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The objective of semen quality evaluation is

to predict the fertility potential of samples 

INTRODUCTION
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� Male gamete is only one part of the equation

� Semen is a multicellular population but fertilization is the 
result of a cell-cell interaction

� Failure of monoparametric approaches : solutions will 
come from combination of several measured parameters

C. Staub



What is prediction ? 

INTRODUCTION
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Linear regression 
and

positive relation

Dot plot distribution 
and

threshold selection

C. Staub



CASA systems to assess motility

“The percentage of sperm cells exibiting progressive forward motility is the

most common measurement recorded during semen evaluations.”
Relationship among estimations of motility and fert ility for porcine semen

INTRODUCTION
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Flowers W.L. Artificial Insemination in Swine

Relationship among estimations of motility and fert ility for porcine semen

Motility, %* In vitro sperm 
penetration rate, %

Farrowing rate, 
%

Pigs born alive, 
n

Observations, 
n**

95.2 60.7 ± 7.6a 84.7 ± 4.5a 10.4 ± 0.3 64
82.3 59.4 ± 8.7a 87.4 ± 5.2a 10.2 ± 0.3 56
78.1 54.3 ± 4.5a 82.7 ± 6.4a 10.3 ± 0.3 49
62.1 65.4 ± 4.2a 84.9 ± 4.5a 9.9 ± 0.3ab 45
52.4 39.6 ± 5.1b 75.2 ± 4.7b 9.4 ± 0.3b 34
44.2 33.9 ± 8.7b 72.3 ± 6.1b 9.4 ± 0.4b 27
32.7 17.3 ± 3.2c 52.2 ± 8.2c 8.4 ± 0.3c 22

* Motility values in a category, i.e. >90, 80-89, 70-79, etc.
** Number of observations for each motility category.
a,b,c Means with different superscripts within the same column are statiscally different (p<0,05)



CASA systems to assess motility
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Fertility prediction will not come from motility assessement only

“A given semen quality estimate that is a good predictor of in vivo or in vitro

fertilization for one boar, may not be applicable for others. ”

INTRODUCTION
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Popwell J.M and Flowers W.L. Anim Reprod Sci. 2004 Mar;81(1-2):97-113.

“Motility estimates routinely performed in most A.I. centres are a
reasonable technique for identification and elimination of sub-fertile
ejaculates. Combining different complementary tests improves estimations

of boar fertility. ”
Flowers, W.L. Soc Reprod Fertil Suppl. 2009;66:67-78. 



Multiparametric approach

“Combining the results of the various sperm function tests does improve

the reliability of fertility estimation”

INTRODUCTION
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the reliability of fertility estimation”

“Flow-cytometry has proven to be an ideal tool because it allows the
objective, rapid and simultaneous analysis of a number of properties in a

large number of sperm”

Colenbrander B. Reprod Domest Anim. 2003 Aug;38(4):305-11.

C. Staub



Definition of Flow Cytometry

Flow cytometry is a technique for counting and examining microscopic

particles, such as cells , by suspending them in a stream of fluid and passing

Flow Cytometry

particles, such as cells , by suspending them in a stream of fluid and passing

them through an electronic detection apparatus. It allows simultaneous

multiparametric analysis of the physical and/or chemical characteristics of up

to thousands of particles per second.
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Basic principles of flow cytometry and instrumentation

� Fluidic system

� Light and Fluorescent Detectors

Flow Cytometry

� Light and Fluorescent Detectors

� Signal generation and processing

� Multiparametric data display

� Data analysis
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0.1mm

20mm
Probe Volume = 200 picoliter

0.1mm

The EasyCyte Microcapillary Cytometer

EasyCyte capillary cytometer
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Flow Rate = 1 microliter / second

Volume (Inlet to Detection) = 200nl

50-100mm
Particle Velocity Up = 100mm/s



� Easy to maintain and operate

� No sheath fluid or alignment

EasyCyte Microcapillary Cytometer

EasyCyte capillary cytometer

� No need for dedicated operator

� Minimal downtime

� Small footprint
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Unique 96-well Platform Features

� Integrated mixing and washing capability with extremely low carryover (<0.05%)

� Ability to assay both microcentrifuge tubes and 96-well microplate

� Intuitive plate protocol software (WorkEdit file)

� Design amenable to automation integration

EasyCyte capillary cytometer

� Design amenable to automation integration
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EasyCyte : Measure of five parameters

� One solid phase blue laser (488 nm)

� 2 photodiodes (FSC, SSC)

EasyCyte capillary cytometer

� 2 photodiodes (FSC, SSC)

� 3 Photomultiplicators (Green 525 nm, Yellow 583 nm, Red 655 nm)

� Adjust sensitivity and voltage of all diodes and PMTs

� Change the compensation values of two emission PMTs
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CytoSoft� to run the assays …

EasyCyte capillary cytometer
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EasySoft v 4.0

To store your data in a database
To report results in an easy and friendly way

EasySoft� to store the data and report results

EasyCyte capillary cytometer

Five model of data reporting :
1. Quality report (1 analysis performed 1 day)
2. Daily report (all the analysis from 1 day)
3. Individual report (1 animal from a selected time period)
4. Comparison (all analysis from all animal from a selected 

time period)
5. Global (the whole listing of the database)

Five tests :
1. Viability
2. Acrosome integrity
3. Mitopotential
4. Calcium assay
5. Bacterial count
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Name of the assay Description

Viability viability based on membrane permeability

Annexine quality of plasma membrane

Assays routinely performed in the lab

EasyCyte capillary cytometer

Acrosome acrosome integrity

Mitopotential mitochondrial integrity

Calcium total cytosolic calcium content

TUNEL DNA fragmentation

SCSA DNA condensation

DCFDA cell oxydation

Bacti count count of total bacteria population

Sperm count count of total spermatozoa
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Live / Dead sperm Viability assay
or membrane permeability test

Definition : In the Live/Dead sperm viability kit
consist of Sybr14 and propidium iodide (PI) dual
staining. This is a sperm membrane permeability
assay. Live sperm fluoresce in green and dead
sperm in red.

Sperm membrane integrity

sperm in red.

Garner et al., Dual DNA staining assessment of
bovine sperm viability using SYBR-14 and
propidium iodide. J.Androl. 1994 Nov-
Dec;15(6):620-9.

Incubation : 5 à 10 minutes

Used channel : FSC / SSC / Green / Red

Live cells in M1 (high green, very low red)

Dead cells in M2 (high red)

% viable cells in fresh ejaculates > 70%

% viable cells in post-thawed samples > 50%
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Membrane permeability test : how it works !

Sperm membrane integrity

Nucleated CellViable CellViable Cell

Not a Cell
Nucleated CellNon-Viable Cell
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Membrane permeability is highly correlated with sperm quality.

Male # 1 Male # 2

Sperm membrane integrity

81,89% viable cells 60,57% viable cells

Do you trust both samples ?
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0,75 0,755

Relation between predicted NRR56 
and % viable sperm cells in raw semen

Relation between predicted NRR56 and % 
viable sperm cells in post thawed semen

The Danish study

Sperm membrane integrity
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Borchersen S. 20th European AI Vets meeting, Utrecht, NL, 2008.

(15.106 spz / dose)195 young bulls (40 Jersey , 155 Hostein)

Pig, Poultry & Dairy Focus Asia 2010C. Staub



Use this model for animal selection

Membrane permeability (VIABILITY)  is highly correlated with sperm quality.

Sperm membrane integrity

Membrane permeability (VIABILITY)  is highly correlated with sperm quality.

Analysis/Use of this single parameter allowed the Danish AI centers to optimize 
the number of sperm cells per dose while maintaining high fertility results.

15 millions sperm per straw � � � 10 millions sperm per straw

Over a time period of 10 years, the production increased by 33 % !
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Sperm counting assay

Definition : Assess the number of spermatozoa
(Sybr14 and propidium iodide stained cells) in
reference to fluorescent beads

Incubation : 5 à 10 minutes

Sperm membrane integrity and concentration

Incubation : 5 à 10 minutes

Used channel : FSC / SSC / Green / Red

Percent of viable cells = M1 / (M1 + M2) x 100

Sperm Conc = (( M1 + M2) / M3) x [beads] x DF

Live cells in M1 (high green, very low red)

Dead cells in M2 (high red)

Fluorescent beads (high green, high red)
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Membrane permeability
and Acrosome integrity assay

Definition : The peanut origine lectin (PNA) 
coupled with FITC stains the sperm permeabilized 
acrosomes in green and Propidium Iodide (PI) 
enters sperm with altered membrane and stains 
dead cells nucleus in red.

Sperm membrane and Acrosome integrity

Nagy et al., A triple-stain flow cytometric method to
assess plasma- and acrosome-membrane integrity
of cryopreserved bovine sperm immediately after
thawing in presence of egg-yolk particles. Biol
Reprod. 2003 May;68(5):1828-35

Incubation : 10 minutes

Used channel : FSC / SSC / Green / Red

% viable cells intact acrosome fresh ejaculates > 60%

% viable cells intact acrosome post-thawed samples > 40%
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Mitopotential assay

Definition : The JC-1 fluorescent dye is sensitive
to green or orange depending on the mitochondrial
membrane potential. This dye is used to evaluate
integrity of mitochondrial membrane.

Smiley et al., Intracellular heterogeneity in

Mitochondrial membrane potential

Smiley et al., Intracellular heterogeneity in
mitochondrial membrane potentials revealed by a

J-aggregate-forming lipophilic cation JC-1. Biol
Reprod. 2003 May;68(5):1828-35

Incubation : 30 minutes

Used channel : FSC / SSC / Green / Orange

Polarised mitochondria (high red)

Depolarising mitochondria (higher green)

Depolarised mitochondria (low red)

% depolarized mitochondria in fresh ejaculate < 30%

% depolarized mitochondria in post-thawed samples < 50%
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Mitopotential assay : how it works !

Apoptotic 
Induction

Cell Cytoplasm

Mito

Cell Cytoplasm

Mito

JC-1 dye

Mitochondrial membrane potential

Induction

Healthy Cell
JC-1 Aggregates

in the Mitochondria
Orange

Polarized

JC-1
JC-1

JC-1

JC-1

Early Apoptotic Cell
JC-1 Monomers
in the Cytoplasm

Green
Depolarized
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Semen collection and Processing
� Mitochondrial integrity is highly informative of sperm quality (cooling step 

duration during freezing, thermoresistant test, ROS impact, sexing impact)

Male # 1 Male # 2

Mitochondrial membrane potential

Are you buffering raw ejaculates ?
How long do you keep the semen before packing, befo re freezing ?

18,41% depolarized 55,26% depolarized
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“The evaluation of mitochondrial membrane potential integrity is a test that
reflects sperm quality, which makes it highly recommendable to be applied

as a complement to routine sperm analyses”

Will JC-1 be part of the final equation ?

Mitochondrial membrane potential

as a complement to routine sperm analyses”
Espinoza J.A. et al.  Andrologia. 2009;41(1):51-4

“JC-1 staining and flow cytometry could readily and quickly detect sperm
mitochondrial membrane potential and the sperm JC-1 + % could be an

auxiliary marker for the diagnosis of male infertility.”
Xia X.Y. et al. Zhonghua Nan Ke Xue. 2008;14(2):135-8 
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Sperm Chromatin Structure Assay

Definition : Estimate the structure stability of the
sperm nucleus chromatine after an acide attack.
The acridine orange (AO) has the capacity to
change from red fluorescence when it is linked to
fragmentised DNA green fluorescence to green
when it is linked to intact DNA.

Sperm Chromatin Structure Assay

when it is linked to intact DNA.

Evenson et al., Sperm chromatin structure assay:
its clinical use for detecting sperm DNA
fragmentation in male infertility and comparisons
with other techniques. J Androl. 2002 Jan-

Feb;23(1):25-43.

Incubation : 5 minutes

Used channel : FSC / SSC / Green / Red

Intact DNA (higher green)

Damaged DNA (higher red)
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Animal selection
� Sperm Chromatin Structure assay is correlated to field fertility

Male # 1 Male # 2

Sperm Chromatin Structure Assay

Increased DNA damage measured with SCSA means lower  
fertilising ability and poorer embryonic developmen t

9,59% fragmented 17,80% fragmented
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“FCM-AOT variables, in particular %Abnormal alpha(t), displayed
significant correlations with motility (r = -0.557), vitality (r = -0.469) and
morphology (r = -0.464, n = 201), which are similar in magnitude to those

”

Many teams have reported SCSA as related to fertility

Sperm Chromatin Structure Assay

existing between the standard semen variables.”

“DFI can be used as an independent predictor of fertility in couples
undergoing IUI. As a result, we propose that all infertile men should be
tested with SCSA as a supplement to the standard semen analysis. When

DFI exceeds 30%, ICSI should be the method of choice.”
Bungum M. et al. Hum Reprod. 2007;22(1):174-9.

Apedaile A.E. et al. Reprod Biomed Online 2004;8(4):398-407.
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“Either or both of the parameters, sperm morphology and sperm chromatin
integrity, seem to be useful in predicting the fertilising ability of stallion

”

More rencently …

Sperm Chromatin Structure Assay

“Although more information is required to better understand the relationship
between DFI and boar fertility, this report suggests that the SCSA assay
may be an important assay for identification of boars having potential for

lowered fertility.”
Didion B.A. J Androl. 2009;30(6):655-60.

ejaculates, particularly in determining cases of sub-fertility.”
Morrell J.M. et al. Acta Vet Scand. 2008;7:50:2.
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Sperm Ubiquitin tag immuno-assay

UBIQUITIN

Ubi+

Sutovsky et al., J Androl. 2007 ; 28(1):92-108.
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r = 0,63

Correlation between sperm morphology 
and total ubiquitin immunofluorescence 

UBIQUITIN

Odhiambo and Sutovsky, SBiRM 2009, in press.
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Relation between total ubiquitin immunofluorescence and fertility

UBIQUITIN

� Ubiquitin expression is positively correlated with the incidence of sperm
morphological abnormalities (cytoplasmic dropplets, damaged acrosomes,
nuclear vacuoles).
� Ubiquitin expression is animal and season dependant. It is however process
and extender independent

With permission of Peter Sutovsky, Division of Animal Sciences, 
University of Missouri-Columbia, Columbia, MO 65211, USA.
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Mid piece

Nucleus – DNA compaction
DNA fragmentation

Cytosol – calcium content
oxidation

Acrosome – capacitation
Membrane – permability

lipids structure

Healthy sperm cell quality map 

Head

Mitochondria – integrity
energy production

EasyCyte CASA
systems

Classical
methods

lipids structure
ubiquitin

energy production

Flagellum
Surrounding media

Agglutination – count
Contamination – bacteria

Other parameters –
pH, osmolarity, 

oxydative potential, 
metabolic waste 

– presence, insertion
cytoplasmic droplets

Mobility – speeds, HBF, ALH
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� Two different freezing protocoles : 

R : Rapid freezing (100°C/min after supercooling)

S : Slow freezing (40°C/min after supercooling)

� Two different warming protocoles

R : Rapid warming (90°C – 4 sec)

How semen process is impacting semen quality ?

MULTIPARAMETRIC APPROACH

S : Slow warming (37°C – 30  sec)
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8 different bulls 

Five measured parameters : 

Experimental design 

MULTIPARAMETRIC APPROACH

� CASA motility

� plasma membrane integrity (Viability)

� acrosome membrane integrity

� aerobic function of mitochondria (Mitopotential)

� SCSA (Sperm Chromatin structure assay)
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Viabilité IVOS
Viabilité / 
Acrosome 

intact

Mobilité ����

65.4 55.1 29.2 28

Freezing process

RapidSlow

Need for a multiparametric approach

MULTIPARAMETRIC APPROACH
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Rapid freezing is negatively impacting membrane quality,
espacially if the warming process is slow !

Rapid freezing is negatively impacting motility, 
especially when the warming is slow !

Rapid warming is negatively impacting nuclear integrity
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Thresholds:

- Two levels (low or high ) on parameters 1, 2 and 4

1 2

3 4

Multiparametric cytometric analysis – set-up fertility 
database correlated to the measured parameters

Decisions:

- Three parameters with acceptable levels = Lot is selected

- Parameter 3 with unacceptable level = Lot NOT selected

- Two levels (low or high ) on parameters 1, 2 and 4

- Three levels (low , medium or high ) on parameter 3 
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With permission of Patrick Bondin, Alliance BOVITEQ,Québec, Canada



A B C D E F Q R S T U VG H K MI J W X Y ZL N O P AABull
1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2
3 4 3 4 3 4 3 4 3 4 3 4 3 4 3 4 3 4 3 4 3 4 3 4 3 4 3 4 3 4 3 4 3 4 3 4 3 4 3 4 3 4 3 4 3 4 3 4 3 4 3 4 3 4

Test

X X X XX X X X

> -1 > -1 > -1 > -1> -1 > -1 > -1 > -1 < -1 > -1> -1 < -1 > -1 > -1 > -1 < -1> -1> -1 < -1 < -1 < -1 > -1 < -1 > -1 < -1 > -1SOL < -1

Lot

Multiparametric cytometric analysis – set-up fertility 
database correlated to the measured parameters

8 lots eliminated

7 lots eliminated out of 9 bad lots (78% sensitivity)

17 lots kept out of 18 good lots (94% specificity)

24 lots well identified out of 27 lots (89% total precision)

27 lots examined
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What is the right equation ?

CONCLUSION

Fertility = (Motility + Prog + VSL + LIN) x Viab x Acro x Mito x SCSA2 x Ubi x …   

4
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Interest of AI centers for Flow Cytometry

1. Animal selection

2. Semen collection & processing

CONCLUSION

3. Quality control

Having a better knowledge of the way semen doses are produced
– from male collection to insemination – will help AI centers to
increase productivity and deliver semen with maximized fertility
potential.
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