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mixed antiglobulin reaction
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direct, 82-4
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Appraisal of Guidelines Research
and Evaluation (AGREE)
Instruments, 265
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canisters, 242
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materials, disposable, 176
procedure, 177
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passage through, 23-5
penetration, 143, 175
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measurement using, 91-4
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also Sperm Chromatin
Dispersion (SCD) test;
sperm chromatin structure
assay (SCSA)
assessment by TUNEL, 120
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Clinical Laboratory Improvement
Amendment (CLIA), 283
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274, 275, 279
cold shock, 220
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procedure, 121-3
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results, 124
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commercial density gradient, 200
Commission on Laboratory
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equipment, 166-7
interpretation guidelines, 168
materials, disposable, 167
principle, 166
procedure, 167-8
quality control, 167
reagents, 167
results, 168
specimens, 166

compressed gases safety rules, 312
computer-aided sperm analysis

(CASA), 130-49, 284, 325,
339
amplitude of lateral head
displacement (ALH), 133
applications, 137-40
artificial intelligence technology,
148-9
as automated semen analyzers,
130
average path velocity (VAP), 132
beat/cross frequency (BCF), 133
clinical application, 139-40
curvilinear velocity (VCL), 132,
132
discrepancy plots, 147
DNA fragmentation, 145
FAST software, 148
fractal dimension (D or FDM),
133
general recommendations, 137
holographic, 148
instrumentation, 137-8
limitations
biological, 133, 134
technical, 134, 135-7
technological, 133-5
limits of agreement, 147
linearity (LIN), 132
Measurement Uncertainty, 147
misuse of, 130
mobile phone, 149
OpenCASA, 148
overview, 130
‘playback’ feature, 145, 146
point-of-care devices, 149
quality control, 145-6
in reproductive toxicology, 140
semen analysis, 141-3
accuracy, 147
functionality limitations,
133-7
precision, 147

validation, 146-8
sperm concentration, 141, 146
determination, 138
sperm fertilizing ability, 145
sperm functional potential
assessment, 143-5
sperm hyperactivation, 139,
144-5, 155
sperm morphology, 139, 142
sperm motility, 135
determination, 138-9
kinematic measures of, 131-3
percentages, 142
quality control, 145-6
sperm survival assay, 171
sperm vitality, 142-3
sperm-mucus penetration, 143
straight-line velocity (VSL), 132
straightness (STR), 132
systems/devices, 143
kinematics between, non-
comparability issues, 140-1
manufacturers, 131
wobble (WOB), 132
continuous equipment monitoring,
281
continuous variables, 271, 277-8
controlled rate freezer, 338
conventional TESE (cTESE), 256
convolutional neural networks
(CNNs), 148
cooling/warming
control rate in cryopreservation,
229-30
flash-freeze technique, 230
ice nucleation, formation, 219
mechanically assisted vapour
phase, 230
rate, intended, 232
static vapour phase, 230
thawing, 230-1
by thermocouple, 233
ultra-rapid freezing, 230
vitrification, 230
cortical granules, 29
counting chambers, 335
COVID-19. See SARS-CoV-2
CPMs. See cryopreservation
medium/media (CPMs)
crossed-hostility test (XHT), 190-2
format, 191
interpretation guidelines, 191-2
principle, 190-1
procedure, 191
specimens, 191
cryobank organization, 242
sample storage location, 2424
canisters, 242
cryocanes, 242
cryo-cassettes, 243
cryoflex, 243
flags, 243
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goblets, 242
inventory systems, 244, 244
labels, 243
storage box, 243
visotubes, 242
samples and tank types, 244-6
storage systems, 246-8
inventory control systems, 247
legal considerations, 247-8
traceability, 247
types, 247
transportation, 248
cryobanking, 224, 234, 296-300, See
also cryopreservation
applications, 225
cryostorage tank management,
297-9
divided storage, 299
equipment, 338
controlled rate freezer, 338
cryogenic safety gear, 338
cryogenic storage dewars, 338
liquid nitrogen supply vessel,
338
sealing device for straws, 339
ethical concerns, 247
general measures, 296-9
liquid nitrogen transport, 296
maximum number of children
per donor, 248
posthumous reproduction, 248
premature warming of cells,
299-300
specimen identity verification,
296
staff safety, 296
storage period, 248
transmission of infection, 299
cryocanes, 242
cryo-cassettes, 243
cryodamage, 221-2, 222
cryogenic marker pens, 336
cryogenic safety gear, 338
cryogenic storage dewars, 338
cryopreservation, 218-51, 271,
296-300
biological factors, 225, 226
calibration, 235
centrifugation, 240
cooling rates in, 229-30
cryodamage, 221-2, 222
cryoprotective agents, 223
disposable materials, 235
equipment, 234
fragility, 240
freezing, 218
cellular response, 220-1
freezing phase, 237-8
good manufacturing practice, 227
highly viscous samples, 240
ice nucleation, 218, 219
intracellular ice formation, 221

methods, 218, 224-6
osmotic stress, 221-2
packaging devices, 231-4
peroxidation, 226
post-thaw motility, 238
principle, 234
quality control
cross-contamination, 235
cryostorage vessel, 236
external, 236
homogeneity among straws
from sperm donor, 236
internal, 236
reagents, 236
sample identification, 235
temperature, 235
water baths, 236
reactive oxygen species, 222, 226
reagents, 235
recrystallization process, 222
refreezing, 240
results, 239
specimen, 236-7
technical factors, 225
testicular/epididymal sperm
samples, 237
thawing, 221, 230-1, 238
vitrification, 218-19, 2234,
231
warming rates in, 229-30
zonae pellucidae, 240
cryopreservation medium/media
(CPMs), 224, 226
addition/removal, 228, 229
antioxidants, 226
buffers, 226, 228
chelating agents, 226
commercial products,
227
formulations, 226-8
plasma membrane, agents
interact in, 226
cryoprotective agents (CPAs), 223
benefits, 223
non-permeating, 223
osmosis, 223
permeating, 223
toxicity, 223
cryostorage
tank management, 297-9
vessel, 236
cryosurvival factor (CSF), 239
cryotank alarm system, 236
crystallization process, 221
CSF. See cryosurvival factor (CSF)
CT-EQC. See cytotoxicity external
quality control programme
(CT-EQCQC)
cTESE. See conventional TESE
(cTESE)
curvilinear velocity (VCL), CASA,
132
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cytomegalovirus (CMV) infections,
250

cytoplasmic residues, 70

cytotoxicity external quality control
programme (CT-EQC), 280

CZA. See competitive sperm-zona
binding assay (CZA)

DAG defect, 69

dead sperm, 56

decapacitation factor, 194, 203, 206

deep learning (DL) algorithms, 148,
149

Deming’s regression method, 278,
284

density gradient centrifugation
(DGC) technique, 195, 196,
198-202, 199, 206-9

calculations, 209
calibration, 208
colloidal silica products, 199
discontinuous, 202
equipment, 207
interpretation guidelines, 209
materials, disposable, 207
optimization methods, 200-2
harvesting technique, 201-2,
202
layers in, 201
post-gradient swim-up, 202
speed/time, 201
tubes and rotors, 200-1
washing, 202
osmolarity mechanism, 200
principle, 206-7
procedure, 208-9
Pro-Insert device, 211, 212
quality control, 208
reagents, 207
results, 209
risk, ROS using, 199-200
specimen, 207
sperm wash buffer, 203
Trial Wash, 212-13

devitrification, 218-19

DFI. See DNA Fragmentation Index
(DFI)

DGC technique. See density
gradient centrifugation
(DGC) technique

Diff-Quik®, 62

dihydrotestosterone, 16

direct MAR test, 82-4

calculations, 83-4
equipment, 82
interpretation guidelines, 84
materials, disposable, 82
principle, 82

procedure, 83

quality control, 83

reagents, 82

results, 834
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direct MAR test (cont.)
specimen, 82
direct swim-up from semen

zing, 326
ejaculate examination, 86
ejaculation, 19-21, 107

centrifuge, 335
counting chambers, 335
cryobanking equipment, 338

(DSUS), 195, 196, 196-7,
202, 203-6
calculations, 205
calibration, 204
equipment, 204
materials, disposable, 204
principle, 203
procedure, 205
quality control, 205
reagents, 204
results, 205
specimen, 204
discrete variables, 271, 277
distal cauda, 15
DNA, 10-14, 114-27
assessment
COMET test, 115, 121-4
Halosperm test, 115, 124-7

antegrade, 19, 36, 211
composition, 21
frequency, 17
infectious sample, 211-12
retrograde, 19, 36

urine specimen, 211
zinc redistribution at, 20

ejaculation sequence, 20-1, 107-10

abnormal, 20-1

calculations, 109

equipment, 108
interpretation guidelines, 109
materials, disposable, 108
principle, 107-8

procedure, 108-9

quality control, 108

results, 109

specimen, 108

controlled rate freezer, 338
cryogenic safety gear, 338
cryogenic storage dewars, 338
liquid nitrogen supply vessel,
338
sealing device for straws, 339
incubators, 335
microscope, 333-4
digital video camera, 334
fluorescence microscope, 339
inverted microscope, 340
small monitor, 334
video character generator/
titler, 334
videomicrography system, 334
pipetters, 337
air displacement, 337
controller, 337

macro, 337

positive displacement, 337
refrigerator, 337
requirement, 333-40

sperm chromatin structure
assay, 115

TUNEL test, 115, 116-20

values, 328-30

ejaculatory ducts, 15, 18
ejaculatory flow speed, 20
ejaculatory muscles, 20
electrophoresis, sperm separation

DNA damage, 114, 194 by, 197, 198 safety cabinet, 337
COMET test, 115, 121-4 embryonic male, 10 specialized assays equipment,
iceberg effect, 114, 116 embryos, 5 339-40

CASA instrument, 339
flow cytometer, 339
fluorescence microscope, 339
inverted microscope, 340
luminometer, 340
tally counters, 337-8
thermometers, 337
erythrocytes. See red blood cells
(RBCs)
estradiol, 25

low sperm number, 23
potential, 115
ROS, 203
on sperm storage, 17
TUNEL test, 115, 116-20
viable pregnancy, 116
DNA fragmentation, 114
CASA, 145
Halosperm test, 115, 124-7
sperm chromatin structure assay,

spermatogenesis preparation in, 6
emergency tanks, 246
emission, 19
smooth muscles innervation, 19
endometrium, 30
Endtz test, 74
Eosin Y, 55
epididymal duct, 14
epididymal spermatozoa, 256-8
calculations and results, 258

115
testing indications, 116
DNA Fragmentation Index (DFI),
328
docosahexaenoic acid (DHA), 90
donor screening
clinical history and physical
screening, 249

calibration, 257
equipment, 256
materials, disposable, 257
principle, 256

procedure, 257-8

quality control, 257
reagents, 257

specimen, 256

European Commission, 283
European Cooperation for
Accreditation (ECA), 269
European Union (EU), 282-3
extended semen analysis, 1
external QC/QA schemes, 279-81
external quality assessment
programme (EQAP), 274,

276, 279, 281
external quality assurance (EQA)
schemes, 278
analytical performance
evaluation, 279

genetic screening, 249-50
semen analysis, 251
serological and microbiological
tests, 250-1
sperm donor recruitment, 249
donor sperm, 239
donor tanks, 245
dry bath/warming block, 335
dry shipper, 248, 338
DSUS. See direct swim-up from
semen (DSUS)

epididymis, 14
biochemical test, 104-7
sperm storage, 16-17
sperm transport, 15-16
transit time, 15
epithelium cells, 45, 62 external QC/QA, 279-81, 280
EQA. See external quality assurance  eye protection, laboratory safety,
(EQA) schemes 309

EQAP. See external quality
assessment programme
(EQAP)

equipment

balances, 335
analytical, 335
top load, 335

categories, 333

Failure Modes and Effects Analysis
(FMEA), 277, 290-2
healthcare applications of, 291

rating schemes, 291-2
Fallopian tube sperm perfusion
(FSP), 26
Fallopian tubes, 26

EDTA, 199, 200, 226
ejaculate biochemistry, 326-7
a-glucosidase, 327
360 fructose, 326
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isthmus, 27
fecundity rate, 232
female reproductive physiology,
23-30
cervical mucus, 23-5
fertilization, 26
isthmic sperm reservoir, 25-6
oocyte
activation, 29
passage of competent
spermatozoa, 28
single, 23
sperm fusion, 28
sperm invasion, 23
sperm messages after fusion,
29-30
sperm mitochondria
destruction, 30
oviductal ampulla, 26
sperm responses to female genital
tract signals, 27-8
sperm storage, 27
utero-tubal junction, 25-6
ferning, cervical mucus, 177
Fertile Plus® device, 196
Fertile® device, 196
fertilization
of gametes, 5
sperm capacity, 16
sperm passage through cervical
mucus, 25
sperm reaching place for, 26
fire safety rules, 309-10
fire/explosion safety, 313
flagellum, 30, 90, 131, 155
flash-freeze technique, 230
flow cytometry, 339
TUNEL test, 117-18, 119
FMEA. See Failure Modes and
Effects Analysis (FMEA)
follicle stimulating hormone (FSH),
8,25
forceps, 336
fractal dimension (D or FDM),
CASA, 133
free sperm, 55
freezer, 335
freezing, 218
cellular response, 220-1
flash-freeze technique, 230
programmable systems, 229
quench, 230
seeding, 218, 220-1
ultra-rapid, 230
fructose, 18, 100
ejaculate biochemistry, 326
qualitative assessment, 103-4
quantitative assessment, 100-3
calculations, 102-3
calibration, 101
equipment, 100-1
interpretation guidelines, 103

material, disposable, 101
principle, 100
procedure, 102
quality control, 101
reagents, 101
results, 102-3
specimen, 100
fume hood/fume adsorber, 335

gametes, 5-6
fertilization of, 5
male, production of, 6-10
in mammals, 6
protection in laboratory, 5
uniqueness, 5
genetic screening, 249-50
genomic imprinting, 30
germ cells, 6, 8
immature, 90
glass transition temperature (Tg),
218
glassware, 336
globozoospermia, 70
GLP. See Good Laboratory Practice
(GLP)
GMP. See good manufacturing
practice (GMP)
goblets, 242
Gold Standard semen examination
methodology, 284
gonads, 5
Good Laboratory Practice (GLP),
282
good manufacturing practice
(GMP), 227

haemocytometer, 51, 55, 141, 335
Halosperm test, 115, 124-7
calculations, 127
equipment, 125
materials, 125
principle, 124-5
procedure, 126-7
quality control, 127
reagents, 125-6
reference values, 127
results, 127
specimen, 125
values, 330
HAmax assay, 156, 156
interpretation guidelines, 158
reagents, 157
hamster egg penetration test
(HEPT), 168-9
hand protection, laboratory safety,
309
harvesting technique, DGC, 201-2
hazardous materials safety, 313-14
fire/explosion, 313
mercury, 314
reactivity data, 314
toxicological properties, 314

Index

HBA. See Hyaluronan Binding
Assay (HBA)
HDS fraction. See High DNA
Stainable (HDS) fraction
Health and Safety Executive (HSE),
307
Health Technology Assessment
(HTA), 265, 266
heated stirrer, 335
Hemacolor®, 62
hemizona assay (HZA), 163-6
calculations, 165
equipment, 164
interpretation guidelines, 165
materials, disposable, 164
micromanipulator, 340
principle, 163
procedure, 164-72
quality control, 164
reagents, 164
results, 165
specimens, 163-4
hemizona index (HZI), 165
HEPT. See hamster egg penetration
test (HEPT)
High DNA Stainable (HDS)
fraction, 328
Holstein, Adolph, 10
home testing, 341, 342-3
HOS test. See hypo-osmotic
swelling (HOS) test
hSST. See human sperm survival test
(hSST)
human resources, risk management,
294
human sperm survival test (hSST),
279
humid chamber, 335
hyaluronan, 172
Hyaluronan Binding Assay (HBA),
172
hyaluronidase, 28
hydatidiform mole, 30
hyperactivation, sperm, 27
assessment, 155-8
calculations, 158
calibration, 157
equipment, 157
interpretation guidelines, 158
materials, disposable, 157
principle, 155-6
procedure, 158
quality control, 158
reagents, 157
results, 158
specimen, 156
CASA, 139, 144-5, 155
spontaneous, 155, 156
hypertonic density gradient, 200
hypogastric nerves, 19
hypogastric plexus, 19
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hypo-osmotic swelling (HOS) test,
22

HZA. See hemizona assay (HZA)

HZI. See hemizona index (HZI)

ice formation
extracellular medium, 220-1
intracellular, 221
ice nucleation, cryopreservation,
218
formation, 219
iceberg effect, 114, 116
ICSI. See intracytoplasmic sperm
injection (ICSI)
ideal sperm morphology, 66-7
immotile cilia syndrome, 48, 57
immotile spermatozoa, 46, 135, 202
immunoglobulin A (IgA)
antisperm antibodies, 81
mixed antiglobulin reaction test,
82, 83
immunoglobulin G (IgG)
antisperm antibodies, 81
mixed antiglobulin reaction test,
82, 83
indirect MAR test, 84-5
calculations, 85
equipment, 84
interpretation guidelines, 85
materials, disposable, 84
principle, 84
procedure, 85
quality control, 85
reagents, 84-5
results, 85
specimens, 84
infections
bacterial, 86
semen
microbiological examination,
86-7
odour, 40
viral, 86-7
infectious disease patient tanks,
246
inflammatory cells, 74
inhibin B, 8
Insler score, cervical mucus, 177
criteria for assigning component
values, 178
Inter-American Accreditation Co-
operation (IACC), 269
internal QC, 273
control materials
decision-making levels,
274
quality requirement, 274
recommended, 273
selection, 273
stability of method, 274
variation of method, 274
patient samples, 274

362

International Laboratory
Accreditation Cooperation
(ILAC), 269

International Organization for
Standardization (ISO), 269,
270

inter-observer quality control, 274

intracellular ice formation, 221

intra-cervical insemination (ICI),
26

intracytoplasmic sperm injection
(ICSI), 2, 28, 194, 212, 300

hyaluronan-bound spermatozoa
for, 197-8

physiological, 197, 198

simple washing, 203

thawing, spermatozoa, 260

intra-urethral pressure, 20

intrauterine insemination (IUI), 26,
239

inventory systems, cryobanking,
247

inverted microscope, 340

in-vitro fertilization (IVF), 115

iris scissors, 336

ischio-cavernosus muscles, 20

ISO Standards, 282

ISolate®, 199

isomolar vitrification media, 231

isthmic sperm reservoir, 25-6

IUI See intrauterine insemination
(IUT)

Joint Commission on Accreditation
of Healthcare Organizations
(JCAHO), 283

Kartagener syndrome, 48, 57
Key Performance Indicators (KPIs),
265, 301
structural and outcome, 266
total testing process, 265, 267
types, 265
K-M test. See Kurzrok-Miller (K-M)
test
Koek Biotechnology, 196
KPIs. See Key Performance
Indicators (KPIs)
Kremer, J., Dr., 185
Kremer sperm penetration test,
185-8
calculations, 188
calibration, 186
equipment, 185
interpretation guidelines, 188
materials, disposable, 185
principle, 185
procedure, 186-8
quality control, 186
reagents, 186
results, 188
semen reservoir in, 187

specimens, 185

Kurzrok-Miller (K-M) test, 183-4,
184

calculations, 184

equipment, 183

interpretation guidelines, 184

materials, disposable, 183

principle, 183

procedure, 183-92

quality control, 183

reagents, 183

results, 184

specimens, 183

label printer, 338
laboratory
gametes protection in, 5
management, 293-4
identification technologies,
295-6
inadequate human resources,
294
inadequate systems, 294
inappropriate methods, 293
physical resources, 293
requirement, 333-40
standard operating procedures,
294
safety. See safety
learning curve, 270
Leidenfrost effect, 230
LensHooke™ X1 Pro, 149
leucocytes/leukocytes, 25, 61, 73
CD45 pan-leukocyte antigen,
immunocytochemical
staining, 87-90
polymorphonuclear leucocytes,
73
ROS production, 91
in semen, 44-5, 87
sample, 287
staining, 87, 88
leucocytospermia/
leukocytospermia, 74, 87
LeucoScreen™, 76
Levy-Jennings chart, 274
Leydig cells, 10
lipid phase transition, 220
liquid nitrogen, 234
supply vessel, 338
transport, 296
live sperm, 56
luminol, 91
ROS measurement using, 91-4
luminometer, 340

machine learning (ML) algorithms,
148

macro pipetter, 337

magnetically activated cell sorting
(MACS), 197

makler chambers, 335
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male infertility, 11, 155
male pronucleus, 29
male reproductive tract, 15
bacterial infection, 86
male subfertility, 86
prevalence of, 1
male temperament, 10
mammals
epididymal transit time, 15
gametes in, 6
mitotic divisions in, 6
oocyte, 28
sperm reservoir, 25
MAR test. See mixed antiglobulin
reaction (MAR) test
material safety data sheets (MSDSs),
307
measurement uncertainty (MU),
277-7, 284
mechanically assisted vapour phase
cooling, 230
MedCalc software, 277
meiosis, 5, 7
evolution of, 5
meiotic
cell division, 6
recombination, 5
mercury materials safety, 314
MESA. See micro-epididymal sperm
aspiration (MESA)
messenger cell, 10
method selection, 275
basic requirements, 275-6
continuous variables, 277-8
discrete variables, 277
measurement uncertainty, 277-7
quality cycle, 278
microdissection TESE (micro-
TESE), 256, 258
micro-epididymal sperm aspiration
(MESA), 256
micro-organisms, 5
microscope, 333-4
migration-sedimentation
technique, 195
MiOXSYS test, 94-6, 327
calculations, 96
equipment, 95
materials, disposable, 95
principle, 94-5
procedure, 95-6
quality control, 95
reagents, 95
results, 96
specimen, 95
miscarriage, 23
mitochondrial DNA (mtDNA),
13-14, 30
mixed antiglobulin reaction (MAR)
test, 81
direct, 82-4
indirect, 84-5

mobile phone CASA, 149
mtDNA. See mitochondrial DNA
(mtDNA)

NAG. See neutral a-glucosidase
(NAG)
National Association of Testing
Authorities (NATA), 283
Neubauer haemocytometer, 44, 53,
54
neutral a-glucosidase (NAG), 77,
104-7
assessment
calculations, 106
calibration, 105-6
equipment, 105
interpretation guidelines, 107
materials, disposable, 105
principle, 104
procedure, 106
quality control, 106
reagents, 105
results, 106
specimen, 104
Nigrosin, 55
NOA. See non-obstructive
azoospermia (NOA)
non-ideal sperm morphology,
67-70
non-obstructive azoospermia
(NOA), 256
non-permeating cryoprotective
agents, 223
non-progressive spermatozoa, 46,
134
noradrenalin, 18, 19, 25

oligozoospermia, 3, 39, 43, 46
oocytes, 5, 115, 166
activation, 29
passage of competent
spermatozoa, 28
single, 23
sperm fusion, 28
sperm messages after fusion,
29-30
sperm mitochondria destruction,
30
zona-free hamster, 169
ooplasm, 28
OpenCASA, 148
ORP. See oxidation-reduction
potential (ORP)
osmolarity mechanism, 200
osmotic stress, 221-2
oviductal ampulla, 26
oxidation-reduction potential
(ORP), 91, 94
oxidative stress, 327

packaging devices,
cryopreservation, 231-4
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cooling/warming rates, 232
cross-contamination risk, 232-4
effective sealing, 232
fecundity rate, 232
fragility, 232
selection of, 232-4
straws vs. cryovials, 232
Papanicolaou staining, 61-2, 64, 73
leukocytes, 87, 88
modified, 63
parthenogenesis, 30
Passing & Bablok analysis, 278
paternal genome, 114
PCT. See post-coital test (PCT)
PDCA cycle. See Plan-Do-Check-
Act (PDCA) cycle
peanut agglutinin (PNA), 145
pentoxifylline, 155, 159
Percoll®, 198, 199, 201
percutaneous sperm aspiration
(PESA), 256
pericentriolar material, 29
permeable cryoprotectant-free
sperm vitrification, 224
permeating cryoprotective agents,
223,224
peroxidase-positive cells, 74-6
calculations, 76
equipment, 74
materials, disposable, 74
principle, 74
procedure, 76
quality control, 75
reagents, 75
results, 76
specimen, 74
PESA. See percutaneous sperm
aspiration (PESA)
phenotype, 6
physiological ICSI (PICSI), 197, 198
PICSI® Dish, 197, 198
pipetters
air displacement, 337
controller, 337
macro, 337
positive displacement, 337
placental development, 30
Plan-Do-Check-Act (PDCA) cycle,
263, 263, 278
pleiomorphism, 14
PMN:ss. See polymorphonuclear
leucocytes (PMNs)
point-of-care CASA devices, 149
polymorphonuclear leucocytes
(PMNs), 73
positive displacement pipetter, 337
post-coital test (PCT), 175, 179-83
calculations, 182
calibration, 180-1
equipment, 180
interpretation guidelines, 182-3
materials, disposable, 180
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post-coital test (PCT) (cont.)

overview, 179-80

principle, 180

procedure, 181-92

quality control, 181

results, 182

specimen, 180
posthumous reproduction, 248
post-synaptic nerves, 19
post-synaptic short neurons, 19
premature warming of cells

alarm systems, 299

freezing, 299

liquid nitrogen supply, 300

monitoring system, 299

packaging system, 300
pre-screening patient tanks, 246
Pre-Seed, 36
pre-synaptic sympathetic neurons,

19

proactive risk management, 290
Process Mapping, 264
progesterone, 155, 159
prognostic information, 2
pronucleus, 29
prostaglandins, 18
prostate, 18

biochemical test, 96-100
Prostate Specific Antigen (PSA), 21
prostatic fluid, 17, 18, 19, 21, 23
protamines, sperm, 10-13
protective equipment/clothing,

laboratory worker, 309

protozoa, 45
proximal cauda epididymidis, 27
psychological screening, 249
public safety, 293
PureSperm®, 199, 200

quality assurance (QA), 262
quality concepts
overview, 262
QA, 262
QC, 262
QI 263
QMS. See quality management
system (QMS)
quality control (QC), 262, 273
accumulative histogram/rolling
average, 275
and CV, 275
internal, 273-4
inter-observer, 274
quality improvement (QI), 263
quality management system (QMS),
264
customer-focus, 264
documents, 264
evidence-based decision making,
265
improvement, 265
KPIs, 265

leadership, 264
people engagement, 264
process approach, 264-5
relationship management, 266
quarantine tank, 246
quench freezing, 230

rapid progressive spermatozoa, 46,

motility values, 322-3
RCA. See Root Cause Analysis
(RCA)
reactive oxygen species (ROS), 70
DNA damage, 203
endogenous/exogenous, 222, 226
measurement, 90-4, 327
calculations, 93
equipment, 91
interpretation guidelines, 94
issues in, 94
materials, disposable, 92
principle, 91
procedure, 92-3
quality control, 92
reagents, 92
results, 93
specimen, 91
using luminol
chemiluminescence, 91-4
osmotic stress, 222
using DGC, 199-200
recrystallization process, 219, 222
red blood cells (RBCs), 45, 261
redox state, 94-6
reference thermometer, 337
refrigerator, 337
registration, 268
regulatory aspects
European Union (and EEA),
282-3
ISO Standards, 282
overview, 282
regulatory environments, 282
standards vs. guidelines, 283-4
reproductive toxicant testing, 305
reproductive toxicology, 303-5
CASA, 140
overview, 303
semen analysis, 303-5
reproductive toxicant testing,
305
standardization of, 303-5
technicians training, 305
respiratory protection, laboratory
safety, 309
results, 316-30
decision limits, 319-20
reference limits, 316, 319
semen examination values, 320-4
ejaculate volume, 320
sperm concentration, 320-1
sperm count, 321-2

sperm morphology, 323-4
sperm motility, 322
sperm progression grading, 323
sperm progressive motility, 322
sperm rapid progressive
motility, 322-3
sperm vitality, 323
retrograde ejaculation, 36
urine specimen, 211
retrospective risk management, 290
Risk Criticality score, 292
risk management, 290-301
cryobanking, 296-300
general measures, 296-9
premature warming of cells,
299-300
transmission of infection, 299
cryostorage tank management,
297-9
devices/products, 293
dual/divided storage, 299
Failure Modes and Effects
Analysis, 290-2
healthcare applications of, 291
rating schemes, 291-2
inadequate human resources, 294
inadequate systems, 294
interpretation and diagnosis,
300-1
liquid nitrogen transport, 296
overview, 290
proactive, 290
regulation and, 293
retrospective, 290
Root Cause Analysis, 290-1
specimen provenance, 294
identity verification, 295-6
person identification, 294-5
processing and results, 295
technological solutions, 295-6
staff safety, 296
tools, 290-1
Root Cause Analysis (RCA), 290-1
ROS. See reactive oxygen species
(ROS)
round cells, 61, 73
semen sample, 44-5
rubber bulbs, 336

safety, 307-14
accident prevention, 308-9
employees’ responsibilities, 309
protective equipment/clothing,
309
supervisors’ responsibilities,
308
biological materials, 310-12
in ART laboratories, 311-12
contaminated waste disposal,
312
semen, 311
use and disposal, 310-11
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chemical materials, 312
compressed gases, 312
cryogenics, 312-13
epidemic/pandemic
responsiveness, 314
fire safety, 309-10
general recommendations, 307-8
hazardous materials, 313-14
incident report form, 314
spills, 310
universal precautions, 307
safety cabinet, laboratory
equipment, 337
safety glasses, 336
SARS-CoV-2, 35, 251
SCD test. See Sperm Chromatin
Dispersion (SCD) test
scissors, 336
SCMC test. See sperm-cervical
mucus contact (SCMC) test
SCSA. See sperm chromatin
structure assay (SCSA)
SD-score, 272
sealing device for straws, 339
secretory cells, 18, 19
seeding, freezing, 218, 220-1
Segré-Silberberg effect, 135, 137
semen
collection and specimen
reception, 311
collection room, 293
colour, 39-40
cytology, 73-4
disposal, 311
handling and processing, 311
immature germ cells in, 90
leukocytes, 87
normal, 44
odour, 40
osmolarity, 21-2
pH, 41-2
ROS in, 91
spills, 311
visual appearance, 39-40
semen analysis/examination, 1-3,
34-77, 251
analytical procedures, 34
CASA, 141-3
accuracy, 147
functionality limitations for,
133-7
precision, 147
validation, 146-8
clinical utility of, 141
cytology, 73-4
extended, 81-110
information for patient, 36
liquefaction, 38-9, 40
method validation, 285
microbiological examination,
86-7
overview, 1

patient instructions, 36
peroxidase-positive cells
identification, 74-6
reproductive toxicant testing, 305
reproductive toxicology, 303-5
sample. See semen specimen
semen volume, 36-8
sperm concentration, 51-5
sperm morphology, 58-73
sperm motility assessment, 46-51
sperm vitality, 55-8
and spermatogenesis, 6
standardized methods, 21-3
technicians training, 305
variability in results, 2
after vasectomy, 76-7
wet preparation, 42-6
evaluation of, 43-6
formation of, 42-3
semen analysis/examination values,
320-4
anti-sperm antibodies, 325-6
computer-aided sperm analysis,
325
ejaculate biochemistry, 326-7
a-glucosidase, 327
fructose, 326
zing, 326
ejaculate volume, 320
oxidative stress, 327
MiOXSYS test, 327
sperm concentration, 320-1
sperm count, 321-2
sperm DNA tests, 328-30
sperm function tests, 327-8
sperm morphology, 323-4
ideal forms, 323-4
Teratozoospermia Index, 324
sperm motility, 322
sperm progression grading, 323
sperm progressive motility, 322
sperm rapid progressive motility,
322-3
sperm vitality, 323
semen liquefaction, 38-9, 40, 195
equipment/materials, 38
interpretation guidelines, 39
principles, 38
procedure, 38-9
results, 39
specimen, 38
semen specimen, 210-12
cells and debris in, 44-6
collection, 34-6
colour, 39-40
container, 35
handling of, 36-8
labelling, 37
cryopreserved specimens, 211
delivery, 34-6
dilution, 51-2
dirty specimen, 210
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infectious ejaculates, 211-12
microbiological examination,
86-7
number of, 2
odour, 40
pH, 41-2
physical examination, 36
poor quality specimens, 211
retrograde ejaculation urine, 211
round cells, 44-5
standardized, 21
surgically-retrieved sperm
specimens, 211
temperature, 37
viscosity, 40-1
viscous samples, 61, 210
weighing, 37
semen viscosity, assessment, 40-1
equipment/materials, 41
interpretation guidelines, 41
principle, 40
procedure, 41
results, 41
semen volume, 36-8
calculations, 38
calibration, 37
equipment/materials, 37
high, 38
interpretation guidelines, 38
low, 38
principle, 37
procedure, 37
quality control, 37
results, 38
seminal plasma, 194, 194, 203, 206
fructose
qualitative assessment, 103-4
quantitative assessment, 100-3
neutral a-glucosidase assessment,
104-7
redox state, 94-6
zinc assessment, 96-100
seminal vesicles, 15, 18
biochemical test, 100-3
seminal vesicular fluid, 42
seminiferous tubules, 7-8, 9, 14
serological tests, 250-1
‘Sertoli cell only’ syndrome, 6
Sertoli cells, 6, 7, 8-10
sexually transmitted viruses, 86
Shewhart chart, 274
Shorr staining, 62
short adrenergic neurons, 19
short tail syndrome, 71
slide warmer, 337
slow progressive spermatozoa, 46
SMI. See Sperm Motility Index
(SMI)
smooth muscles innervation, 19
solution effect mechanism, 221
solvent storage cabinet, 337
somatic Sertoli cell, 6
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spatulas, 336
specialized assays equipment
CASA instrument, 339
flow cytometer, 339
fluorescence microscope, 339
inverted microscope, 340
luminometer, 340
specimen identity verification,
295-6
cryobanking, 296
specimen processing and results,
295
sperm/spermatozoon/spermatozoa,
1, 2,5, 6, 194, 196, 202, 203,
210, 220
acrosome defects, 69
acrosome reaction, 27-8
testing, 159-62
agglutination, 44
aster, 29
axoneme, 10
binding to hyaluronan, 197-8
buffer, 203, 206
capacitation, 17, 27, 132
bicarbonate-buffered culture
medium, 203, 206
cytoplasm, 220
DNA, 13-14, 114-27
DNA damage, 10-13
DNA integrity, 10-13
dysfunction, 1
epididymal, 256-8
fertilizing ability test, 328
flagellum, 30, 131
freezing, 219-20
functional potential assessment,
143-5
fusion, 28
head
defects, 68-9, 135, 142
ideal morphology, 14
immotile, 90, 135
isthmic sperm reservoir, 25-6
kinematics, 131-3, 192
lipid peroxidation, 90
maturation, 16
as messenger cell, 10, 26, 29-30
midpiece defects, 69
motile, 185
neck defects, 69
nipple defect, 69
non-progressive, 46, 134
in oviductal ampulla, 26
passage through cervical mucus,
23-5
penetration meter device, 185
pinhead forms, 70
production, 6-10
progression grading, 323
protamines, 10-13

366 pyriform, 68
rapid progressive, 46, 48

selection and semen osmolarity
changes, 206
short tail syndrome, 71
slow progressive, 46
small round-head defect, 70
standardized methods for
handling, 21-3
sterilizing defects, 70-1
surgically retrieved specimens,
211
tail defects, 69-70
tapering, 68
testicular, 258-61
vitrification. See vitrification
zing, 19
sperm buffer, 203, 206
Sperm Chromatin Dispersion
(SCD) test, 124-7
calculations, 127
equipment, 125
materials, 125
principle, 124-5
procedure, 126-7
quality control, 127
reagents, 125-6
reference values, 127
results, 127
specimen, 125
values, 330
sperm chromatin structure assay
(SCSA), 115, 328-9
sperm concentration, 51-5
calculations, 54
CASA, 138, 141, 146
diluent for, 52
dilution, 53
ejaculate dilution, 51-2
equipment/materials, 52
interpretation guidelines, 54-5
low, 61
principle, 51-2
procedure, 53-4
quality control, 52-3
reagents, 52
results, 54
values, 320-1
cautionary note, 320
pre-requisites, 320
vitro significance, 321
vivo significance, 320-1
sperm count/number, 53, 54
DNA damage, 23
importance of, 22
to pregnancy, 22
values, 321-2
cautionary note, 321
pre-requisites, 321
vitro significance, 322
vivo significance, 321-2
wet preparation, 43
sperm function tests,
155-72

acrosome reaction testing,
159-62
Hyaluronan Binding Assay, 172
hyperactivation, 155-8
sperm survival assay, 169-72
sperm-zona pellucida binding
tests, 162-3
competitive, 166-8
hemizona assay, 163-6
indirect, 165-6
standardization, 166
values, 327-8
cautionary note, 327
sperm fertilizing ability, 328
vitro sperm-mucus interaction
tests, 328
vivo significance, 327
zona-free hamster egg
penetration test, 168-9
sperm hyperactivation, 27
assessment, 155-8
calculations, 158
calibration, 157
equipment, 157
interpretation guidelines, 158
materials, disposable, 157
principle, 155-6
procedure, 158
quality control, 158
reagents, 157
results, 158
specimen, 156
CASA, 139, 144-5, 155
spontaneous, 155, 156
sperm immobilization test (SIT), 81
sperm morphology, 58-73
abnormal, 66
artificial intelligence model for,
148-9
atypical, 14, 67-70
calculations, 72
CASA, 139, 142
defects, 68-70
equipment/materials, 71
evaluation, 63-73
extended, 192
ideal, 63, 66-7, 323-4
normal, 65
overview, 58-9
procedure, 71
quality control, 71
results, 72
segmentation in DL models,
148-9
smear fixation, 61
smear preparation, 60-1
smear staining, 61-3
stained smear, mounting of, 63
Teratozoospermia Index, 70, 72,
142, 324
Tygerberg Strict Criteria, 59, 66
typical, 63, 65
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sperm motility, 10, 21, 25, 130, 202
assessment, 46-51
calculations, 47, 49
calibration, 48
equipment, 47, 48, 50
interpretation guidelines, 47
materials, disposable, 48, 50
principle, 46, 48, 50
procedure, 47, 48-9, 50-1
quality control, 47, 48, 50
results, 47, 49
sperm survival assay, 171
using video display, 48-9
values, 322
video recording of, 50-1
wet preparation, 42-6
CASA, 135, 138-9, 142
categories, 46-8
direct swim-up from semen, 196,
213
hyperactivation. See sperm
hyperactivation
kinematic measures of, 131-3
pre-freeze/post-thaw, 225
specimen, 47
Trial Wash, 213
using traditional method vs.
CASA, 134
Sperm Motility Index (SMI), 171,
172
sperm mucus, 175-92
cervical mucus sampling, 176-7
complementary tests, 192
crossed-hostility test, 190-2
Kremer sperm penetration test,
185-8
Kurzrok-Miller test, 183-4
mucus quality assessment, 177-8
post-coital test, 175, 179-83
sperm-cervical mucus contact
test, 189-90

sperm penetration assay (SPA), 168

Sperm Penetration Test (SPT)
score, 188
calculation, 188
result, 188
sperm preparation, 194-214
absolute yield, 210
adherence-based methods, 197
approaches for, 195
bicarbonate-buffered culture
medium, 203, 206
cryopreserved specimens, 211
density gradient centrifugation,
195, 206-9
commercial, 200
hypertonic, 200
optimization of, 200-2
Pro-Insert device, 211, 212
selective washing using,
198-202, 199
dirty specimen, 210

by electrophoresis, 198
hyaluronan-bound spermatozoa
in ICSI, 197-8
infectious sample, 211-12
magnetically activated cell
sorting, 197
method, 202-3, 285-6
selection of, 213
microfluidics-based techniques,
196
migration-based technique, 195
migration-sedimentation
technique, 195
motility in, 194
multiple samples processing,
213-14, 214
Origio products for, 200
poor quality specimens, 211
PureSperm for, 200
qualitative aspects, 210
quantitative aspects, 209-10
relative yield, 210
retrograde ejaculation urine
specimen, 211
separation
devices, 196
by electrophoresis, 197
simple washing, 195
sperm suspension, 197
surgically-retrieved specimens,
211
swim-up technique
buffer, 203
direct from semen, 195, 196,
196-7, 202, 203-6
post-gradient, 202
from washed pellet, 197
Trial Wash, 212-13
viscous samples, 210
sperm progressive motility values,
322
cautionary note, 322
in-vitro significance, 322
in-vivo significance, 322
pre-requisites, 322
Sperm Quality Analyzer (SQA), 149
sperm survival assay, 169-72
calculations, 172
calibration, 171
contact materials testing, 171
culture media testing, 171
equipment, 170
interpretation guidelines, 172
materials, disposable, 170
principle, 169-70
procedure, 171
purposes, 169
quality control, 171
reagents, 170
results, 172
specimen, 170
sperm motility assessment, 171

Index

sperm vitality, 55-8
calculations, 57
CASA, 142-3
equipment/materials, 56
interpretation guidelines, 57
principle, 55
procedure, 56-7
purpose of, 55
quality control, 56
reagents, 56
results, 57
specimen, 56
values, 323
cautionary note, 323
pre-requisites, 323
vivo significance, 323
Spermac®, 62
spermatids, 7, 90
spermatocytes, 6, 90
spermatocytogenesis, 6
spermatogenesis, 7
definition, 6
efficiency, 14
impaired, 7, 8, 10-13
meiosis, 7
pleiomorphism, 14
preparation in embryonic stage, 6
process of, 6-7
semen analysis and, 6
in seminiferous tubules, 7-8
spermatocytogenesis, 6
spermiation, 7
spermiogenesis, 7, 8
stem cells, renewal of, 6
spermatogonia, 6, 90
spermatogonium A pale, 6
SpermBlue®, 62
sperm-cervical mucus contact
(SCMC) test, 189, 189-90
calculations, 190
equipment, 189
interpretation guidelines, 190
materials, disposable, 189
principle, 189
procedure, 190
quality control, 190
results, 190, 190
specimens, 189
spermiation, 7
spermiogenesis, 7, 8
SpermMar, 82, 84
sperm-zona binding ratio, 168
sperm-zona pellucida binding tests,
162-3
competitive, 166-8
hemizona assay, 163-6
indirect, 165-6
materials, 163
standardization, 166
spillage safety, 310
spinnbarkeit, 177
spotting plates, porcelain, 337
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staff safety, cryobanking, 296
stage micrometer, 337
standard operating procedures
(SOPs), 265, 294
static vapour phase cooling, 230
stem cells, renewal of, 6
sticking-to-glass phenomenon, 172
straight-line velocity (VSL), CASA,
132
straw, 230
fragility at, 232
sealing, 232
sperm vitrification, 234
spermatozoa in, 230
vs. cryovials, 232
swim-up technique, 195
direct from semen, 195, 196,
196-7, 202, 203-6
post-gradient, 202
sperm buffer, 203
from washed pellet, 197
sympathetic neurons, 19

tally counters, laboratory
equipment, 337-8
Teratozoospermia Index (TZI), 70,
72,142, 324
terminal deoxynucleotidyl
transferase (TdT), 116, 119
TESA. See testicular sperm
aspiration (TESA)
TESE. See testicular sperm
extraction (TESE)
testicular dysgenesis syndrome, 317
testicular interstitium, 10
testicular sperm aspiration (TESA),
256, 258
testicular sperm extraction (TESE),
256, 258
testicular spermatid, 7
testicular spermatozoa, 258-61
calculations and results, 260
calibration, 259
disposable materials, 259
equipment, 258
freezing, 260
principle, 258
quality control, 259
reagents, 259
specimen, 258
thawing, ICSI, 260
tissue processing, 259-60
testosterone, 10
thawing process, 218, 221, 230-1
fecundity rate, 232
thermometers, 337
top load balance, 335
Total Quality Management (TQM),
262, 263
training system, 270
expert and trainee
continuous variables, 271

discrete variables, 271
learning curve, 270
sperm morphology assessments
evaluation, 272
process, 272
step-by-step (slow and steady),
270-1
transition zone, 221
translocations, 23
tray agglutination test (TAT), 81
Trial Wash, sperm preparation,
212-13
Trichomonas, 45
TUNEL test, 115, 116-20, 329
brightfield microscopy, 118, 119
calculations, 119
equipment, 117
flow cytometry, 117-18, 119
fluorescence microscopy, 118,
119
materials, 117
principle, 116
procedures, 117-18
quality control, 120
reagents, 117
reference values, 119
results, 119
specimen, 116
twin pregnancy, 23
Tygerberg Strict Criteria, 59, 66
TZI. See Teratozoospermia Index
(TZ1)

ultra-rapid freezing, 230
urethral wall extension, 20
utero-tubal junction, 25-6
uterus, 25

vagina, 23, 25
validation framework
accuracy expectations and
medical laboratory tests, 284
semen examination method, 285
sperm preparation method/
sperm function test, 285-6
vapour phase cooling
mechanically assisted, 230
static, 230
vas deferens, 14, 17, 18, 77
vasectomy, semen examination
after, 76-7
calculations, 77
calibration, 77
equipment, 76
interpretation guidelines, 77
materials, disposable, 77
procedure, 77
quality control, 77
results, 77
specimen, 76
vertical laminar flow cabinet, 337
viable pregnancy, 115, 116

videomicrography system, 334
viral infections, 86-7
visotubes, 242
vitrification, 218-19, 220, 223-4,
230, 231
cooling/warming rate, 230
equilibrium, 218, 219
isomolar media, 231
kinetic, 218, 219
mechanisms for cell, 219
packaging devices for, 231
permeable cryoprotectant-free
sperm, 224
probability, 218
protocols, 224, 231
procedure, 240-1
reagents, 240, 241
warming procedure, 241, 242
straw, 234
vortex mixer, 338

waterbath, 338
West Nile virus (WNV), 251
wet preparation, 42-6
air bubbles, 43
calculations, 46
cells and debris, 44-6
definition, 42
equipment, 42, 43
evaluation of, 43-6
formation of, 42-3
materials, disposable, 42
principle, 42, 43
procedure, 43-6
results, 43-6
specimen, 43
sperm aggregation/agglutination,

sperm counting, 43

Wolfhian duct system, 18, 41, 42,
100, 103, 107

Workplace Hazardous Material
Information Scheme
(WHMIS), 307

World Health Organization,
laboratory safety rules,
307-8

worldwide accreditation
infrastructure, 269, 269-70

X chromosome, 6, 249, 250
XHT. See crossed-hostility test
(XHT)

Y chromosome, 6

Zika virus, 251
zinc
ejaculate biochemistry, 326
redistribution at ejaculation, 20
seminal fluid, 96-100
calculations, 100
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