
WHO laboratory manual for the
Examination and processing 
of human semen
FIFTH EDITION



WHO laboratory manual for the
Examination and processing 
of human semen
FIFTH EDITION



WHO Library Cataloguing-in-Publication Data

WHO laboratory manual for the examination and processing of human semen - 5th ed. 

Previous editions had different title : WHO laboratory manual for the examination of human 
semen and sperm-cervical mucus interaction.

1.Semen - chemistry. 2.Semen - laboratory manuals. 3.Spermatozoa - laboratory manuals. 
4.Sperm count.  5.Sperm-ovum interactions - laboratory manuals. 6.Laboratory techniques 
and procedures - standards. 7.Quality control.  I.World Health Organization.

ISBN 978 92 4 154778 9    (NLM classifi cation: QY 190)

© World Health Organization 2010

All rights reserved. Publications of the World Health Organization can be obtained from WHO Press, World 
Health Organization, 20 Avenue Appia, 1211 Geneva 27, Switzerland (tel.: +41 22 791 3264; fax: +41 22 791 
4857; e-mail: bookorders@who.int). Requests for permission to reproduce or translate WHO publications—
whether for sale or for noncommercial distribution—should be addressed to WHO Press, at the above address 
(fax: +41 22 791 4806; e-mail: permissions@who.int). 

The designations employed and the presentation of the material in this publication do not imply the expres-
sion of any opinion whatsoever on the part of the World Health Organization concerning the legal status of any 
country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. 
Dotted lines on maps represent approximate border lines for which there may not yet be full agreement.

The mention of specifi c companies or of certain manufacturers’ products does not imply that they are 
endorsed or recommended by the World Health Organization in preference to others of a similar nature that 
are not mentioned. Errors and omissions excepted, the names of proprietary products are distinguished by 
initial capital letters.

All reasonable precautions have been taken by the World Health Organization to verify the information con-
tained in this publication. However, the published material is being distributed without warranty of any kind, 
either expressed or implied. The responsibility for the interpretation and use of the material lies with the reader. 
In no event shall the World Health Organization be liable for damages arising from its use. 

Printed in Switzerland. 

Cover photo: courtesy of C. Brazil



iii

CONTENTS

Acknowledgements xi
Acronyms and abbreviations used in this manual xiii

 Chapter 1 Background 1
 1.1 Introduction 1
 1.2 The fi fth edition 1
 1.3 Scope of the manual 3

 PART I. SEMEN ANALYSIS 

 Chapter 2 Standard procedures 7

 2.1 Introduction 7
 2.2 Sample collection  10
 2.2.1 Preparation 10

2.2.2 Collection of semen for diagnostic or research purposes 11
 2.2.3 Sterile collection of semen for assisted reproduction 11
 2.2.4 Sterile collection of semen for microbiological analysis 11
 2.2.5 Collection of semen at home 12
 2.2.6 Collection of semen by condom 12
 2.2.7 Safe handling of specimens 13
 2.3 Initial macroscopic examination 13
 2.3.1 Liquefaction  13

2.3.2 Semen viscosity  14
 2.3.3 Appearance of the ejaculate  15
 2.3.4 Semen volume  15
 2.3.5 Semen pH  16
 2.4 Initial microscopic investigation  17
 2.4.1 Thorough mixing and representative sampling of semen 17

2.4.2 Making a wet preparation 18
 2.4.3 Aggregation of spermatozoa 19
 2.4.4 Agglutination of spermatozoa 19
 2.4.5 Cellular elements other than spermatozoa 21
 2.5 Sperm motility 21
 2.5.1 Categories of sperm movement 22

2.5.2 Preparing and assessing a sample for motility  22
 2.5.3 Worked examples 25
 2.5.4 Lower reference limit 26
 2.6 Sperm vitality 26
 2.6.1 Vitality test using eosin–nigrosin  27

2.6.2 Vitality test using eosin alone 29
 2.6.3 Vitality test using hypo-osmotic swelling 30
 2.7 Sperm numbers 32
 2.7.1 Types of counting chamber 34

2.7.2 The improved Neubauer haemocytometer 34
 2.7.3 Using the haemocytometer grid 35
 2.7.4 Care of the counting chamber 35
 2.7.5 Fixative for diluting semen 36
 2.7.6 Importance of counting suffi cient spermatozoa  36



iv

 2.8 Routine counting procedure  37
 2.8.1 Determining the required dilution  38

2.8.2 Preparing the dilutions and loading the haemocytometer chambers 39
 2.8.3 Assessing sperm numbers in the counting chambers 41
 2.8.4 Calculation of the concentration of spermatozoa in semen 43
 2.8.5 Worked examples 43
 2.8.6 Lower reference limit for sperm concentration 44
 2.8.7 Calculation of the total number of spermatozoa in the ejaculate 44
 2.8.8 Lower reference limit for total sperm number 44
 2.9 Low sperm numbers: cryptozoospermia and suspected azoospermia 45

2.10 When an accurate assessment of low sperm numbers is not required  45
 2.10.1 Taking no further action 45

2.10.2 Examination of centrifuged samples to detect spermatozoa  45
 2.10.3 Examination of non-centrifuged samples to detect motile spermatozoa  46
 2.11 When an accurate assessment of low sperm numbers is required  48
 2.11.1 Assessing low sperm numbers in the entire improved Neubauer chamber 

(phase-contrast microscopy) 48
 2.11.2 Assessing low sperm numbers in large-volume disposable chambers 
  (fl uorescence microscopy) 52
 2.12 Counting of cells other than spermatozoa 55
 2.12.1 Calculation of the concentration of round cells in semen 55 

2.12.2 Sensitivity of the method 56
 2.12.3 Worked examples 56
 2.13 Sperm morphology  56
 2.13.1 The concept of normal spermatozoa 57

2.13.2 Preparation of semen smears  58
 2.14 Staining methods 62
 2.14.1 Traditional fixation and sequential staining  62
 2.14.2 Papanicolaou staining procedure for sperm morphology 63
 2.14.3 Shorr staining procedure for sperm morphology 65
 2.14.4 Rapid staining procedure for sperm morphology 66
 2.15 Examining the stained preparation 67
 2.15.1 Classification of normal sperm morphology 67
 2.15.2 Classifi cation of abnormal sperm morphology  69
 2.16 Morphology plates 70

2.17 Analysing a sperm morphology smear 99
 2.17.1 Assessment of normal sperm morphology 99
 2.17.2 Worked examples 100
 2.17.3 Lower reference limit 100
 2.17.4 Assessment of abnormal sperm morphology 101
 2.17.5 Worked example  101
 2.17.6 Assessment of specifi c sperm defects 102
 2.18 Assessment of leukocytes in semen 102
 2.18.1 Staining cellular peroxidase using ortho-toluidine  103
 2.19 Assessment of immature germ cells in semen 107

2.20 Testing for antibody coating of spermatozoa  108
 2.20.1 The mixed antiglobulin reaction test  109

2.20.2 The direct immunobead test  111
 2.20.3 The indirect immunobead test  113



v

 Chapter 3 Optional procedures  115

 3.1 Indices of multiple sperm defects  115
 3.1.1 Calculation of indices of multiple morphological defects  115
 3.1.2 Worked example 116
 3.2 Panleukocyte (CD45) immunocytochemical staining 117
 3.2.1 Principle 117
 3.2.2 Reagents 118
 3.2.3 Procedure 118
 3.3 Interaction between spermatozoa and cervical mucus 122
 3.3.1 In-vivo (postcoital) test 122
 3.3.2 In-vitro tests 125
 3.3.3 In-vitro simplifi ed slide test 126
 3.3.4 Capillary tube test 127
 3.4 Biochemical assays for accessory sex organ function  130
 3.4.1 Measurement of zinc in seminal plasma  130

3.4.2 Measurement of fructose in seminal plasma 132
 3.4.3 Measurement of neutral �-glucosidase in seminal plasma 134
 3.5 Computer-aided sperm analysis  136
 3.5.1 Introduction 136

3.5.2 Use of CASA to assess sperm motility 137
 3.5.3 Use of CASA to estimate sperm concentration 140
 3.5.4 Computer-aided sperm morphometric assessment  140

 Chapter 4 Research procedures  142

 4.1 Reactive oxygen species  142
 4.1.1 Introduction 142

4.1.2 Measurement of reactive oxygen species generated by sperm suspensions 143
 4.2 Human sperm–oocyte interaction tests 146

4.3 Human zona pellucida binding tests  146
 4.4 Assessment of the acrosome reaction  147
 4.4.1 Procedure for the fluorescence assessment of acrosomal status 147
 4.4.2 Induced acrosome reaction assay 150
 4.5 Zona-free hamster oocyte penetration test  152
 4.5.1 Protocol  152
 4.6 Assessment of sperm chromatin  157

 PART II. SPERM PREPARATION 

 Chapter 5 Sperm preparation techniques 161

 5.1 Introduction 161
 5.1.1 When spermatozoa may need to be separated from seminal plasma 161

5.1.2 Choice of method 161
 5.1.3 Effi ciency of sperm separation from seminal plasma and infectious organisms 162
 5.2 General principles 162
 5.3 Simple washing 163
 5.3.1 Reagents 163
 5.3.2 Procedure 163
 5.4 Direct swim-up  164
 5.4.1 Reagents 164
 5.4.2 Procedure 164



vi

 5.5 Discontinuous density gradients 165
 5.5.1 Reagents 165
 5.5.2 Procedure 166
 5.6 Preparing HIV-infected semen samples  166

5.7 Preparing testicular and epididymal spermatozoa 167
 5.7.1 Enzymatic method 167
 5.7.2 Mechanical method 167
 5.7.3 Processing sperm suspensions for intracytoplasmic sperm injection 167
 5.8 Preparing retrograde ejaculation samples 168

5.9 Preparing assisted ejaculation samples  168

 Chapter 6 Cryopreservation of spermatozoa 169

 6.1 Introduction 169
 6.2 Semen cryopreservation protocols 172
 6.2.1 Standard procedure 172
 6.2.2 Modifi ed freezing protocols for oligozoospermia and surgically retrieved 
  spermatozoa 175
 6.2.3 Labelling of straws and records 176

 PART III. QUALITY ASSURANCE 

 Chapter 7 Quality assurance and quality control 179

 7.1 Controlling for quality in the andrology laboratory 179
 7.2 The nature of errors in semen analysis 179
 7.3 Minimizing statistical sampling error 180
 7.4 The quality assurance programme 182
 7.5 Laboratory procedures manual 182
 7.6 Internal quality control  182
 7.6.1 Purchased QC samples 183

7.6.2 Laboratory-made QC samples 183
 7.6.3 Stored samples (purchased or laboratory-made) 183
 7.6.4 Fresh QC samples (laboratory-made) 184
 7.7 Statistical procedures for analysing and reporting within- and 

 among-technician systematic errors 185
 7.7.1 The Xbar chart 185
 7.7.2 The S chart 188
 7.8 QC for percentages 189
 7.9 Assessing Xbar and S charts 189
 7.9.1 How to recognize out-of-control values 189

7.9.2 Causes of out-of-control values 190
 7.9.3 Responses to out-of-control values 191
 7.10 Statistical procedures for analysing and reporting among-technician 

variability 191
 7.10.1 Comparing results from two or more technicians 191

7.10.2 Monitoring monthly means 194
 7.11 External quality control and quality assurance  194
 7.11.1 Assessment of EQC results 196

7.11.2 Responses to out-of-control results 197
 7.12 Frequency and priority of quality control 197



vii

 7.13 Training 198
 7.13.1 Practical hints when experiencing difficulty assessing sperm concentration  198
 7.13.2 Practical hints when experiencing diffi culty assessing sperm morphology 200
 7.13.3 Practical hints when experiencing diffi culty assessing sperm motility 200
 7.13.4 Practical hints when experiencing diffi culty assessing sperm vitality  202

REFERENCES 205

APPENDICES 

Appendix 1 Reference values and semen nomenclature  223
 A1.1 Reference values  223
 A1.2 Nomenclature 225

Appendix 2 Equipment and safety 227
 A2.1 Basic supplies needed in an andrology laboratory 227
 A2.2 Potential biohazards in an andrology laboratory 230
 A2.3 Safety procedures for laboratory personnel 230
 A2.4 Safety procedures for laboratory equipment 232
 A2.5 Safety precautions when handling liquid nitrogen 233

Appendix 3 Microscopy 234
 A3.1 Loading the sample 234
 A3.2 Adjusting the oculars 236
 A3.3 Focusing the image 236
 A3.4 Focusing the oculars 236
 A3.5 Focusing the light condenser 236
 A3.6 Centring the condenser 237
 A3.7 Adjusting the phase rings 237
 A3.8 Fluorescence microscopy 237

Appendix 4 Stock solutions 238
 A4.1 Biggers, Whitten and Whittingham 238
 A4.2 Dulbecco’s phosphate-buffered saline 238
 A4.3 Earle’s medium 239
 A4.4 Ham’s F-10 medium 239
 A4.5 Hanks’ balanced salt solution 240
 A4.6 Human tubal fl uid 240
 A4.7 Krebs–Ringer medium 240
 A4.8 Tris-buffered saline 241
 A4.9 Tyrode’s solution 241
 A4.10 Papanicolaou stain 241

Appendix 5 Cervical mucus 245
 A5.1 Introduction 245
 A5.2 Collection and preservation of cervical mucus 246
 A5.3 Evaluation of cervical mucus 247

Appendix 6  Record forms for semen and cervical mucus analyses 251
 A6.1 Template for a semen analysis recording form 251
 A6.2 Template for a cervical mucus recording form 253



viii

Appendix 7 Sampling errors and quality control 254
 A7.1 Errors in measurement of sperm concentration  254 
 A7.2 The importance of understanding sampling errors  256
 A7.3 Errors in measurement of percentages 257
 A7.4 Production of semen samples for quality control  260
 A7.5 Preparation of a video-recording for internal quality control of analysis of 
  sperm motility 261
 A7.6 Preparation of diluted semen for internal quality control of determination 

 of sperm concentration  265
 A7.7 Preparation of slides for internal quality control of assessment of sperm 
  morphology 268
 A7.8 Calibration of equipment 269

Appendix 8 National external quality control programmes for semen analysis 271

FIGURES  

 Fig. 2.1 Variation in total number of spermatozoa and sperm concentration 
  over a one-and-a-half-year period 9
 Fig. 2.2 Non-specifi c aggregation of spermatozoa in semen 19
 Fig. 2.3 Schematic diagram of different extents of sperm agglutination  20
 Fig. 2.4 Aids to assessing sperm motility 24
 Fig. 2.5 Eosin–nigrosin smear observed in brightfi eld optics  28
 Fig. 2.6 Schematic representation of typical morphological changes of human 
  spermatozoa subjected to hypo-osmotic stress  32
 Fig. 2.7 The improved Neubauer haemocytometer  34
 Fig. 2.8 Which spermatozoa to count in the grid squares  36
 Fig. 2.9 Scanning the entire coverslip for the presence of motile spermatozoa 47
 Fig. 2.10 Morphologically “normal” spermatozoa 58
 Fig. 2.11 Semen smearing methods for sperm morphology  59
 Fig. 2.12 Preparing a normal semen smear  60
 Fig. 2.13 Schematic drawings of some abnormal forms of human spermatozoa 70
 Fig. 2.14 Peroxidase-positive and -negative cells in human semen 105
 Fig. 3.1 Leukocytes in semen 120
 Fig. 3.2 The Kremer sperm penetration meter 128
 Fig. 3.3 Standard terminology for variables measured by CASA systems  139
 Fig. 4.1 Chemiluminescence generated in response to opsonized zymosan treatment  145
 Fig. 4.2 Relative contributions made by leukocyte and sperm subpopulations to 
  the reactive-oxygen-generating capacity of the cell suspension 146
 Fig. 4.3 Fluorescent Pisum sativum agglutinin (PSA) staining of human spermatozoa 149
 Fig. 4.4 Phase-contrast micrograph of a zona-free hamster oocyte containing 
  human spermatozoa 157
 Fig. 7.1 An Xbar chart for sperm concentration 187
 Fig. 7.2 An S chart for sperm concentration  189
 Fig. 7.3 A Bland–Altman plot of manual and CASA estimates of percentage 

 progressive sperm motility  192
 Fig. 7.4 A Youden plot of estimates of the concentration of spermatozoa  193
 Fig. A2.1 Nomogram for reading relative centrifugal force (RCF) from rotor radius 

 and rotation speed 231
 Fig. A5.1 Examples of fern formation in cervical mucus air-dried on a glass slide 246
 Fig. A7.1 The acceptable differences between two replicate counts as a function 

 of the total number of spermatozoa assessed 255



ix

 Fig. A7.2 The acceptable differences between two replicate assessments of percentage as 
  a function of the true percentage and the total number of spermatozoa assessed  258
 Fig. A7.3 Aid to assessing sperm motility 263
 Fig. A7.4 View through an ocular with reticle (red grid) 264
 Fig. A7.5 View of the videotaped image of the stage micrometer on the monitor 
  and the drawn overlay 264

BOXES   

 Box 2.1 Confi rming the compatibility of semen collection vessels 11
 Box 2.2 Preparation of bromelain 14
 Box 2.3 Thorough mixing of semen 18
 Box 2.4 Depth of wet preparations 18
 Box 2.5 Errors in estimating percentages 24
 Box 2.6 Comparison of replicate percentages 25
 Box 2.7 Errors in estimating numbers 36
 Box 2.8 Achieving 200 spermatozoa per replicate in the central three grids of 
  the improved Neubauer chamber 38
 Box 2.9 Volume observed per high-power fi eld of a 20-�m-deep wet preparation  38
 Box 2.10 Comparison of replicate counts 42
 Box 2.11 Achieving 200 spermatozoa per replicate in all nine grids of the improved 
  Neubauer chamber 48
 Box 2.12 Achieving 200 spermatozoa per replicate in a 100-�m-deep, large-volume 
  disposable chamber 52
 Box 2.13 Volume observed per high-power fi eld in a 100-�m-deep, large-volume 

 disposable chamber  54
 Box 2.14 Mounting media 63
 Box 3.1 Preparation of a wax–petroleum jelly mixture 123
 Box 3.2 Volume observed per high-power fi eld in a 100-�m-deep mucus preparation  124
 Box 4.1 Induction of ovulation in hamsters 154
 Box 4.2 Preparation of glass pipettes 155
 Box 6.1 Reasons for cryopreservation of spermatozoa 170
 Box 6.2 Risk assessment of cryopreservation and storage of human semen 171
 Box 7.1 Terminology in quality assurance and quality control  180
 Box 7.2 Determining the values for the warning and action control limits of an Xbar chart 186
 Box 7.3 Alternative method for calculating the Xbar control limits from the pooled 
  standard deviation 187
 Box 7.4 Determining the values for the warning and action control limits of an S chart 188
 Box 7.5 Basic control rules for QC charts 190
 Box 7.6 Assessing systematic differences among technicians 195
 Box 7.7 Main features of IQC procedures 196
 Box 7.8 Time schedule for quality control 198
 Box 7.9 Summary of QC tests 198
 Box A2.1 Calculating centrifugal forces 230
 Box A3.1 The objective lens 235
 Box A5.1 Determining the volume of mucus collected  247
 Box A5.2 Volume observed per high-power fi eld in a 100-�m-deep mucus preparation  249



x

TABLES   

 Table 2.1 Acceptable differences between two percentages for a given average, 
  determined from replicate counts of 200 spermatozoa (total 400 counted) 25
 Table 2.2 Rounded sampling errors (%) according to total number of spermatozoa 
  counted 37
 Table 2.3 Semen dilutions required, how to make them, which chambers to use and potential 
  areas to assess 39
 Table 2.4 Acceptable differences between two replicate counts for a given sum 42
 Table 2.5 Acceptable differences between two counts for a given sum: low concentrations 50
 Table 2.6 Explanations used in commentaries to the morphological plates (1–14) 71
 Table 2.7 How much semen to use for an immunobead test 111
 Table 3.1 Calculation of indices of multiple sperm defects 116
 Table 3.2 Sperm defect indices for men from fertile and infertile couples 117
 Table 3.3 Rank order of sperm penetration density 129
 Table 3.4 Classifi cation of the capillary tube test results 129
 Table 7.1 Factors for determining control limits for Xbar charts and S charts based on
  the average standard deviation (Sbar) 186
 Table 7.2 Sources of variation (error) in assessing sperm concentration and proposed 
  solutions 199 
 Table 7.3 Sources of variation (error) in assessing sperm morphology and proposed 
  solutions 200
 Table 7.4 Sources of variation (error) in assessing sperm motility and proposed solutions 201
 Table 7.5 Sources of variation (error) in assessing sperm vitality and proposed solutions 202
 Table A1.1 Lower reference limits (5th centiles and their 95% confi dence intervals) 
  for semen characteristics 224
 Table A1.2 Distribution of values for semen parameters from men whose partners became
  pregnant within 12 months of discontinuing contraceptive use 225
 Table A1.3 Nomenclature related to semen quality 226
 Table A7.1 Acceptable differences between two replicate counts for a given sum  255
 Table A7.2 Acceptable differences between two percentages for a given average, 
  determined from replicate counts of 100 spermatozoa (total 200 counted) 259
 Table A7.3 Acceptable differences between two percentages for a given average,
  determined from replicate counts of 200 spermatozoa (total 400 counted) 259
 Table A7.4 Acceptable differences between two percentages for a given average, 
  determined from replicate counts of 400 spermatozoa (total 800 counted) 260



xi

Acknowledgements

This publication was produced by the UNDP/UNFPA/WHO/World Bank Special Programme of 
Research, Development and Research Training in Human Reproduction (HRP), WHO Depart-
ment of Reproductive Health and Research (RHR). The participation of the following individuals 
in the preparation and editing of this manual is gratefully acknowledged:

Editor-in-chief

Dr Trevor G Cooper
Centre of Reproductive Medicine and 
Andrology of the University,
Münster, Germany
(WHO Collaborating Centre
for Research in Male Reproduction)

Editorial team

Dr John Aitken
Biological Sciences
School of Life and Environmental Sciences
University Drive
Callaghan, New South Wales, Australia

Dr Jacques Auger
Service de Biologie de la Réproduction
Pavillon Cassini Hôpital Cochin
Paris, France

Dr HW Gordon Baker
University of Melbourne
Department of Obstetrics and
Gynaecology
Royal Women’s Hospital 
Carlton, Victoria, Australia

Dr Chris LR Barratt
Division of Maternal and
Child Health Sciences 
The Medical School
Ninewells Hospital
Dundee, Scotland

Dr Hermann M Behre
Centre for Reproductive
Medicine and Andrology
Martin-Luther-University
Halle, Germany

Dr Lars Björndahl
Andrology Centre, 
Karolinska University Hospital 
and Institute, 
Stockholm, Sweden

Ms Charlene Brazil
Center for Health and 
the Environment
University of California
Davis, CA, USA

Dr Christopher De Jonge
University of Minnesota
Reproductive Medicine Center
Minneapolis, MN, USA

Dr Gustavo F Doncel
CONRAD
Department of Obstetrics and
Gynecology Eastern Virginia 
Medical School
Norfolk, VA, USA

Dr Daniel Franken
Department of Obstetrics and
Gynaecology
Tygerberg Hospital
Tygerberg, South Africa

Dr Trine B Haugen
Faculty of Health Sciences
Oslo University College
Oslo, Norway

Dr Aucky Hinting
Andrology Unit, 
Department of Biomedicine
School of Medicine
Airlangga University,
Surabaya, Indonesia



xii

Mr Godwin E Imade
Department of Obstetrics and Gynaecology 
Faculty of Medical Sciences University of Jos
Jos, Nigeria

Dr Thinus F Kruger
Reproductive Biology Unit
Stellenbosch University
Tygerberg, South Africa

Dr Hesbon O Odongo
Department of Zoology 
University of Nairobi 
Nairobi, Kenya

Ms Elizabeth Noonan
Fred Hutchinson Cancer Research Center
Statistical Center for HIV/AIDS Research and 
Prevention
Seattle, WA, USA

Dr Steven M Schrader
National Institute for Occupational 
Safety and Health
Centers for Disease Control and Prevention
Cincinnati, OH, USA

Dr Christina CL Wang
Harbor-UCLA Medical Center
Torrance, CA, USA

Dr William Shu-Biu Yeung
Department of Obstetrics and Gynaecology
University of Hong Kong 
Hong Kong SAR, China

WHO Secretariat, 
Department of Reproductive Health 
and Research

Dr Kirsten M Vogelsong
Scientist 
Research Area Manager

Dr Sigrid von Eckardstein
Former Acting Research Area Manager

Dr Michael T Mbizvo
Director ad interim

Ms Maud Keizer
Secretary

Additional thanks go to: Ms Cathy Treece, Ms Charlene Tollner and Professor Jim Overstreet 
(University of California, Davis, CA, USA) for producing the morphology micrographs and 
checking the media; Dr Rune Eliasson (Sophiahemmet Hospital, Stockholm, Sweden) for help 
in defi ning non-sperm cells; Dr Timothy Farley (World Health Organization, Geneva, Switzer-
land) for review of the sections on quality control; and Dr Gary N Clarke (The Royal Women’s 
Hospital, Carlton, Australia), Dr Roelof Menkveld (Tygerberg Academic Hospital and University 
of Stellenbosch, Tygerberg, South Africa), and Professor Pieter Wranz (University of Stellen-
bosch, Tygerberg, South Africa) for providing additional information used in the compilation of 
the manual.

The fi nancial support of the International Society of Andrology is gratefully acknowledged.

This edition of the manual is dedicated to the memory of the late Geoffrey Waites (1928–2005), 
former manager of the WHO Task Force on Methods for the Regulation of Male Fertility and co-
editor of the second, third and fourth editions of this laboratory manual. The editorial commit-
tee’s devotion to its task was driven by its appreciation of Geoff’s honesty, fairness and concern 
for the underprivileged.



xiii

Acronyms and abbreviations used in this manual

Ab antibody
AI artifi cial insemination
AID artifi cial insemination with donor semen
AIH artifi cial insemination with husband’s semen
ALH amplitude of lateral head displacement
ANOVA analysis of variance
APAAP alkaline phosphatase–anti-alkaline phosphatase complex
AR acrosome-reacted 
ART assisted reproductive technology
ASA anti-sperm antibody
BAEE N-benzoyl-L-arginine ethyl ester
BCF beat-cross frequency (Hz)
BSA bovine serum albumin
BWW Biggers, Whitten and Whittingham
CASA computer-aided sperm analysis 
CASMA computer-aided sperm morphometric assessment
CBAVD congenital bilateral absence of the vas deferens
CD compact disk
CD cytoplasmic droplet
CD45 cluster of determination 45 (pan-leukocyte marker) 
CD46 cluster of determination 46 (acrosomal antigen)
CI confi dence interval
CL confi dence limits
CO2 carbon dioxide
DMSO dimethyl sulfoxide
DNA deoxyribonucleic acid
DPBS Dulbecco’s phosphate-buffered saline
DVD digital versatile disc
EDTA ethylenediamine tetra-acetic acid
EQA external quality assurance
EQC external quality control
ERC excess residual cytoplasm
FITC fl uorescein isothiocyanate
FMLP formyl-methionyl-leucyl-phenylalanine
GIFT gamete intrafallopian transfer
GPC glycerophosphocholine
H2O2 hydrogen peroxide
HBSS Hanks’ balanced salt solution
HBV hepatitis B virus
hCG human chorionic gonadotrophin
HCV hepatitis C virus
HIV human immunodefi ciency virus
HOP hamster oocyte penetration
HOS hypo-osmotic swelling 
HPF high-power fi eld 
HRP horseradish peroxidase



xiv

HSA human serum albumin
HTF human tubal fl uid
IB immunobead
IBT immunobead test
ICSI intracytoplasmic sperm injection
Ig immunoglobulin
IM immotility
IQC internal quality control
IU international unit
IUI intrauterine insemination
IVF in-vitro fertilization
KRM Krebs–Ringer Medium
LIN linearity 
LLQ lower limit of quantifi cation
LPF low-power fi eld 
MAD mean angular displacement
MAI multiple anomalies index
MAR mixed antiglobulin reaction
NA numerical aperture
NP non-progressive (motility)
PBS phosphate-buffered saline
PDCA plan, do, check, act
PMA phorbol 12-myristate 13-acetate
PMSG pregnant mare serum gonadotrophin
PNPG p-nitrophenol glucopyranoside
PR progressive (motility)
PSA Pisum sativum agglutinin
QA quality assurance
QC quality control
RCF relative centrifugal force
RI refractive index 
RNA ribonucleic acid
ROS reactive oxygen species
r.p.m. revolutions per minute
SD standard deviation
SDI sperm deformity index
SDS sodium dodecyl sulfate
SE standard error
SOP standard operating procedure
STR straightness (VSL/VAP)
TBS Tris-buffered saline
TGG Tyrode’s glucose glycerol
TZI teratozoospermia index
VAP average path velocity
VCL curvilinear velocity
VSL straight-line (rectilinear) velocity
WHO World Health Organization
WOB wobble (VAP/VCL)



1

CHAPTER 1  Background

1.1 Introduction

The WHO laboratory manual for the examination of human semen and sperm– 
cervical mucus interaction was fi rst published in 1980, in response to a growing 
need for the standardization of procedures for the examination of human semen. 
It has since been updated three times, and translated into a number of languages. 
Over the past 30 years, the manual has been recognized as providing global 
standards and has been used extensively by research and clinical laboratories 
throughout the world.

Despite this success, it has become apparent that some recommendations from 
previous editions of the manual needed to be revised in light of new evidence, and 
that some concepts needed more explanation and supporting evidence. Prompted 
by these considerations, WHO established an editorial committee to review all the 
methods described in the manual, with a view to endorsing, changing or updat-
ing them. In many instances, this proved diffi cult, as insuffi cient data had been 
obtained using the methods described in the manual. In some cases, single well-
accredited laboratories were obtaining consistent results, but these had not been 
confi rmed by others. For these situations, the editorial committee developed a 
consensus position after evaluating the pertinent literature.

Additional recommendations were received from technicians and scientists, nota-
bly regarding the need for more detail for many of the methods described. Lack of 
detail in previous editions has meant that some laboratories have preferred to use 
methods described elsewhere, or have developed their own versions of methods, 
while still claiming to perform semen analysis according to the WHO manual. In 
order to make global comparisons easier, this edition of the manual therefore 
includes much greater detail, and the rationale is explained when alternative meth-
ods of analysis are presented. It is recommended that, when reporting results in 
published articles, laboratories should indicate which specifi c method was used 
when they refer to this manual. 

1.2 The fi fth edition

The fi fth edition comprises three parts: semen analysis (Chapters 2–4), sperm 
preparation (Chapters 5 and 6) and quality assurance (Chapter 7). Part I, dealing 
with semen analysis, resembles that in previous editions, but is divided into three 
chapters: standard methods, which are robust routine procedures for determining 
semen quality; optional tests, which may be used in certain situations or by choice 
of the laboratory; and research tests, which are not currently regarded as routine. 
As semen culture is not normally performed in an andrology laboratory, this is 
mentioned only in the section on sterile collection of semen. The section on sperm 
preparation extends beyond the ejaculate to include spermatozoa obtained from 
the testis and epididymis. Interspersed with bulleted methodological instructions 
are Notes (explanations of methodology), Comments (interpretation of results) and 
Boxes (containing additional explanatory material).



2 CHAPTER 1   Background

The main features of this fi fth edition are outlined below.

� The chapters on semen analysis include details of all working solutions, proce-
dures, calculations and interpretation, so that any given methodology is essen-
tially complete, with minimal cross-referencing to other parts of the manual.

� The section on sperm preparation has been expanded, and a chapter on 
cryopreservation of spermatozoa has been added. Procedures related to the 
analysis of cervical mucus have been divided between the chapter on optional 
procedures and an appendix on characteristics of mucus.

� There are fewer appendices than in earlier editions, and they are restricted to 
specialized or only rarely needed information.

� Assessment of sperm numbers. The semen dilutions and the areas of the 
counting chamber used to assess the number of spermatozoa in a semen sam-
ple have been changed to allow 200 spermatozoa per replicate to be counted. 
The importance of sampling errors, and the certainty of the numerical results 
obtained, is emphasized. The editorial committee considered that total sperm 
number per ejaculate provides a more accurate assessment of testicular func-
tion than does sperm concentration, but for this semen volume has to be 
measured accurately.

� Assessment of azoospermia. Although superficially simple, the diagnosis of 
azoospermia is confounded by many factors, including large errors associ-
ated with counting few spermatozoa, the large number of microscopic fields 
to be analysed and difficulties in examining debris-laden sperm pellets. 
Recommended changes include examining fixed, uncentrifuged samples and 
indicating the sensitivity of the counting methods employed. However, cen-
trifugation methods necessary for accumulating sufficient numbers of cells 
for therapeutic procedures, and methods for the detection of motile sperma-
tozoa in unfixed samples for assessment of post-vasectomy semen, are also 
included.

� Assessment of sperm motility. A major change from previous editions is in the 
categorization of sperm motility. It is now recommended that spermatozoa 
should be categorized as progressively motile, non-progressively motile and 
immotile (instead of grades a, b, c or d).

� Assessment of sperm morphology. Some laboratories assess only normal 
forms, while others consider the type, location and extent of abnormality to be 
more important. Whether these or differential or semiquantitative assessments 
increase the value of semen analysis remains contentious. Evidence supporting 
the relationship between the percentage of normal forms (as defined by strict 
categorization or computer-aided assessment of morphology) and fertilization 
rates in vivo justifies trying to determine a morphologically distinct subpopu-
lation of spermatozoa within semen. In this edition, more and better-quality 
micrographs of spermatozoa considered normal and borderline are included, 
accompanied by explanations of why each spermatozoon has been classified 
the way it has. This should help in training technicians to categorize spermato-
zoa consistently. Recent data from a fertile population have allowed reference 
values for the percentage of morphologically normal forms to be given.
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� Quality control. This chapter has been completely rewritten. Rigorous quality 
assurance for semen analysis is necessary for analytical methods to be robust. 
Hints and suggestions are given on how to improve laboratory performance 
when quality control results are unsatisfactory.

� Reference ranges and reference limits. Data characterizing the semen quality 
of fertile men, whose partners had a time to pregnancy of 12 months or less, 
provided the reference ranges for this manual. Raw data from between about 
400 and 1900 semen samples, from recent fathers in eight countries on three 
continents, were used to generate the reference ranges. Conventional statisti-
cal tradition is to take the 2.5th centile from a two-sided reference interval as 
the threshold below which values may be considered to come from a differ-
ent population. However, a one-sided reference interval was considered to be 
more appropriate for semen, since high values of any parameter are unlikely 
to be detrimental to fertility. The 5th centile is given as the lower reference 
limit, and the complete distribution for each semen parameter is also given in 
Appendix 1.

1.3 Scope of the manual

The methods described here are intended as guidelines to improve the quality of 
semen analysis and comparability of results. They should not necessarily be taken 
as obligatory by local, national or global laboratory accreditation bodies. Semen 
analysis may be useful in both clinical and research settings, for investigating male 
fertility status as well as monitoring spermatogenesis during and following male 
fertility regulation.
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Semen analysis
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CHAPTER 2  Standard procedures

2.1 Introduction

During ejaculation, semen is produced from a concentrated suspension of sper-
matozoa, stored in the paired epididymides, mixed with, and diluted by, fl uid 
secretions from the accessory sex organs. It is emitted in several boluses. Com-
parison of pre- and post-vasectomy semen volumes reveals that about 90% of 
semen volume is made up of secretions from the accessory organs (Weiske, 
1994), mainly the prostate and seminal vesicles, with minor contributions from the 
bulbourethral (Cowper’s) glands and epididymides.

Semen has two major quantifi able attributes:

� the total number of spermatozoa: this reflects sperm production by the testes 
and the patency of the post-testicular duct system;

� the total fluid volume contributed by the various accessory glands: this reflects 
the secretory activity of the glands. 

The nature of the spermatozoa (their vitality, motility and morphology) and the 
composition of seminal fl uid are also important for sperm function.

During sexual intercourse, the initial, sperm-rich prostatic fraction of the ejacu-
lated semen may come into contact with cervical mucus extending into the vagina 
(Sobrero & MacLeod, 1962), with the rest of the fl uid remaining as a pool in the 
vagina. In contrast, in the laboratory setting, the entire ejaculate is collected in one 
container, where spermatozoa are trapped in a coagulum developed from proteins 
of seminal vesicular origin. This coagulum is subsequently liquefi ed by the action 
of prostatic proteases, during which time its osmolality rises (Björndahl & Kvist, 
2003; Cooper et al., 2005).

There is some evidence that the quality of semen specimens varies depending on 
how the ejaculate is produced. Ejaculates produced by masturbation and col-
lected into containers in a room near the laboratory can be of lower quality than 
those recovered from non-spermicidal condoms used during intercourse at home 
(Zavos & Goodpasture, 1989). This difference may refl ect a different form of sexual 
arousal, since the time spent producing a sample by masturbation—refl ecting 
the extent of seminal emission before ejaculation—also infl uences semen quality 
(Pound et al., 2002).

Under given conditions of collection, semen quality depends on factors that usu-
ally cannot be modifi ed, such as sperm production by the testes, accessory organ 
secretions and recent (particularly febrile) illness, as well as other factors, such as 
abstention time, that should be recorded and taken into account in interpreting the 
results.

The results of laboratory measurements of semen quality will depend on:

� Whether a complete sample is collected. During ejaculation the first semen 
fractions voided are mainly sperm-rich prostatic fluids, whereas later fractions 
are dominated by seminal vesicular fluid (Björndahl & Kvist, 2003). Therefore, 
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losing the first (sperm-rich) portion of the ejaculate has more influence on the 
results of semen analysis than does losing the last portion. 

� The activity of the accessory sex glands, the fluids of which dilute the concen-
trated epididymal spermatozoa at ejaculation (Eliasson, 2003). Sperm concen-
tration is not a direct measure of testicular sperm output, as it is influenced 
by the functioning of other reproductive organs; however, the total number of 
sperm ejaculated (sperm concentration multiplied by semen volume) is. For 
example, sperm concentrations in semen from young and old men may be the 
same, but total sperm numbers may differ, as both the volume of seminal fluid 
and total sperm output decrease with age, at least in some populations (Ng et 
al., 2004).

� The time since the last sexual activity. In the absence of ejaculation, sperma-
tozoa accumulate in the epididymides, then overflow into the urethra and are 
flushed out in urine (Cooper et al., 1993; De Jonge et al., 2004). Sperm vitality 
and chromatin are unaffected by increased length of abstinence (Tyler et al., 
1982b; De Jonge et al., 2004) unless epididymal function is disturbed (Correa-
Perez et al., 2004).

� The penultimate abstinence period. As the epididymides are not completely 
emptied by one ejaculation (Cooper et al., 1993), some spermatozoa remain 
from the time of the previous ejaculation. This influences the range of age and 
quality of spermatozoa in the ejaculate (Tyler et al., 1982a). The extent of this 
influence is difficult to ascertain and it is rarely taken into account.

� The size of the testis, which influences the total number of spermatozoa per 
ejaculate (Handelsman et al., 1984; WHO, 1987; Behre et al., 2000; Andersen et 
al., 2000). Testicular size reflects the level of spermatogenic activity, which also 
affects sperm morphology (Holstein et al., 2003).

Comment: The large biological variation in semen quality (Castilla et al., 2006) re-
fl ects the many factors listed above, and requires that all measurements on semen 
be precise. 

These variable, and largely uncontrollable, factors explain the well-known intra-
individual variation in semen composition (Baker & Kovacs, 1985; Alvarez et al., 
2003). Fig. 2.1 shows the variations over time in semen composition, as assessed 
by WHO-recommended methods, of fi ve healthy young volunteers participating 
in the placebo arm of a male hormonal contraception study. Such variablility has 
consequences for the interpretation of semen analyses:

� It is impossible to characterize a man’s semen quality from evaluation of a sin-
gle semen sample.

� It is helpful to examine two or three samples to obtain baseline data (Poland et 
al., 1985; Berman et al., 1996; Carlsen et al., 2004; Castilla et al., 2006; Keel, 
2006). 

While measurements made on the whole population of ejaculated spermatozoa 
cannot defi ne the fertilizing capacity of the few that reach the site of fertilization, 
semen analysis nevertheless provides essential information on the clinical status 
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of an individual. All aspects of semen collection and analysis must be done by 
properly standardized procedures if the results are to provide valid, useful infor-
mation. The tests described in this chapter are accepted procedures that consti-
tute the essential steps in semen evaluation. 

Fig. 2.1 Variation in total number of spermatozoa and sperm concentration over a one-and-a-half-year 
period
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Data courtesy of Schering Plough and Bayer Schering Pharma AG.

Semen analysis involves the following steps (which are described in detail in sub-
sequent sections). 

In the first 5 minutes:

� Placing the specimen container on the bench or in an incubator (37 °C) for 
liquefaction.

Between 30 and 60 minutes:

� Assessing liquefaction and appearance of the semen.

� Measuring semen volume.



10 PART I    Semen analysis

� Measuring semen pH (if required).

� Preparing a wet preparation for assessing microscopic appearance, sperm 
motility and the dilution required for assessing sperm number.

� Assessing sperm vitality (if the percentage of motile cells is low).

� Making semen smears for assessing sperm morphology.

� Making semen dilutions for assessing sperm concentration.

� Assessing sperm number. 

� Performing the mixed antiglobulin reaction (MAR) test (if required).

� Assessing peroxidase-positive cells (if round cells are present).

� Preparing spermatozoa for the immunobead test (if required).

� Centrifuging semen (if biochemical markers are to be assayed). 

Within 3 hours:

� Sending samples to the microbiology laboratory (if required).

After 4 hours: 

� Fixing, staining and assessing smears for sperm morphology.

Later on the same day (or on a subsequent day if samples are frozen):

� Assaying accessory gland markers (if required).

� Performing the indirect immunobead test (if required).

2.2 Sample collection 

2.2.1 Preparation

� The sample should be collected in a private room near the laboratory, in order 
to limit the exposure of the semen to fluctuations in temperature and to con-
trol the time between collection and analysis (see Sections 2.2.5 and 2.2.6 for 
exceptions).

� The sample should be collected after a minimum of 2 days and a maximum of 
7 days of sexual abstinence. If additional samples are required, the number of 
days of sexual abstinence should be as constant as possible at each visit.

� The man should be given clear written and spoken instructions concerning the 
collection of the semen sample. These should emphasize that the semen sam-
ple needs to be complete and that the man should report any loss of any frac-
tion of the sample. 

� The following information should be recorded on the report form (see 
Appendix 6, section A6.1): the man’s name, birth date and personal code 
number, the period of abstinence, the date and time of collection, the com-
pleteness of the sample, any difficulties in producing the sample, and the inter-
val between collection and the start of the semen analysis.
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2.2.2 Collection of semen for diagnostic or research purposes

� The sample should be obtained by masturbation and ejaculated into a clean, 
wide-mouthed container made of glass or plastic, from a batch that has been 
confirmed to be non-toxic for spermatozoa (see Box 2.1).

� The specimen container should be kept at ambient temperature, between 
20 °C and 37 °C, to avoid large changes in temperature that may affect the 
spermatozoa after they are ejaculated into it. It must be labelled with the man’s 
name and identification number, and the date and time of collection. 

� The specimen container is placed on the bench or in an incubator (37 °C) while 
the semen liquefies.

� Note in the report if the sample is incomplete, especially if the first, sperm-rich 
fraction may be missing. If the sample is incomplete, a second sample should 
be collected, again after an abstinence period of 2–7 days.

Box 2.1 Confi rming the compatibility of semen collection vessels

Select several semen samples with high sperm concentration and good sperm 
motility. Place half of each specimen in a container known to be non-toxic (control) 
and the other half in the container being tested. Assess sperm motility (see Sec-
tion 2.5) at hourly intervals in replicate at room temperature or at 37 °C for 4 hours. 
If there are no differences at each time point between control and test assessments 
(P>0.05 as judged by a paired t-test), the test containers can be considered to be 
non-toxic to spermatozoa and to meet semen collection requirements.

2.2.3 Sterile collection of semen for assisted reproduction

This is performed as for diagnostic collection (see Section 2.2.2) but the specimen 
containers, pipette tips and pipettes for mixing must be sterile.

2.2.4 Sterile collection of semen for microbiological analysis

In this situation, microbiological contamination from non-semen sources (e.g. 
commensal organisms from the skin) must be avoided. The specimen containers, 
pipette tips and pipettes for mixing must be sterile.

The man should:

� Pass urine.

� Wash hands and penis with soap, to reduce the risk of contamination of the 
specimen with commensal organisms from the skin.

� Rinse away the soap. 

� Dry hands and penis with a fresh disposable towel.

� Ejaculate into a sterile container.

Note: The time between collection of the semen sample and the start of the investi-
gation by the microbiological laboratory should not exceed 3 hours. 
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2.2.5 Collection of semen at home

� A sample may be collected at home in exceptional circumstances, such as a 
demonstrated inability to produce a sample by masturbation in the clinic or the 
lack of adequate facilities near the laboratory. 

� The man should be given clear written and spoken instructions concerning 
the collection and transport of the semen sample. These should emphasize 
that the semen sample needs to be complete, i.e. all the ejaculate is collected, 
including the first, sperm-rich portion, and that the man should report any loss 
of any fraction of the sample. It should be noted in the report if the sample is 
incomplete.

� The man should be given a pre-weighed container, labelled with his name and 
identification number. 

� The man should record the time of semen production and deliver the sample to 
the laboratory within 1 hour of collection. 

� During transport to the laboratory, the sample should be kept between 20 °C 
and 37 °C.

� The report should note that the sample was collected at home or another loca-
tion outside the laboratory.

2.2.6 Collection of semen by condom

� A sample may be collected in a condom during sexual intercourse only in 
exceptional circumstances, such as a demonstrated inability to produce a 
sample by masturbation. 

� Only special non-toxic condoms designed for semen collection should be 
used; such condoms are available commercially.

� The man should be given information from the manufacturer on how to use the 
condom, close it, and send or transport it to the laboratory.

� The man should record the time of semen production and deliver the sample to 
the laboratory within 1 hour of collection.

� During transport to the laboratory, the sample should be kept between 20 °C 
and 37 °C.

� The report should note that the sample was collected by means of a special 
condom during sexual intercourse at home or another location outside the 
laboratory. 

Note: Ordinary latex condoms must not be used for semen collection because they 
contain agents that interfere with the motility of spermatozoa (Jones et al., 1986). 

Comment 1: Coitus interruptus is not a reliable means of semen collection, 
because the fi rst portion of the ejaculate, which contains the highest number of 
spermatozoa, may be lost. Moreover, there may be cellular and bacteriological con-
tamination of the sample, and the low pH of the vaginal fl uid could adversely affect 
sperm motility.
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Comment 2: If a man cannot provide a semen sample, the postcoital test (see Sec-
tion 3.3.1) may provide some information about his spermatozoa.

2.2.7 Safe handling of specimens

Semen samples may contain dangerous infectious agents (e.g. human immu-
nodefi ciency virus (HIV), hepatitis viruses or herpes simplex virus) and should 
therefore be handled as a biohazard. If the sample is to be processed for bio-
assay, intra-uterine insemination (IUI), in-vitro fertilization (IVF) or intracytoplasmic 
sperm injection (ICSI) (see Section 5.1), or if semen culture is to be performed (see 
Section 2.2.4), sterile materials and techniques must be used. Safety guidelines 
as outlined in Appendix 2 should be strictly followed; good laboratory practice is 
fundamental to laboratory safety (WHO, 2004).

2.3 Initial macroscopic examination 

Semen analysis should begin with a simple inspection soon after liquefaction, 
preferably at 30 minutes, but no longer than 1 hour after ejaculation, to prevent 
dehydration or changes in temperature from affecting semen quality. 

2.3.1 Liquefaction 

Immediately after ejaculation into the collection vessel, semen is typically a semi-
solid coagulated mass. Within a few minutes at room temperature, the semen 
usually begins to liquefy (become thinner), at which time a heterogeneous mixture 
of lumps will be seen in the fl uid. As liquefaction continues, the semen becomes 
more homogeneous and quite watery, and in the fi nal stages only small areas of 
coagulation remain. The complete sample usually liquefi es within 15 minutes at 
room temperature, although rarely it may take up to 60 minutes or more. If com-
plete liquefaction does not occur within 60 minutes, this should be recorded. 
Semen samples collected at home or by condom will normally have liquefi ed by 
the time they arrive in the laboratory.

Normal liquefi ed semen samples may contain jelly-like granules (gelatinous bod-
ies) which do not liquefy; these do not appear to have any clinical signifi cance. 
The presence of mucus strands, however, may interfere with semen analysis. 

Note 1: Liquefaction can be recognized both macroscopically, as described above, 
and microscopically. Immobilized spermatozoa gain the ability to move as the se-
men liquefi es. If immobilized spermatozoa are observed on microscopic examina-
tion, more time must be allowed for the liquefaction process to be completed.

Note 2: During liquefaction, continuous gentle mixing or rotation of the sample 
container on a two-dimensional shaker, either at room temperature or in an incuba-
tor set at 37 °C, can help to produce a homogeneous sample.

Note 3: If the semen does not liquefy within 30 minutes, do not proceed with se-
men analysis but wait for another 30 minutes. If liquefaction has not occurred within 
60 minutes, proceed as in Section 2.3.1.1.
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2.3.1.1 Delayed liquefaction

Occasionally samples may not liquefy, making semen evaluation diffi cult. In these 
cases, additional treatment, mechanical mixing or enzymatic digestion may be 
necessary. 

1. Some samples can be induced to liquefy by the addition of an equal volume of 
physiological medium (e.g. Dulbecco’s phosphate-buffered saline; see Appen-
dix 4, section A4.2), followed by repeated pipetting.

2. Inhomogeneity can be reduced by repeated (6–10 times) gentle passage 
through a blunt gauge 18 (internal diameter 0.84 mm) or gauge 19 (internal 
diameter 0.69 mm) needle attached to a syringe.

3. Digestion by bromelain, a broad-specifi city proteolytic enzyme (EC 3.4.22.32), 
may help to promote liquefaction (see Box 2.2). 

Box 2.2 Preparation of bromelain

Prepare 10 IU/ml bromelain in Dulbecco’s phosphate-buffered saline (see Appen-
dix 4, section A4.2); it is diffi cult to dissolve but, with mixing, most should dissolve 
within 15–20 minutes. Dilute semen 1 + 1 (1:2) with the 10 IU/ml bromelain, stir with 
a pipette tip, and incubate at 37 °C for 10 minutes. Mix the sample well before 
further analysis. 

Comment: These treatments may affect seminal plasma biochemistry, sperm motil-
ity and sperm morphology, and their use must be recorded. The 1 + 1 (1:2) dilution 
of semen with bromelain must be accounted for when calculating sperm concentra-
tion.

2.3.2 Semen viscosity 

After liquefaction, the viscosity of the sample can be estimated by gently aspirat-
ing it into a wide-bore (approximately 1.5 mm diameter) plastic disposable pipette, 
allowing the semen to drop by gravity and observing the length of any thread. A 
normal sample leaves the pipette in small discrete drops. If viscosity is abnormal, 
the drop will form a thread more than 2 cm long. 

Alternatively, the viscosity can be evaluated by introducing a glass rod into the 
sample and observing the length of the thread that forms upon withdrawal of the 
rod. The viscosity should be recorded as abnormal when the thread exceeds 2 cm.

In contrast to a partially unliquefi ed sample, a viscous semen specimen exhib-
its homogeneous stickiness and its consistency will not change with time. High 
viscosity can be recognized by the elastic properties of the sample, which adheres 
strongly to itself when attempts are made to pipette it. The methods to reduce 
viscosity are the same as those for delayed liquefaction (see Section 2.3.1.1).
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Comment: High viscosity can interfere with determination of sperm motility, sperm 
concentration, detection of antibody-coated spermatozoa and measurement of 
biochemical markers. 

2.3.3 Appearance of the ejaculate 

A normal liquefi ed semen sample has a homogeneous, grey-opalescent appear-
ance. It may appear less opaque if the sperm concentration is very low; the colour 
may also be different, i.e. red-brown when red blood cells are present (haemo-
spermia), or yellow in a man with jaundice or taking certain vitamins or drugs.

2.3.4 Semen volume 

The volume of the ejaculate is contributed mainly by the seminal vesicles and 
prostate gland, with a small amount from the bulbourethral glands and epididy-
mides. Precise measurement of volume is essential in any evaluation of semen, 
because it allows the total number of spermatozoa and non-sperm cells in the 
ejaculate to be calculated. 

The volume is best measured by weighing the sample in the vessel in which it is 
collected. 

� Collect the sample in a pre-weighed, clean, disposable container.

� Weigh the vessel with semen in it.

� Subtract the weight of the container.

� Calculate the volume from the sample weight, assuming the density of semen 
to be 1 g/ml (Auger et al., 1995). (Semen density varies between 1.043 and 
1.102 g/ml (Huggins et al., 1942; Brazil et al., 2004a; Cooper et al., 2007).)

Note: Empty specimen containers may have different weights, so each container 
should be individually pre-weighed. The weight may be recorded on the container 
before it is given to the client. Use a permanent marker pen on the vessel itself or 
on a label. If a label is used for recording the weight, it should be attached before 
the empty container is weighed.

Alternatively, the volume can be measured directly.

� Collect the sample directly into a modifed graduated glass measuring cylinder 
with a wide mouth. These can be obtained commercially. 

� Read the volume directly from the graduations (0.1 ml accuracy).

Note: Measuring volume by aspirating the sample from the specimen container into 
a pipette or syringe, or decanting it into a measuring cylinder, is not recommended, 
because not all the sample will be retrieved and the volume will therefore be un-
derestimated. The volume lost can be between 0.3 and 0.9 ml (Brazil et al., 2004a; 
Iwamoto et al., 2006; Cooper et al., 2007). 
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Comment 1: Low semen volume is characteristic of obstruction of the ejaculatory 
duct or congenital bilateral absence of the vas deferens (CBAVD) (de la Taille et 
al., 1998; Daudin et al., 2000; von Eckardstein et al., 2000; Weiske et al., 2000), a 
condition in which the seminal vesicles are also poorly developed. 

Comment 2: Low semen volume can also be the result of collection problems (loss 
of a fraction of the ejaculate), partial retrograde ejaculation or androgen defi ciency.

Comment 3: High semen volume may refl ect active exudation in cases of active 
infl ammation of the accessory organs.

2.3.4.1 Lower reference limit 

The lower reference limit for semen volume is 1.5 ml (5th centile, 95% confi dence 
interval (CI) 1.4–1.7).

2.3.5 Semen pH 

The pH of semen refl ects the balance between the pH values of the different 
accessory gland secretions, mainly the alkaline seminal vesicular secretion and 
the acidic prostatic secretion. The pH should be measured after liquefaction at a 
uniform time, preferably after 30 minutes, but in any case within 1 hour of ejacula-
tion since it is infl uenced by the loss of CO2 that occurs after production.

For normal samples, pH paper in the range 6.0 to 10.0 should be used. 

� Mix the semen sample well (see Box 2.3).

� Spread a drop of semen evenly onto the pH paper.

� Wait for the colour of the impregnated zone to become uniform (<30 seconds).

� Compare the colour with the calibration strip to read the pH.

Note: The accuracy of the pH paper should be checked against known standards. 

For viscous samples, the pH of a small aliquot of the semen can be measured 
using a pH meter designed for measurement of viscous solutions (Haugen & Grot-
mol, 1998).

2.3.5.1 Reference values

There are currently few reference values for the pH of semen from fertile men. 
Pending more data, this manual retains the consensus value of 7.2 as a lower 
threshold value.
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Comment 1: If the pH is less than 7.0 in a semen sample with low volume and low 
sperm numbers, there may be ejaculatory duct obstruction or congenital bilateral 
absence of the vas deferens (de la Taille et al., 1998; Daudin et al., 2000; von Eck-
ardstein et al., 2000; Weiske et al., 2000), a condition in which seminal vesicles are 
also poorly developed. 

Comment 2: Semen pH increases with time, as natural buffering decreases, so high 
pH values may provide little clinically useful information. 

2.4 Initial microscopic investigation 

A phase-contrast microscope is recommended for all examinations of unstained 
preparations of fresh semen (see Appendix 3 for how to set up a microscope). An 
initial microscopic examination of the sample involves scanning the preparation at 
a total magnifi cation of ×100 (i.e. a combination of a ×10 objective lens with a ×10 
ocular lens). 

This provides an overview of the sample, to reveal: 

� mucus strand formation;

� sperm aggregation or agglutination;

� the presence of cells other than spermatozoa, e.g. epithelial cells, “round cells” 
(leukocytes and immature germ cells) and isolated sperm heads or tails. 

The preparation should then be observed at ×200 or ×400 total magnifi cation (i.e. 
a combination of a ×20 or a ×40 objective with a ×10 ocular). This permits:

� assessment of sperm motility (see Section 2.5);

� determination of the dilution required for accurate assessment of sperm 
number (see Section 2.8).

2.4.1 Thorough mixing and representative sampling of semen

The nature of the liquefi ed ejaculate makes taking a representative sample of 
semen for analysis problematical. If the sample is not well mixed, analysis of two 
separate aliquots may show marked differences in sperm motility, vitality, con-
centration and morphology. To be certain of obtaining reproducible data, the 
sample should be thoroughly mixed before aliquots are taken for assessment 
(see Box 2.3), and results for replicate aliquots should agree before the values are 
accepted. Agreement between replicates is determined for sperm numbers by 
the Poisson distribution (see Boxes 2.7 and 2.10, and Tables 2.4 and 2.5) and for 
percentages by the binomial distribution (see Boxes 2.5 and 2.6, and Table 2.1). 
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Box 2.3 Thorough mixing of semen

Before removing an aliquot of semen for assessment, mix the sample well in the 
original container, but not so vigorously that air bubbles are created. This can be 
achieved by aspirating the sample 10 times into a wide-bore (approximately 1.5 mm 
diameter) disposable plastic pipette (sterile when necessary). Do not mix with a 
vortex mixer at high speed as this will damage spermatozoa.

2.4.2 Making a wet preparation

� Mix the semen sample well (see Box 2.3).

� Remove an aliquot of semen immediately after mixing, allowing no time for the 
spermatozoa to settle out of suspension.

� Remix the semen sample before removing replicate aliquots.

The volume of semen and the dimensions of the coverslip must be standardized, 
so that the analyses are carried out on a preparation of fixed depth of about 20 �m
(see Box 2.4), which allows the spermatozoa to swim freely: 

� Place a standard volume of semen, e.g. 10 �l, onto a clean glass slide.

� Cover it with a coverslip, e.g. 22 mm × 22 mm for 10 �l, to provide a chamber 
approximately 20 �m deep (see Box 2.4). The weight of the coverslip spreads 
the sample.

� Take care to avoid the formation and trapping of air bubbles between the cov-
erslip and the slide. 

� Assess the freshly made wet preparation as soon as the contents are no longer 
drifting.

Box 2.4 Depth of wet preparations

The depth of a preparation (D,�m) is obtained by dividing the volume of the 
sample (V,�l = mm3) by the area over which it is spread (A, mm2): D = V/A. Thus, 
a volume of 10 �l of semen delivered onto a clean glass slide and covered with a 
22 mm × 22 mm coverslip (area 484 mm2) provides a chamber of depth of 20.7 �m;
a 6.5 �l sample covered with an 18 mm × 18 mm coverslip (area 324 mm2) provides 
a depth of 20.1 �m; an 11 �l sample covered by a 21 mm × 26 mm coverslip (area 
546 mm2) provides a depth of 20.1 �m. Occasionally, a deeper chamber may be 
required: a 40 �l sample covered by a 24 mm × 50 mm coverslip (area 1200 mm2)
provides a depth of 33.3 �m.

Note 1: A chamber depth of less than 20 �m constrains the rotational movement of 
spermatozoa (Le Lannou et al., 1992; Kraemer et al., 1998). 

Note 2: If the chamber is too deep, it will be diffi cult to assess spermatozoa as they 
move in and out of focus. 
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Note 3: If the number of spermatozoa per visual field varies considerably, the 
sample is not homogeneous. In such cases, the semen sample should be mixed 
again thoroughly (see Box 2.3) and a new slide prepared as above. 

Note 4: Lack of homogeneity may also result from abnormal consistency, abnormal 
liquefaction (see Section 2.3.1), aggregation of spermatozoa (see Section 2.4.3) or 
sperm agglutination (see Section 2.4.4). 

2.4.3 Aggregation of spermatozoa

The adherence either of immotile spermatozoa to each other or of motile sper-
matozoa to mucus strands, non-sperm cells or debris is considered to be non-
specific aggregation (Fig. 2.2) and should be recorded as such. 

Fig. 2.2 Non-specific aggregation of spermatozoa in semen 

Views of spermatozoa aggregated with an epithelial cell (a), debris (b) or spermatozoa (c, d). 

Micrographs courtesy of C Brazil.

2.4.4 Agglutination of spermatozoa

Agglutination specifi cally refers to motile spermatozoa sticking to each other, 
head-to-head, tail-to-tail or in a mixed way. The motility is often vigorous with a 
frantic shaking motion, but sometimes the spermatozoa are so agglutinated that 
their motion is limited. Any motile spermatozoa that stick to each other by their 
heads, tails or midpieces should be noted. 

The major type of agglutination (refl ecting the degree (grades 1–4) and the site of 
attachment (grades A–E) should be recorded (Rose et al., 1976) (see Fig. 2.3): 

� grade 1: isolated  <10 spermatozoa per agglutinate, many free
    spermatozoa

� grade 2: moderate 10–50 spermatozoa per agglutinate, free
    spermatozoa

� grade 3: large  agglutinates of >50 spermatozoa, some spermatozoa
    still free

� grade 4: gross  all spermatozoa agglutinated and agglutinates
    interconnected

a b c d
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Note: Motile spermatozoa stuck to cells or debris or immotile spermatozoa stuck to 
each other (aggregation) should not be scored as agglutination.

Fig. 2.3 Schematic diagram of different extents of sperm agglutination

Reproduced from Rose et al. (1976) by permission of Wiley-Blackwell.

Parts involved

Degree of agglutination

1. Isolated 
(<10 sperm/
agglutinate, 
many free 
sperm)

2. Moderate 
(10–50 sperm/
agglutinate, 
free sperm)

3. Large (aggluti-
nates >50 sperm, 
some sperm still 
free)

4. Gross (all 
sperm agglu-
tinated, and 
agglutinates 
interconnec-
ted)

A. Head-to-head

B. Tail-to-tail (heads 
are seen to be free and 
move clear of aggluti-
nates)

C. Tail-tip-to-tail-tip

D. Mixed (clear head-
to-head and tail-to-tail 
agglutinations)

E. Tangle (heads and 
tails enmeshed. Heads 
are not clear of aggluti-
nates as they are in tail-
to-tail agglutination)
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Comment 1: The presence of agglutination is not suffi cient evidence to deduce an 
immunological cause of infertility, but is suggestive of the presence of anti-sperm 
antibodies; further testing is required (see Section 2.20). 

Comment 2: Severe agglutination can affect the assessment of sperm motility and 
concentration.

2.4.5 Cellular elements other than spermatozoa

The ejaculate contains cells other than spermatozoa, some of which may be 
clinically relevant. These include epithelial cells from the genitourinary tract, as 
well as leukocytes and immature germ cells, the latter two collectively referred 
to as “round cells” (Johanisson et al., 2000). They can be identified by examin-
ing a stained smear at ×1000 magnifi cation (see Section 2.12, Plates 13 and 14, 
and Section 2.19). These cells can be more precisely identifi ed and quantifi ed by 
detecting peroxidase activity (see Section 2.18) or the antigen CD45 (see Section 
3.2). Their concentration can be estimated as for spermatozoa, from wet prepara-
tions (see Section 2.18.1.5) or from the ratio of these cells to the number of sper-
matozoa on the stained smear and the sperm concentration (see Section 2.12.1).

2.5 Sperm motility 

The extent of progressive sperm motility (see Section 2.5.1) is related to pregnancy 
rates (Jouannet et al., 1988; Larsen et al., 2000; Zinaman et al., 2000). Methods 
of motility assessment involving computer-aided sperm analysis (CASA) are 
described in Section 3.5.2.

Sperm motility within semen should be assessed as soon as possible after liq-
uefaction of the sample, preferably at 30 minutes, but in any case within 1 hour, 
following ejaculation, to limit the deleterious effects of dehydration, pH or changes 
in temperature on motility. 

� Mix the semen sample well (see Box 2.3). 

� Remove an aliquot of semen immediately after mixing, allowing no time for the 
spermatozoa to settle out of suspension.

� Remix the semen sample before removing a replicate aliquot.

� For each replicate, prepare a wet preparation approximately 20 �m deep (see 
Section 2.4.2).

� Wait for the sample to stop drifting (within 60 seconds).

� Examine the slide with phase-contrast optics at ×200 or ×400 magnification.

� Assess approximately 200 spermatozoa per replicate for the percentage of dif-
ferent motile categories.

� Compare the replicate values to check if they are acceptably close. If so, pro-
ceed with calculations; if not, prepare new samples.
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Note 1: The procedure may be performed at room temperature or at 37 °C with a 
heated microscope stage, but should be standardized for each laboratory. If sperm 
motility is to be assessed at 37 °C, the sample should be incubated at this temper-
ature and the preparation made with prewarmed slides and coverslips. 

Note 2: The use of an eyepiece reticle with grid (see Fig. 2.4a) is recommended to 
limit the area viewed; this allows the same area of the slide to be assessed dur-
ing both stages of scoring. Assess progressive motility fi rst, then non-progressive 
motility and immotility (see Section 2.5.1). Limiting the area, and thus the number of 
spermatozoa assessed, ensures that several areas of the preparation are examined 
for motility.

2.5.1 Categories of sperm movement

A simple system for grading motility is recommended that distinguishes spermato-
zoa with progressive or non-progressive motility from those that are immotile. The 
motility of each spermatozoon is graded as follows: 

� Progressive motility (PR): spermatozoa moving actively, either linearly or in a 
large circle, regardless of speed.

� Non-progressive motility (NP): all other patterns of motility with an absence of 
progression, e.g. swimming in small circles, the flagellar force hardly displacing 
the head, or when only a flagellar beat can be observed.

� Immotility (IM): no movement.

Comment 1: The previous edition of this manual recommended that progres-
sively motile spermatozoa should be categorized as rapid or slow, with a speed 
of >25 �m/sec at 37 °C defi ning “grade a” spermatozoa. However, it is diffi cult for 
technicians to defi ne the forward progression so accurately without bias (Cooper & 
Yeung, 2006). 

Comment 2: When discussing sperm motility, it is important to specify total motility 
(PR +  NP) or progressive motility (PR).

2.5.2 Preparing and assessing a sample for motility 

� If motility is to be assessed at 37 °C, turn the stage warmer on 10 minutes in 
advance, to allow the temperature to stabilize.

� Prepare a wet preparation 20 �m deep (see Section 2.4.2).

� Examine the slide with phase-contrast optics at ×200 or ×400 magnification.

� Wait for the sample to stop drifting.

� Look for spermatozoa in an area at least 5 mm from the edge of the coverslip 
(see Fig. 2.4b), to prevent observation of effects of drying on motility.



23CHAPTER 2   Standard procedures

� Systematically scan the slide to avoid repeatedly viewing the same area. 
Change fields often. Avoid choosing fields on the basis of the number of motile 
sperm seen (field choice should be random).

� Start scoring a given field at a random instant. Do not wait for spermatozoa to 
swim into the field or grid to begin scoring.

� Assess the motility of all spermatozoa within a defined area of the field. This 
is most easily achieved by using an eyepiece reticle (see Fig. 2.4a). Select the 
portion of the field or grid to be scored from the sperm concentration, i.e. score 
only the top row of the grid if the sperm concentration is high; score the entire 
grid if the sperm concentration is low.

� Scan and count quickly to avoid overestimating the number of motile sperm-
atozoa. The goal is to count all motile spermatozoa in the grid section instantly; 
avoid counting both those present initially plus those that swim into the 
grid section during scoring, which would bias the result in favour of motile 
spermatozoa.

� Initially scan the grid section being scored for PR cells (see Section 2.5.1). 
Next count NP spermatozoa and finally IM spermatozoa in the same grid sec-
tion. With experience, it may be possible to score all three categories of sperm 
movement at one time, and to score larger areas of the grid.

� Tally the number of spermatozoa in each motility category with the aid of a 
laboratory counter.

� Evaluate at least 200 spermatozoa in a total of at least five fields in each repli-
cate, in order to achieve an acceptably low sampling error (see Box 2.5).

� Calculate the average percentage and difference between the two percent-
ages for the most frequent motility grade (PR, NP or IM) in the replicate wet 
preparations. 

� Determine the acceptability of the difference from Table 2.1 or Fig. A7.2, 
Appendix 7. (Each shows the maximum difference between two percentages 
that is expected to occur in 95% of samples because of sampling error alone.)

� If the difference between the percentages is acceptable, report the average 
percentage for each motility grade (PR, NP and IM). If the difference is too 
high, take two new aliquots from the semen sample, make two new prepara-
tions and repeat the assessment (see Box 2.6). 

� Report the average percentage for each motility grade to the nearest whole 
number.

Note 1: Assess only intact spermatozoa (defi ned as having a head and a tail; see 
Section 2.7.3), since only intact spermatozoa are counted for sperm concentration. 
Do not count motile pinheads.
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Note 2: If spermatozoa are being scored in two stages (i.e. PR fi rst, followed by NP 
and IM from the same area) and a count of 200 spermatozoa is achieved before 
all motility categories from that area have been scored, counting must continue 
beyond 200 spermatozoa until all categories have been counted, in order to avoid 
bias towards the motility category scored fi rst.

Note 3: It is common to overestimate sperm motility, but this can often be avoided 
by reversing the order of analysis (NP and IM fi rst), using an eyepiece reticle, and 
being aware of, and avoiding, to the extent possible, potential sources of bias (see 
Section 7.13.3).

Note 4: On rare occasions, with inhomogeneous samples, even a third set of repli-
cates may provide unacceptable differences. In this case, calculate the mean of all 
replicates and note this in the report.

Fig. 2.4 Aids to assessing sperm motility

(a) An eyepiece reticle makes it easier to count motile and immotile spermatozoa. (b) Systematic 
selection of fi elds for assessment of sperm motility, at least 5 mm from the edges of the coverslip.

(a) (b)
>5 mm

Box 2.5 Errors in estimating percentages

How certain your estimate of a percentage is depends not only on the number (N) of 
spermatozoa counted but also on the true, but unknown, percentage (p) (binomial 
distribution). The approximate standard error (SE) is �((p(100–p))/N) for percentages 
between 20 and 80. Outside this range, a more appropriate method to use is the 
angular transformation (arc sin square root), z = sin–1�(p/100), with a standard devia-
tion of 1/(2�N) radians, which depends only on the number of spermatozoa counted 
and not the true percentage.
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Box 2.6 Comparison of replicate percentages

Percentages should be rounded to the nearest whole number. The convention is to 
round 0.5% to the nearest even number, e.g. 32.5% is rounded down to 32% but 3.5% 
is rounded up to 4%. Note that the rounded percentages may not add up to 100%.

If the difference between the replicate percentages is less than or equal to that indi-
cated in Table 2.1 for the given average, the estimates are accepted and the average 
is taken as the result.

Larger than acceptable differences suggest that there has been miscounting or err-
ors of pipetting, or that the cells were not mixed well, with non-random distribution 
in the chamber or on the slide. 

When the difference between percentages is greater than acceptable, discard the 
fi rst two values and reassess. (Do not count a third sample and take the mean of the 
three values, or take the mean of the two closest values.) 

For estimates of sperm motility, or vitality by eosin alone and for the hypo-osmotic 
swelling (HOS) test, prepare fresh replicates from new aliquots of semen. For esti-
mates of vitality from eosin–nigrosin smears and sperm morphology, reassess the 
slides in replicate. 

With these 95% CI cut-off values, approximately 5% of replicates will be outside the 
limits by chance alone (see Appendix 7, section A7.3). Exact binomial confi dence 
limits can now be computer-generated, and these are used in this manual for the 
graphs and tables provided to assess agreement of replicates.

2.5.3 Worked examples

Example 1. Sperm motility estimates in replicate counts of 200 spermatozoa are: 
progressive, 30% and 50%; non-progressive, 5% and 15%; immotile, 65% and 

Table 2.1 Acceptable differences between two percentages for a given average, determined from 
replicate counts of 200 spermatozoa (total 400 counted)

Average (%)
Acceptable
Difference*

Average (%)
Acceptable
Difference*

0 1 66–76 9

1 2 77–83 8

2 3 84–88 7

3–4 4 89–92 6

5–7 5 93–95 5

8–11 6 96–97 4

12–16 7 98 3

17–23 8 99 2

24–34 9 100 1

35–65 10

*Based on the rounded 95% confi dence interval.
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35%. The most common category is immotile, with an average of 50% and a dif-
ference of 30%. From Table 2.1, it is seen that for an average of 50%, a difference 
of up to 10% would be expected to occur by chance alone. As the observed dif-
ference exceeds this, the results are discarded and two fresh slides are prepared 
and the sperm motility re-estimated. 

Example 2. Sperm motility estimates in replicate counts of 200 spermatozoa are: 
progressive, 37% and 28%; non-progressive, 3% and 6%; immotile 60% and 
66%. The most common category is immotile, with an average of 63% and a dif-
ference of 6%. From Table 2.1, it is seen that for an average of 63%, a difference 
of up to 10% would be expected to occur by chance alone. As the observed dif-
ference is less than this, the results are accepted and the mean values reported: 
PR 32%, NP 4%, IM 63%.

2.5.4 Lower reference limit 

The lower reference limit for total motility (PR + NP) is 40% (5th centile, 95% CI 
38–42).

The lower reference limit for progressive motility (PR) is 32% (5th centile, 95% CI 
31–34).

Comment: The total number of progressively motile spermatozoa in the ejaculate 
is of biological signifi cance. This is obtained by multiplying the total number of 
spermatozoa in the ejaculate (see Section 2.8.7) by the percentage of progressively 
motile cells.

2.6 Sperm vitality 

Sperm vitality, as estimated by assessing the membrane integrity of the cells, may 
be determined routinely on all samples, but is especially important for samples 
with less than about 40% progressively motile spermatozoa. This test can provide 
a check on the motility evaluation, since the percentage of dead cells should not 
exceed (within sampling error) the percentage of immotile spermatozoa. The per-
centage of viable cells normally exceeds that of motile cells.

The percentage of live spermatozoa is assessed by identifying those with an intact 
cell membrane, from dye exclusion or by hypotonic swelling. The dye exclusion 
method is based on the principle that damaged plasma membranes, such as 
those found in non-vital (dead) cells, allow entry of membrane-impermeant stains. 
The hypo-osmotic swelling test presumes that only cells with intact membranes 
(live cells) will swell in hypotonic solutions. Examples of each test are described 
below. 

Sperm vitality should be assessed as soon as possible after liquefaction of the 
semen sample, preferably at 30 minutes, but in any case within 1 hour of ejacula-
tion, to prevent observation of deleterious effects of dehydration or of changes in 
temperature on vitality.
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Comment 1: It is clinically important to know whether immotile spermatozoa are 
alive or dead. Vitality results should be assessed in conjunction with motility results 
from the same semen sample.

Comment 2: The presence of a large proportion of vital but immotile cells may be 
indicative of structural defects in the fl agellum (Chemes & Rawe, 2003); a high per-
centage of immotile and non-viable cells (necrozoospermia) may indicate epididy-
mal pathology (Wilton et al., 1988; Correa-Perez et al., 2004).

2.6.1 Vitality test using eosin–nigrosin 

This one-step staining technique uses nigrosin to increase the contrast between 
the background and the sperm heads, which makes them easier to discern. It also 
permits slides to be stored for re-evaluation and quality-control purposes (Björn-
dahl et al., 2003).

2.6.1.1 Preparing the reagents 

1. Eosin Y: dissolve 0.67 g of eosin Y (colour index 45380) and 0.9 g of sodium 
chloride (NaCl) in 100 ml of purifi ed water with gentle heating.

2. Eosin–nigrosin: add 10 g of nigrosin (colour index 50420) to the 100 ml of eosin 
Y solution.

3. Boil the suspension, then allow to cool to room temperature.

4. Filter through fi lter paper (e.g. 90 g/m2) to remove coarse and gelatinous pre-
cipitates and store in a sealed dark-glass bottle.

2.6.1.2 Procedure

1. Mix the semen sample well (see Box 2.3).

2. Remove a 50-�l aliquot of semen and mix with an equal volume of eosin–
nigrosin suspension, e.g. in a porcelain spot plate well or test-tube, and wait for 
30 seconds.

3. Remix the semen sample before removing a replicate aliquot and mixing with 
eosin–nigrosin and treating as in step 2 above.

4. For each suspension make a smear on a glass slide (see Section 2.13.2) and 
allow it to dry in air. 

5. Examine immediately after drying, or later after mounting with a permanent 
non-aqueous mounting medium (see Section 2.14.2.5).

6. Examine each slide with brightfi eld optics at ×1000 magnifi cation and oil 
immersion.

7. Tally the number of stained (dead) or unstained (vital) cells with the aid of a 
laboratory counter.
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8. Evaluate 200 spermatozoa in each replicate, in order to achieve an acceptably 
low sampling error (see Box 2.5).

9. Calculate the average and difference of the two percentages of vital cells from 
the replicate slides.

10. Determine the acceptability of the difference from Table 2.1 or Fig. A7.2, 
Appendix 7. (Each shows the maximum difference between two percentages 
that is expected to occur in 95% of samples because of sampling error alone.)

11. If the difference between the percentages is acceptable, report the average 
percentage of vital spermatozoa. If the difference is too high, make two new 
preparations from two fresh aliquots of the semen sample and repeat the 
assessment (see Box 2.6).

12. Report the average percentage of vital spermatozoa to the nearest whole 
number.

Fig. 2.5 Eosin–nigrosin smear observed in brightfi eld optics 

Spermatozoa with red (D1) or dark pink (D2) heads are considered dead (membrane-damaged), 
whereas spermatozoa with white heads (L) or light pink heads are considered alive (membrane-
intact). 

Micrograph courtesy of TG Cooper. 

2.6.1.3 Scoring

1. The nigrosin provides a dark background that makes it easier to discern faintly 
stained spermatozoa.
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2. With brightfi eld optics, live spermatozoa have white heads and dead sperma-
tozoa have heads that are stained red or dark pink (see Fig. 2.5). Spermatozoa 
with a faint pink head are assessed as alive.

3. If the stain is limited to only a part of the neck region, and the rest of the head 
area is unstained, this is considered a “leaky neck membrane”, not a sign of 
cell death and total membrane disintegration. These cells should be assessed 
as alive.

2.6.1.4 Lower reference limit 

The lower reference limit for vitality (membrane-intact spermatozoa) is 58% 
(5th centile, 95% CI 55–63).

Comment: The total number of membrane-intact spermatozoa in the ejaculate is of 
biological signifi cance. This is obtained by multiplying the total number of sperma-
tozoa in the ejaculate (see Section 2.8.7) by the percentage of membrane-intact 
cells.

2.6.2 Vitality test using eosin alone

This method is simple and rapid, but the wet preparations cannot be stored for 
quality control purposes.

2.6.2.1 Preparing the reagents 

1. NaCl, 0.9% (w/v): dissolve 0.9 g of NaCl in 100 ml purifi ed water.

2. Eosin Y, 0.5% (w/v): dissolve 0.5 g of eosin Y (colour index 45380) in 100 ml of 
0.9% NaCl.

Note: Some commercially available eosin solutions are hypotonic aqueous solu-
tions that will stress the spermatozoa and give false-positive results (Björndahl et 
al., 2004). If using such a solution, add 0.9 g of NaCl to 100 ml of solution to raise 
the osmolality. 

2.6.2.2 Procedure

1. Mix the semen sample well (see Box 2.3). 

2. Remove an aliquot of 5 �l of semen and combine with 5 �l of eosin solution on 
a microscope slide. Mix with a pipette tip, swirling the sample on the slide.

3. Cover with a 22 mm × 22 mm coverslip and leave for 30 seconds.

4. Remix the semen sample, remove a replicate aliquot, mix with eosin and treat 
as in steps 2 and 3 above.

5. Examine each slide, preferably with negative-phase-contrast optics (positive-
phase-contrast makes faint pink heads diffi cult to discern) at ×200 or ×400 
magnifi cation.
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6. Tally the number of stained (dead) and unstained (vital) cells with the aid of a 
laboratory counter. 

7. Evaluate 200 spermatozoa in each replicate, in order to achieve an acceptably 
low sampling error (see Box 2.5). 

8. Calculate the average and difference of the two percentages of vital cells from 
the replicate preparations.

9. Determine the acceptability of the difference from Table 2.1 or Fig. A7.2, 
Appendix 7. (Each shows the maximum difference between two percentages 
that is expected to occur in 95% of samples because of sampling error alone.)

10. If the difference between the percentages is acceptable, report the average 
percentage vitality. If the difference is too high, make two new preparations 
from two new aliquots of semen and repeat the assessment (see Box 2.6).

11. Report the average percentage of vital spermatozoa to the nearest whole 
number.

2.6.2.3 Scoring 

1. Live spermatozoa have white or light pink heads and dead spermatozoa have 
heads that are stained red or dark pink. 

2. If the stain is limited to only a part of the neck region, and the rest of the head 
area is unstained, this is considered a “leaky neck membrane”, not a sign of 
cell death and total membrane disintegration. These cells should be assessed 
as alive.

3. If it is diffi cult to discern the pale pink stained head, use nigrosin to increase 
the contrast of the background (see Section 2.6.1).

2.6.2.4 Lower reference limit 

The lower reference limit for vitality (membrane-intact spermatozoa) is 58% 
(5th centile, 95% CI 55–63).

Comment: The total number of membrane-intact spermatozoa in the ejaculate is of 
biological signifi cance. This is obtained by multiplying the total number of sperma-
tozoa in the ejaculate (see Section 2.8.7) by the percentage of membrane-intact 
cells.

2.6.3 Vitality test using hypo-osmotic swelling

As an alternative to dye exclusion, the hypo-osmotic swelling (HOS) test may be 
used to assess vitality (Jeyendran et al., 1984). This is useful when staining of 
spermatozoa must be avoided, e.g. when choosing spermatozoa for ICSI. Sperm-
atozoa with intact membranes swell within 5 minutes in hypo-osmotic medium and 
all fl agellar shapes are stabilized by 30 minutes (Hossain et al., 1998). 
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Thus, use:

� 30 minutes incubation for routine diagnostics; but

� 5 minutes incubation when spermatozoa are to be processed for therapeutic 
use. 

2.6.3.1 Preparing the reagents

1. Swelling solution for diagnostic purposes: dissolve 0.735 g of sodium citrate 
dihydrate and 1.351 g of D-fructose in 100 ml of purifi ed water. Freeze 1-ml aliq-
uots of this solution at –20 °C. 

2. For therapeutic use: dilute the medium to be used 1 + 1 (1:2) with sterile, puri-
fi ed water.

2.6.3.2 Procedure

1. Thaw the frozen swelling solution and mix well before use.

2. Warm 1 ml of swelling solution or 1 ml of 1 + 1 (1:2) diluted medium in a closed 
microcentrifuge tube at 37 °C for 5 minutes.

3. Mix the semen sample well (see Box 2.3).

4. Remove a 100-�l aliquot of semen and add to the swelling solution. Mix gently 
by drawing it in and out of the pipette.

5. Incubate at 37 °C for exactly 5 minutes or 30 minutes (see above), then transfer 
a 10-�l aliquot to a clean slide and cover with a 22 mm × 22 mm coverslip.

6. Remix the semen sample, remove a replicate aliquot, mix with swelling solu-
tion, incubate and prepare a replicate slide, as above.

7. Examine each slide with phase-contrast optics at ×200 or ×400 magnifi cation.

8. Tally the number of unswollen (dead) and swollen (vital) cells with the aid of a 
laboratory counter.

9. Evaluate 200 spermatozoa in each replicate, in order to achieve an acceptably 
low sampling error (see Box 2.5).

10. Calculate the average and difference of the two percentages of vital cells from 
the replicate preparations.

11. Determine the acceptability of the difference from Table 2.1 or Fig. A7.2, 
Appendix 7. (Each shows the maximum difference between two percentages 
that is expected to occur in 95% of samples because of sampling error alone.)

12. If the difference between the percentages is acceptable, report the average 
percentage vitality. If the difference is too high, make two new preparations 
from two new aliquots of semen and repeat the assessment (see Box 2.6).

13. Report the average percentage of vital spermatozoa to the nearest whole 
number.
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2.6.3.3 Scoring

1. Swollen spermatozoa are identifi ed by changes in the shape of the cell, as indi-
cated by coiling of the tail (Fig. 2.6).

2. Live cells are distinguished by evidence of swelling of the sperm tail; score all 
forms of swollen tails as live spermatozoa.

Fig. 2.6 Schematic representation of typical morphological changes in human spermatozoa sub-
jected to hypo-osmotic stress 

(a) No change. (b)–(g) Various types of tail changes. Swelling in tail is indicated by the grey area.

(a) (b) (c) (d) (e) (f) (g)

Reproduced from Jeyendran RS, Van der Ven HH, Perez-Pelaez M, Crabo BG, Zaneveld LJD. (1984) Journal of 
Reproduction and Fertility, 70: 219–228. © Society for Reproduction and Fertility (1984). Reproduced by permission.

2.6.3.4 Lower reference limit 

HOS test values approximate those of the eosin test (Carreras et al., 1992).

The lower reference limit for vitality (membrane-intact spermatozoa) is 58% (5th 
centile, 95% CI 55–63).

Comment: The total number of membrane-intact spermatozoa in the ejaculate is of 
biological signifi cance. This is obtained by multiplying the total number of sperma-
tozoa in the ejaculate (see Section 2.8.7) by the percentage of membrane-intact 
cells.

2.7 Sperm numbers

The total number of spermatozoa per ejaculate and the sperm concentration are 
related to both time to pregnancy (Slama et al., 2002) and pregnancy rates (WHO, 
1996; Zinaman et al., 2000) and are predictors of conception (Bonde et al., 1998; 
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Larsen et al., 2000). More data correlating total sperm numbers with reproductive 
outcome are warranted. 

The number of spermatozoa in the ejaculate is calculated from the concentra-
tion of spermatozoa, which is measured during semen evalulation. For normal 
ejaculates, when the male tract is unobstructed and the abstinence time short, the 
total number of spermatozoa in the ejaculate is correlated with testicular volume 
(Handelsman et al., 1984; WHO, 1987; Andersen et al., 2000; Behre et al., 2000) 
and thus is a measure of the capability of the testes to produce spermatozoa 
(MacLeod & Wang, 1979) and the patency of the male tract. The concentration of 
spermatozoa in the semen, while related to fertilization and pregnancy rates, is 
infl uenced by the volume of the secretions from the seminal vesicles and prostate 
(Eliasson, 1975) and is not a specifi c measure of testicular function.

Comment 1: The terms “total sperm number” and “sperm concentration” are not 
synonymous. Sperm concentration refers to the number of spermatozoa per unit 
volume of semen and is a function of the number of spermatozoa emitted and the 
volume of fl uid diluting them. Total sperm number refers to the total number of 
spermatozoa in the entire ejaculate and is obtained by multiplying the sperm con-
centration by the semen volume. 

Comment 2: The generalization that total sperm number refl ects testicular sperm 
productivity may not hold for electro-ejaculates from men with spinal cord injury, 
those with androgen defi ciency, or for samples collected after prolonged absti-
nence or partial retrograde ejaculation.

Comment 3: The term “sperm density” (mass per unit volume) should not be used 
when sperm concentration (number per unit volume) is meant. 

Determination of sperm number comprises the following steps (which are 
described in detail in subsequent sections).

� Examining a well-mixed, undiluted preparation of liquefied semen on a glass 
slide under a coverslip, to determine the appropriate dilution and appropriate 
chambers to use (see Section 2.8.1). This is usually the wet preparation (see 
Section 2.4.2) used for evaluation of motility.

� Mixing semen and preparing dilutions with fixative.

� Loading the haemocytometer chamber and allowing spermatozoa to settle in a 
humid chamber.

� Assessing the samples within 10–15 minutes (after which evaporation has 
noticeable effects on sperm position within the chamber).

� Counting at least 200 spermatozoa per replicate.

� Comparing replicate counts to see if they are acceptably close. If so, proceed-
ing with calculations; if not, preparing new dilutions.

� Calculating the concentration in spermatozoa per ml. 

� Calculating the total number of spermatozoa per ejaculate.
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2.7.1 Types of counting chamber

The use of 100-�m-deep haemocytometer chambers is recommended. Dilution 
factors for the improved Neubauer haemocytometer chamber are given here. Oth-
er deep haemocytometer chambers may be used, but they will have different vol-
umes and grid patterns and will require different factors for calculation. Disposable 
chambers are available for determining sperm concentration (Seaman et al., 1996; 
Mahmoud et al., 1997; Brazil et al., 2004b), but they may produce different results 
from those of the improved Neubauer haemocytometer. Shallow chambers that fi ll 
by capillary action may not have a uniform distribution of spermatozoa because of 
streaming (Douglas-Hamilton et al., 2005a, 2005b). It may be possible to correct 
for this (Douglas-Hamilton et al., 2005a) but it is not advised (Björndahl & Barratt, 
2005). The validity of these alternative counting chambers must be established by 
checking chamber dimensions (see Appendix 7, section A7.8), comparing results 
with the improved Neubauer haemocytometer method, and obtaining satisfactory 
performance as shown by an external quality-control programme. For accurate 
assessment of low sperm concentrations, large-volume counting chambers may 
be necessary (see Section 2.11.2).

2.7.2 The improved Neubauer haemocytometer

The improved Neubauer haemocytometer has two separate counting chambers, 
each of which has a microscopic 3 mm × 3 mm pattern of gridlines etched on 
the glass surface. It is used with a special thick coverslip (thickness number 4, 
0.44 mm), which lies over the grids and is supported by glass pillars 0.1 mm above 
the chamber fl oor. Each counting area is divided into nine 1 mm × 1 mm grids. 
These grids are referred to by the numbers shown in Fig. 2.7. 

Fig. 2.7 The improved Neubauer haemocytometer 

Sketches of the inscribed area showing: all nine grids in one chamber of the haemocytometer (left 
panel); the central grid (number 5) of 25 large squares (middle panel); and a micrograph of part of a 
fi lled chamber (right panel), showing one of the 25 squares of the central grid (the circled square in 
the middle panel) bounded by triple lines and containing 16 smaller squares. 

Micrograph courtesy of C Brazil.
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With a depth of 100 �m, each grid holds 100 nl. Four of these grids (nos 1, 3, 7 and 9)
contain four rows of four squares, each holding 6.25 nl; two grids (nos 2 and 8) 
contain four rows of fi ve squares, each of 5 nl; two grids (nos 4 and 6) contain fi ve 
rows of four squares, each of 5 nl; and the central grid (number 5) contains fi ve 
rows of fi ve squares, each of 4 nl (Fig. 2.7, middle panel). Each of the 25 squares 
of the central grid (number 5) is subdivided into 16 smaller squares (Fig. 2.7, right 
panel). Thus, grids 1, 2, 3, 7, 8 and 9 each have four rows holding 25 nl per row, 
while grids 4, 5 and 6 each have fi ve rows holding 20 nl per row. 

Depending on the dilution and the number of spermatozoa counted, different 
areas of the chamber are used for determining sperm concentration. For 1 + 19 
(1:20) and 1 + 4 (1:5) dilutions, rows from grid number 5 are assessed and, when 
necessary, from grids numbers 4 and 6 (see Section 2.8). For 1 + 1 (1:2) dilutions, 
all nine grids can be assessed if necessary to achieve a count of 200 spermatozoa 
(see Section 2.11.1).

2.7.3 Using the haemocytometer grid

� Count only whole spermatozoa (with heads and tails).

� Whether or not a spermatozoon is counted is determined by the location of 
its head; the orientation of its tail is unimportant. The boundary of a square is 
indicated by the middle line of the three; thus, a spermatozoon is counted if 
most of its head lies between the two inner lines, but not if most of its head lies 
between the two outer lines (Fig. 2.8, left panel).

� To avoid counting the same spermatozoon in adjacent squares, a spermato-
zoon with its head on the line dividing two adjacent squares should be counted 
only if that line is one of two perpendicular boundary lines. For example, cells 
may be counted if most of the sperm head lies on the lower or left centre 
boundaries, which form an “L” shape (see Fig. 2.8, middle panel), but not if it 
lies on the upper or right centre boundary line (Fig. 2.8, right panel).

Note: If there are many headless sperm tails (pinheads) or heads without tails, their 
presence should be recorded in the report. If considered necessary, their concen-
tration can be assessed in the same way as for spermatozoa (see Section 2.8), or 
their prevalence relative to spermatozoa can be determined from stained prepara-
tions (see Section 2.17.6). 

2.7.4 Care of the counting chamber

Haemocytometer counting chambers must be used with the special thick cover-
slips (thickness number 4, 0.44 mm).

� Clean the haemocytometer chamber and coverslip with water and dry well with 
tissue after use, as any dried residue can inhibit loading. Rubbing the grid sur-
face will remove any residual spermatozoa from the previous sample.

� Soak reusable chambers and coverslips overnight in disinfectant (see 
Appendix 2, section A2.4) to avoid contamination with potentially infectious 
agents in semen.
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When cervical mucus is to be collected other than at mid-cycle, its production 
can be increased by the administration of 20–80 �g of ethinyl estradiol each day 
for 7–10 days before collection. This procedure will produce a more hydrated, 
and therefore less viscous, mucus secretion (Eggert-Kruse et al., 1989). While 
this approach may be useful in assessing sperm–mucus interaction in vitro, it will 
not necessarily refl ect the in-vivo situation for the couple when hormones are not 
administered.

A5.2.2 Storage and preservation

Mucus can be preserved either in the original collection device or in small test-
tubes sealed with a stopper or with self-sealing laboratory fi lm to avoid dehydra-
tion. Care should be taken to minimize the air space in the storage container. The 
samples should be preserved in a refrigerator at 4 °C for up to 5 days. If possible, 
mucus specimens should be used within 2 days of collection; the interval between 
collection and use should always be noted. Rheological and sperm penetration 
tests should not be performed on mucus specimens that have been frozen and 
thawed.

A5.3 Evaluation of cervical mucus
Evaluation of the properties of cervical mucus includes assessment of spinn-
barkeit, ferning (crystallization), viscosity and pH. Appendix 6 contains a sample 
form for scoring and recording these cervical mucus properties according to the 
system devised by Moghissi (1976), based on an original proposal by Insler et al. 
(1972). The score is derived from the volume of cervical mucus collected (see Sec-
tion A5.3.1) and the four variables (see Sections A5.3.2 to A5.3.5) describing its 
characteristics and appearance. The pH of the mucus is not included in the total 
cervical mucus score, but should be measured as an important determinant of 
sperm–mucus interaction (Eggert-Kruse et al., 1993). The maximum score is 15. A 
score greater than 10 is usually indicative of good cervical mucus favouring sperm 
penetration; a score of less than 10 may mean that the cervical mucus is unfavour-
able to sperm penetration. 

A5.3.1 Volume

The viscosity of mucus makes accurate measurement of volume diffi cult. It can be 
estimated from the length of the mucus within catheter tubing of known diameter 
(see Box A5.1). 

Box A5.1 Determining the volume of mucus collected

The volume of a mucus preparation (V,�l = mm3) is obtained by multiplying the 
cross-sectional area of the tubing (A, mm2) by the length (L, mm) containing mucus: 
V = A × L. The cross-sectional area A = �r2, where � is approximately 3.142 and r is
the radius of the tubing. Thus a 10 cm (100 mm) length of mucus in 2 mm diameter 
tubing (A = 3.142 × 1 × 1 = 3.142 mm2) has a volume of A × L = 3.142 × 100 = 314 mm3

= 314 �l or 0.31 ml.
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Volume is scored as follows:

0 = 0 ml 
1 = 0.01–0.10 ml or approximately 0.1 ml
2 = 0.11–0.29 ml or approximtely 0.2 ml
3 = >0.3 ml or approximately 0.3 ml or more

A5.3.2 Viscosity (consistency)

The viscosity of cervical mucus is the most important factor infl uencing sperm 
penetration. There is little resistance to sperm migration through the cervical 
mucus in mid-cycle, but viscous mucus—such as that observed during the luteal 
phase—forms a more formidable barrier. 

Viscosity is scored as follows:

0 = thick, highly viscous, premenstrual mucus
1 = mucus of intermediate viscosity
2 = mildly viscous mucus
3 = watery, minimally viscous, mid-cycle (preovulatory) mucus

A5.3.3 Ferning

Ferning (see Fig. A5.1) is scored by examination of cervical mucus that has been 
air-dried on glass microscope slides. Such preparations reveal various patterns of 
crystallization, which may have a fern-like appearance. Depending on the com-
position of the mucus, the “ferns” may have only a primary stem, or the stem may 
branch once, twice or three times to produce secondary, tertiary and quaternary 
stems. Several fi elds around the preparation should be observed, and the score 
expressed as the highest degree of ferning that is typical of the specimen.

Fern types can be very variable, depending on, for example, the thickness of the 
preparation and the number of cells present. A preparation may display more than 
one stage of ferning: sometimes all stages can be found in one preparation. 

Ferning is scored as follows:

0 = no crystallization
1 = atypical fern formation
2 = primary and secondary stem ferning
3 = tertiary and quaternary stem ferning

A5.3.4 Spinnbarkeit

Place a drop of cervical mucus on a microscope slide and touch it with a cov-
erslip or a second slide held crosswise; then gently lift the coverslip or second 
slide. Estimate the length of the cervical mucus thread stretched between the two 
surfaces.
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Spinnbarkeit is scored as follows:

0 = <1 cm
1 = 1–4 cm
2 = 5–8 cm
3 = 9 cm or more

A5.3.5 Cellularity

It is recommended that all cell counts be expressed in cells per �l. An estimate 
of the number of leukocytes and other cells in the cervical mucus is traditionally 
based on the number counted per high-power microscope fi eld (HPF) (see Box 
A5.2). 

Box A5.2 Volume observed per high-power fi eld in a 100-�m-deep mucus 
preparation

The volume of mucus observed in each microscope fi eld depends on the area of 
the fi eld (�r2, where � is approximately 3.142 and r is the radius of the microscopic 
fi eld) and the depth of the chamber (here 100 �m). The diameter of the microscope 
fi eld can be measured with a stage micrometer or can be estimated by dividing 
the diameter of the aperture of the ocular lens by the magnifi cation of the objective 
lens.
With a × 40 objective and a × 10 ocular of aperture 20 mm, the microscope fi eld 
has a diameter of approximately 500 �m (20 mm / 40). In this case, r = 250 �m, r2 = 
62 500 �m2, �r2 = 196 375 �m2 and the volume is 19 637 500 �m3 or about 20 nl.

Thus, a count of 10 cells per HPF is approximately equivalent to 10 cells per 20 nl, 
or 500 cells per �l. As the number of cells counted is low, the sampling error is 
high; a replicate count of 10 has a sampling error of 22% (see Table 2.2), so the 
value could lie anywhere between 280 and 720 cells per �l.

The rank scores for cells are:

0 = >20 cells per HPF or >1000 cells per �l
1 = 11–20 cells per HPF or 501–1000 cells per �l
2 = 1–10 cells per HPF or 1–500 cells per �l
3 = 0 cells

A5.3.6 pH

The pH of cervical mucus from the endocervical canal should be measured with 
pH paper, range 6.0–10.0, in situ or immediately following collection. If the pH is 
measured in situ, care should be taken to avoid touching the exocervical mucus, 
which always has a pH lower (more acidic) than that of mucus in the endocervi-
cal canal. Care should also be taken to avoid contamination with secretions of the 
vagina, which have a low pH.

Spermatozoa are susceptible to changes in pH of the cervical mucus. Acid mucus 
immobilizes spermatozoa, whereas alkaline mucus may enhance motility. Exces-
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sive alkalinity of the cervical mucus (pH greater than 8.5), however, may adversely 
affect the viability of spermatozoa. The optimum pH value for sperm migration 
and survival in the cervical mucus is between 7.0 and 8.5, which is the normal pH 
range of mid-cycle cervical mucus. Although a pH value between 6.0 and 7.0 may 
be compatible with sperm penetration, motility is often impaired below pH 6.5 
and sperm–cervical mucus interaction tests are often not performed if the pH of 
mucus is below 7.0.

In some cases cervical mucus may be substantially more acidic. This can be due 
to abnormal secretions, the presence of a bacterial infection, or contamination 
with vaginal fl uid.
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A6.1 Template for a semen analysis recording form
This sample record form overpage is offered as a model. It allows recording of obser-
vations made during semen analysis, using the methods described in this manual. It 
may be adapted to include derived variables, which are combinations of results from 
the primary data (e.g. total number of peroxidase-positive cells per ejaculate). When 
used for research purposes, data from the sample record form can be entered directly 
into a computer database, and any derived variables can be computed electronically.

The sample record form has multiple columns for recording the results of semen 
analyses performed at different times. This is a convenient way of presenting serial 
semen sample results. It may be useful to add extra space in certain parts of the form 
to allow the recording of additional comments and observations. Reference limits and 
consensus threshold values (see Appendix 1, Table 1.1 and comments), are given in 
square brackets, where available.
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Name:
Code:
Date (day/month/year)
Collection (1, at laboratory; 2, at home)
Collection time (hour : minute)
Sample delivered (hour : minute)
Analysis begun (hour : minute)
Patient
Abstinence time (days)
Medication
Diffi culties in collection
Semen
Treatment (e.g. bromelain)
Complete sample? (1, complete; 2, incomplete)
Appearance (1, normal; 2, abnormal)
Viscosity (1, normal; 2, abnormal)
Liquefaction (1, normal; 2, abnormal) (minutes)
Agglutination (1–4, A–E)
pH [
7.2]
Volume (ml) [
1.5]
Spermatozoa
Total number (106 per ejaculate) [
39]
Concentration (106 per ml) [
15]
Error (%) if fewer than 400 cells counted
Vitality (% alive) [
58]
Total motile PR + NP (%) [
40]
Progressive PR (%) [
32]
Non-progressive NP (%)
Immotile IM (%) 
Normal forms (%) [
4]
Abnormal heads (%)
Abnormal midpieces (%)
Abnormal principal pieces (%)
Excess residual cytoplasm (%)
Direct MAR-test IgG (%) (3 or 10 minute) [<50]
Direct MAR-test IgA (%) (3 or 10 minute) [<50]
Direct IB-test IgG (% with beads) [<50]
Direct IB-test IgA (% with beads) [<50]
Non-sperm cells
Peroxidase-positive cells, concentration (106 per ml) [<1.0]
Accessory gland function
Zinc (µmol per ejaculate) [
2.4]
Fructose (µmol per ejaculate) [
13]
�-Glucosidase (neutral) (mU/ejaculate) [
20]
Technician: 
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A6.2 Template for a cervical mucus recording form

Name:
Code:
Date of fi rst day of last menstrual period (day/month/year):

Daily cervical mucus score
Date (day/month/year)
Day of cycle
Volume (0, 1, 2, 3)
Viscosity (0, 1, 2, 3)
Ferning (0, 1, 2, 3)
Spinnbarkeit (0, 1, 2, 3)
Cellularity (0, 1, 2, 3)
Total score (max. 15)
pH

Postcoital test
Date (day/month/year)
Time after coitus (hours)

Vaginal 
pool

Endocervical
pool

Vaginal 
pool

Endocervical
pool

Vaginal 
pool

Endocervical
pool

Sperm concentration 
(spermatozoa per �l)
Sperm motility

PR (%)
NP (%)
IM (%)

Technician: 
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A7.1 Errors in measurement of sperm concentration 

A7.1.1 Errors in assessing counts

To measure sperm concentration, the number of spermatozoa in a fi xed volume of 
diluted semen is assessed in a counting chamber. However, a single estimate is of 
limited value without some indication of its precision. This is provided by the confi -
dence interval, which has a specifi c probability (the confi dence coeffi cient or cover-
age possibility) of containing the true value. The most commonly used probability 
is 0.95. The interval is then called the 95% confi dence interval, and the ends of this 
interval are the 95% confi dence limits (Armitage et al., 2002). 

If spermatozoa are randomly distributed throughout the chamber, the number in a 
given volume follows the Poisson distribution, with variance equal to the number 
counted. The standard error (SE) of a count (N) is its square root (�N), the sampling 
error (%SE) is 100 × (�N/N) and the 95% confi dence interval (CI) is approximately 
N ± 1.96 × SE (or N± approximately 2 × SE).

Note: These values are only approximate, as the confi dence limits are not always 
symmetrical about the estimate. The exact 95% confi dence interval, based on the 
properties of the Poisson distribution, is 361.76–441.21 for a count of 400, 81.36–
121.66 for a count of 100, 4.80–18.39 for a count of 10, 0.025–5.572 for a count of 
1, and 0.0–3.7 for a count of 0.

A7.1.2 Agreement between replicate counts

Replicate counts on two separate dilutions of each semen sample are recommend-
ed, to account for possible uneven distribution of spermatozoa despite thorough 
mixing (see Section 2.4.1). Assessing the same chamber twice, or assessing both 
sides of one chamber fi lled from a single dilution, is not true replication, as this will 
not allow errors of preparation, mixing or dilution to be detected. 

The difference between independent counts is expected to be zero, with stand-
ard error equal to the square root of the sum of the two counts. Thus z = (N1–
N2)/�(N1 + N2) should be <1.96 by chance alone; if it is, the values are accepted. If 
z is >1.96, new replicate dilutions are made. Fig. A7.1 gives the acceptable rounded 
values for N1–N2.

For example, for a mean count of 200 spermatozoa (sum 400), the difference 
between the replicate counts could be as large as 39, so the two counts could be 
180.5 (200–19.5) and 219.5 (200 + 19.5) by chance alone. 

Table A7.1 summarizes the data shown in Fig. A7.1 and can be used to assess the 
agreement between replicate counts (see Sections 2.8.3 and 2.11).

For routine sperm counting, it is recommended that at least 200 spermatozoa are 
counted in each replicate, so that a total of about 400 cells are counted; the sam-
pling error is then less than 5% (see Table 2.2). With very low sperm numbers, higher 
sampling errors may be unavoidable (see Sections 2.11.1 and 2.11.2), in which case 
the sampling error (%SE) for the number of spermatozoa counted (see Table 2.2) 
should be reported.
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Fig. A7.1 Acceptable differences between two replicate counts as a function of the total number of 
spermatozoa assessed

The line shows the maximum difference between replicate counts that is expected to occur by 
chance alone.
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Table A7.1 Acceptable differences between two replicate counts for a given sum 

Sum Difference* Sum Difference* Sum Difference*

35–40 12 144–156 24 329–346 36

41–47 13 157–169 25 347–366 37

48–54 14 170–182 26 367–385 38

55–62 15 183–196 27 386–406 39

63–70 16 197–211 28 407–426 40

71–79 17 212–226 29 427–448 41

80–89 18 227–242 30 449–470 42

90–98 19 243–258 31 471–492 43

99–109 20 259–274 32 493–515 44

110–120 21 275–292 33 516–538 45

121–131 22 293–309 34 539–562 46

132–143 23 310–328 35 563–587 47

*Based on rounded 95% confi dence interval.
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A7.2 The importance of understanding sampling errors 
This manual places great emphasis on counting a suffi cient number of spermato-
zoa and getting replicate estimates to agree within certain limits. This is necessary 
because these procedures increase the certainty that the concentrations or total 
counts generated are close to the true (but unknown) values. If too few spermato-
zoa are counted, the concentration calculated will be imprecise. If it is not possible 
to count a total of at least 400 spermatozoa, this should be stated on the report 
form and the error involved noted (see Table 2.2).

Precision is best achieved by counting in deep chambers, with large grid areas 
that contain large numbers of spermatozoa, rather than in shallow chambers with 
small grids containing few spermatozoa. To facilitate counting, the semen should 
be diluted suffi ciently in fi xative so that there is little overlap of non-motile cells. 
The example below illustrates the difference between chambers in achieving an 
accurate measurement for a semen sample with a low concentration of sperm.

For a low-volume chamber with a 1 mm × 1 mm grid fi lled with undiluted 
spermatozoa: 

� If the true sperm concentration is 1 × 106 per ml there are 1000 spermatozoa 
per �l or 1 spermatozoon per nl.

� In a 10-�m-deep chamber with a 1 mm × 1 mm grid on the floor, there will be 10 
spermatozoa in the entire 10 nl grid.

� The error associated with counting only 10 spermatozoa is 32% and the 95% 
confidence interval 10 ± 1.96 × �N (= 10 ± 6.2) (see Table 2.2). 

� This large confidence interval means that the true count could be between 4 
spermatozoa (10 – 6) and 16 spermatozoa (10 + 6) in the total 10-nl volume.

� Thus, the estimate of the concentration is between 400 000 and 1 600 000 
spermatozoa per ml of semen.

� In practice, this means that the best estimate for a 50-�l volume is that it con-
tains between 20 000 and 80 000 spermatozoa.

� If two replicate preparations had been examined, the corresponding values 
for the 20 spermatozoa observed would be, from the 22% error, a confidence 
interval of 20 ± 8.8, actual numbers of 11 (20 – 9) or 29 (20 + 9) in the total 20 nl 
volume, an estimate of the true value ranging from 550 000 spermatozoa/ml to 
1 450 000 spermatozoa/ml semen and between 27 500 and 72 500 spermato-
zoa per 50-�l aliquot.

For a large-volume chamber with nine 1 mm × 1 mm grids fi lled with 1 + 1 (1:2) 
diluted semen: 

� If the true sperm concentration is 1 × 106 per ml and a dilution of 1 + 1 (1:2) is 
made (see Section 2.8), there will be 500 000 spermatozoa per ml, 500 sper-
matozoa per �l or 0.5 spermatozoa per nl.

� In a 100-�m-deep chamber with several 1 mm × 1 mm grids on the floor (100 nl 
per grid) there will be 200 spermatozoa in four grids (400 nl), 400 in the two 
replicates (800 nl).
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� The error associated with counting 400 spermatozoa is 5% and the 95% confi-
dence interval 400 ± 1.96 × �N (= 400 ± 39) (see Table 2.2).

� This confidence interval means that the true count could be between 360 sper-
matozoa (400–40) and 440 spermatozoa (400 + 40) in the total volume of 800 nl 
of 1 + 1 (1:2) diluted semen.

� Thus, the estimate of the concentration is between 900 000 and 1 100 000 
spermatozoa per ml of undiluted semen.

� In practice, this means that a 50-�l volume contains between 45 000 and 
55 000 spermatozoa.

A7.3 Errors in measurement of percentages

A7.3.1 Errors in assessing percentages

When spermatozoa are classifi ed into two classes (such as normal or abnormal 
morphology, motile or immotile, alive or dead, acrosome-reacted or not, fused 
with zona-free hamster eggs or not), the percentages follow the binomial distribu-
tion. For this distribution, the standard error of the estimated percentage (p) within 
a class depends on the true, but unknown, percentage, as well as on the number 
of spermatozoa counted (N). The standard error is �(p(100–p)/N), and an approxi-
mate confi dence interval can be constructed from the normal distribution. This is a 
good approximation for values in the range 20–80%. 

� If 100 spermatozoa are counted, and the percentage with normal morphology 
is 20%, the standard error of the estimated percentage of normal spermatozoa 
is �(20(100–20)/100) = �((20 × 80)/100) = �(1600/100) = 4%. The 95% confi-
dence limit is ± 1.96 × 4% or ± 7.8%, and the corresponding confidence interval 
12.2–27.8%. 

� If 200 spermatozoa are counted, the standard error is �(20(100–20)/200) 
= �((20 × 80)/200) = �(1600/200) = 2.8%. The 95% confidence limit is 
± 1.96 × 2.8% or ± 5.5%, and the corresponding confidence interval 
14.5–25.5%. 

� If 400 spermatozoa are counted, the standard error is �(20(100–20)/400) = 
�((20 × 80)/400) = �(1600/400) = 2.0%. The 95% confidence limit is ± 1.96 × 2% 
or ± 3.9% and the corresponding confidence interval 16.1–23.9%.

Outside the range 20–80%, it is more appropriate to use the angular transforma-
tion (arc sin square root) z = sin–1�(p/100). This has the property that the standard 
deviation of z is 1/(2�N) and thus depends only on the number of spermatozoa 
counted and not the true (but unknown) percentage. An alternative is to compute 
exact binomial confi dence limits using one of several widely available statistical 
software packages.

A7.3.2 Agreement between replicate percentages

It is recommended that replicate assessments of percentages (p1 and p2) are 
made on N spermatozoa in each sample and compared. The limit of expected dif-
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Fig. A7.2 The acceptable differences between two replicate assessments of percentage as a func-
tion of the true percentage and the total number of spermatozoa assessed 

The lines show the differences that are expected to occur by chance alone (95% confi dence limits) 
for replicate estimated percentages from 100 (total 200: top, solid line), 200 (total 400: middle, dot-
ted line) and 400 (total 800: lower, dashed line) spermatozoa.
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The acceptable differences between replicates can be read from this graph. For 
a total of 200 spermatozoa (100 per replicate) and a true percentage of 5% (or 
95%), the upper 95% confi dence limit for the difference is 6.6%. On average, 
19 of 20 repeated assessments of the same sample will be between 2.42% and 
9.00%; one in 20 will give a result outside these limits by chance alone. For a total 
of 800 spermatozoa (400 per replicate: dashed line) and a true percentage of 5% 
(or 95%), the upper 95% confi dence limit for the difference is 3.1%, and the 95% 
confi dence limits are 3.1% and 7.6%. Similarly, if a total of 400 spermatozoa is 
counted (200 per replicate; dotted line), for a true value of 20% (or 80%) the upper 
95% confi dence limit is 8.1%, with limits 16.2% and 24.3%.

ference d (where d = |p1 – p2|) is 1.96(�(2p(100–p)/N) where p = (p1 + p2)/2. The dif-
ference between independent assessments is expected to be zero, with standard 
error dependent on the estimated percentage and the total number of spermato-
zoa counted. 

The large statistical errors associated with counting fewer than 200 spermatozoa 
per replicate are apparent in Fig. A7.2, which shows the exact 95% confi dence 
intervals for agreement between percentages for replicate counts of 100, 200 and 
400 spermatozoa (i.e. total sperm numbers of 200, 400 and 800). It also shows 
that the error is symmetrical around 50%, with a maximum at 50% and minima at 
0% and 100%. 



259APPENDIX 7   Sampling errors and quality control

Tables A7.2, A7.3 and A7.4 present data on the acceptable differences between 
replicates (those occurring by chance alone) for a range of percentages estimated 
from different numbers of total sperm counted. These may be more useful than the 
graph (Fig. A7.2) for assessing the agreement between replicate percentages of 
spermatozoa that are morphologically normal, motile, viable or acrosome-reacted.

Table A7.2 Acceptable differences between two percentages for a given average, 
determined from replicate counts of 100 spermatozoa (total 200 counted)

Average (%) Difference* Average (%) Difference*

0 2 67–74 13

1 3 75–80 12

2 4 81–84 11

3 5 85–87 10

4 6 88–90 9

5–6 7 91–93 8

7–9 8 94–95 7

10–12 9 96 6

13–15 10 97 5

16-19 11 98 4

20–25 12 99 3

26–33 13 100 2

34–66 14

*Based on rounded 95% confi dence interval.

Table A7.3 Acceptable differences between two percentages for a given average, 
determined from replicate counts of 200 spermatozoa (total 400 counted)

Average (%) Difference* Average (%) Difference*

0 1 66–76 9

1 2 77–83 8

2 3 84–88 7

3–4 4 89–92 6

5–7 5 93–95 5

8–11 6 96–97 4

12–16 7 98 3

17–23 8 99 2

24–34 9 100 1

35–65 10

*Based on rounded 95% confi dence interval.



260 APPENDIX 7   Sampling errors and quality control

A7.4 Production of semen samples for quality control 
Quality control specimens should ideally be representative of the range of semen 
samples processed in the laboratory. If only a small number of QC samples are to 
be analysed, they should be those most relevant to the main activity in the labo-
ratory. For example, in the laboratory of an infertility service, clinically signifi cant 
ranges (concentration 15 × 106 to 50 × 106 per ml, progressive motility 30–50%, and 
normal morphology below 5%) could be chosen.

� Aliquots of pooled semen samples can be stored frozen, or at 4 °C with a pre-
servative, and analysed at intervals for sperm concentration.

� Spermatozoa may not survive cryopreservation sufficiently well to be a useful 
source of internal and external QC materials for motility and sperm antibody 
tests.

� Video tapes, CDs and DVDs can also be used for sperm motility.

� Photographs, video tapes, CDs and DVDs can be used for sperm morphology. 

� Video-recordings are particularly useful for training in motility and morphology 
assessment, but their use should complement, not replace, replicate assess-
ments of semen specimens. 

� Stained semen slides can be used for morphology quality control. Fixed 
smears can also be stored and used to monitor staining. Stained slides may 
deteriorate with time, depending on the quality of the fixing or staining proce-
dure. However, slides stained using the Papanicolaou procedure described in 
this manual, and stored in the dark at room temperature, should last for months 
or even years.

� Sperm antibody-positive serum may be used for QC of indirect immunobead 
tests, but is not recommended for use in direct immunobead tests.

Table A7.4 Acceptable differences between two percentages for a given average, 
determined from replicate counts of 400 spermatozoa (total 800 counted)

Average (%) Difference* Average (%) Difference*

0 0 70–81 6

1–3 2 82–88 5

4–6 3 89–93 4

7–11 4 94–96 3

12–18 5 97–99 2

19–30 6 100 0

31–69 7

*Based on rounded 95% confi dence interval.
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A7.5  Preparation of a video-recording for internal quality control of 
analysis of sperm motility

This protocol describes how to prepare a video-recording to be used for quality 
control of manual motility assessment procedures. 

� Record at least five and up to 10 fields to mimic the multiple fields assessed for 
motility analysis during semen evaluation and to allow at least 400 spermato-
zoa to be assessed. 

� The video-recording should contain images from several different semen 
samples, covering the range of motilities typically seen during routine semen 
evaluation. 

� The videotape can simply have five fields of a few different semen specimens; 
in other cases, a more complex recording may be needed, for example for 
standardization between laboratories or in a multicentre study. In this case, 
more semen samples might be used, and the samples could be repeated ran-
domly throughout the videotape. Repeated samples allow intra-technician pre-
cision to be estimated.

A7.5.1 Additional equipment

In addition to the routine equipment for estimating motility, the preparation of 
recordings for quality control requires:

� a video-recorder or computer with a CD-RW or DVD-RW drive;

� a marking device for coding the video-recording, such as a slide with numbers 
etched on its surface (an England finder) or time generator.

A7.5.2 Procedure

� If several semen samples are available, the entire video-recording can be pre-
pared at one session; otherwise, samples can be recorded as they become 
available. 

� If motility is typically assessed at room temperature, the recordings should be 
done at room temperature. Likewise, if motility is typically assessed at 37 °C, 
then the recordings should be made at the same temperature.

Note: If recording is to be done at 37 °C, the stage warmer should be turned on and 
allowed to reach a stable temperature at least 10 minutes before use. 

� Prepare a recording of sufficient fields to ensure that 400 spermatozoa are 
recorded from several different semen samples. 

� For specimens with low semen concentration, more than 10 fields may be nec-
essary to give adequate numbers of spermatozoa for scoring. Video-recording 
of 10 fields will take several minutes.

� The video-recording can be done when either a slide with coverslip or a fixed 
20-�m-deep chamber is used for the analysis.
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Note 1: When disposable counting chamber slides are used, motility will be stable 
for a longer period of time than when slides and coverslips are used. This will allow 
10 (or more) fi elds to be recorded from the same preparation.

Note 2: When slides and coverslips are used, it may be necessary to use several 
during the video-recording to avoid a noticeable decline in motility over time.

� Identify several semen samples with a range of motility values. 

� Each specimen should have a unique code on the video-recording. The cod-
ing can vary from simply marking each specimen, to marking each field of 
each specimen. For example, the first specimen marker could be at the begin-
ning of the first field, with no other coding until the second specimen appears. 
Alternatively, the coding could include markings of each individual field, i.e. the 
first field of the first specimen would be marked 01-01, the second field of the 
first specimen would be marked 01-02, etc. This more elaborate marking sys-
tem helps the technicians track where they are during analysis.

Note 1: It is useful to have short blank sections on the video-recording between 
fi elds or between specimens. This allows the technician to recognize the beginning 
of the new segment. 

Note 2: The easiest way to get a blank segment when recording is to cover the light 
source.

Note 3: This can also be done before pausing the video-recorder; the “pause” 
should always be used rather than the “stop” button, as the “stop” button may 
cause noise or static on the videotape. 

� Record an image of a stage micrometer for 10 seconds at the magnification 
that will be used for recording the samples. The magnification should provide 
an image on the monitor similar to that used for visual microscopic analysis. 
The stage micrometer image gives a permanent record of the magnification, 
which permits calibration of the screen-overlapping acetate grid for use during 
analysis of the videotape or calibration of a CASA instrument. 

� Record the coding image for the first specimen for 5–7 seconds. At the end of 
this time, block the light source for 3 seconds to give a blank image to serve as 
a marker; then pause the recording.

� Identify the first semen specimen to be used for recording. Place 10 �l of well-
mixed semen on a glass slide and cover with a 22 mm × 22 mm coverslip, or 
load a fixed slide chamber with 7 �l of well-mixed semen. Allow the sample to 
settle for a few seconds (at 37 °C if required) until drifting has stopped. Record 
10 (or more) fields, following the pattern shown in Fig. A7.3. For CASA QC, the 
sperm concentration should not exceed 50 × 106 per ml; more concentrated 
samples may have to be diluted in homologous seminal plasma (see Section 
3.5.2).



263APPENDIX 7   Sampling errors and quality control

� Choose the first field near the upper left section of the coverslip or chamber, at 
least 5 mm from the edge. Record the field for 15 seconds, keeping the micro-
scope and the stage as still as possible. After 15 seconds, record a 3-second 
blank and pause the recording. If individual fields are being coded, change the 
code number and record an image containing only the code number for 5–7 
seconds. 

� Following the pattern shown in Fig. A7.3, locate a second motile field on the 
slide or chamber, and record this field for 15 seconds. Again, record a 3-sec-
ond blank at the end of the 15 seconds. Pause the recording and, if desired, 
change the code number to indicate the third field. Continue recording in this 
way until a total of at least 400 spermatozoa (10 fields or more, depending on 
the concentration) have been captured. After recording the final field and a 
3-second blank, stop the recording. 

� Prepare a second sample. Record the coding image for specimen two for 5–7 
seconds, followed by a 3-second blank. 

� Record the second sample according to the steps above, recording 10 or more 
fields for 15 seconds each, with a blank in between each field and a blank at 
the end of the final field. 

� Repeat this process until the desired number of specimens have been 
video-recorded.

Fig. A7.3 Aid to assessing sperm motility

Systematic scanning of fi elds for video-recording of sperm motility at least 5 mm from the edges of 
the coverslip.

> 5 mm

Note: If a more complex IQC motility video-recording, containing randomly repeat-
ed specimens, is desired, either a second recorder or a computer equipped with 
specialized video-editing software is required. In this case, each specimen should 
be video-recorded separately, with only the fi elds marked. The specimen number 
should not be recorded, as this will change as the specimen is repeated on the 
recording. If a computer equipped with video-editing software is available, images 
from each specimen can be digitized and combined as desired on a DVD.
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A7.5.3 Analysis of the video-recording

� Draw an acetate grid overlay and place it over the video monitor to be used 
during analysis of the video-recording, as detailed below. This will mimic the 
grid used in the eyepiece during microscopic analysis (see Fig. A7.4a).

Fig. A7.4 View through an ocular with reticle (red grid)

 (a) ocular alone       (b) view of stage micrometer

100
µm

25
µm

� Place the stage micrometer on the microscope stage at the magnification used 
for motility analysis. Looking through the ocular with reticle (see Fig. A7.4), 
measure the size of the grid sections using the stage micrometer. In this exam-
ple the reticle grid is 125 �m × 125 �m and each square is 25 �m × 25 �m (Fig. 
A7.4b). Make a note of these measurements.

� Play the recording through the video monitor and pause at the image of the 
micrometer (Fig. A7.5a).

� Tape an acetate sheet over the screen and draw a square the size of one 
square in the eyepiece reticle grid, as measured above (see Fig. A7.5b).

� Complete the image of the entire eyepiece reticle grid (25 squares) (Fig. A7.5c). 

� To analyse the video-recording, secure the acetate grid overlay over the video 
monitor. The analysis should be done on a standardized section of the grid 
overlay, e.g. the top two rows or the middle three rows.

� Score replicate assessments of 200 spermatozoa for each recorded segment.

25 µm

Fig. A7.5 View of the videotaped image of the stage micrometer on the monitor and the drawn overlay;
see text for explanation

              (a)           (b)           (c)
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A7.6  Preparation of diluted semen for internal quality control of 
determination of sperm concentration 

A7.6.1 General considerations

� Some steps of the procedure for determining sperm concentration in semen 
can be monitored using diluted, preserved semen samples prepared in the 
laboratory.

� The IQC samples should be representative of the range of concentrations nor-
mally seen in the laboratory during routine semen evaluation. 

� Dilute the semen in a preservative, and place aliquots in storage vials. These 
can be refrigerated and used later for counting. 

� Take care when preparing the suspensions to mix the specimen thoroughly, to 
ensure that vials prepared from the same specimen contain identical concen-
trations of spermatozoa. In this way, differences in counts on the IQC samples 
can be attributed to problems in the counting procedure.

� Dilute the preserved IQC samples again before assessing the concentration 
using a haemocytometer. Use the final dilution that is used in the laboratory 
during routine counting. This ensures that the concentration of background 
debris and other non-sperm cells will be similar to that seen during routine 
evaluation. For example, if the semen is initially diluted with an equal volume 
of preservative, an additional 1 + 9 (1:10) dilution would yield a final dilution of 
1:20. 

� When a preserved sample with low sperm concentration is desired, it is better 
to start with a low concentration semen specimen rather than making a large 
dilution of a more concentrated specimen. This will ensure that the background 
is similar to that observed during routine semen analysis. 

� Swim-up sperm preparations lack the debris, loose heads and cell fragment 
contamination seen during routine semen evaluation, and are best used only 
for monitoring the counting of similarly selected sperm suspensions.

� The number of sperm suspensions for IQC prepared at one time will depend on 
the number of technicians and the frequency of counting.

� Preserved diluted semen kept under refrigeration should be stable for at least 4 
months. 

A7.6.2 Reagents

Any of three preservatives may be used:

� Formalin: 10% (v/v) formaldehyde. To 27 ml of purified water add 10 ml of 37% 
(v/v) formaldehyde.

� Azide (Jørgensen et al., 2001): 3 mol/l sodium azide (NaN3). Dissolve 19.5 g of 
NaN3 in 100 ml of purified water. 

� Agglutination-preventing solution (APSIS) (Brazil et al., 2004). To 100 ml of 
purified water add 1.0 g bovine serum albumin (BSA), 2.0 g of polyvinylpyrro-
lidone (PVP), 0.90 g of sodium chloride (NaCl), 0.1 ml of detergent Triton X-100, 
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0.004 ml of silicone antifoaming agent and 0.10 g of sodium azide. Mix thor-
oughly and pass through a 0.45-�m filter to eliminate debris. Store at 4 °C.

Note: The bactericide sodium azide can be omitted from APSIS to make the solu-
tion non-toxic. However, such solutions should be discarded if contaminated.

A7.6.3 Additional supplies

In addition to the routine equipment for estimating sperm concentration, the 
preparation of QC samples requires:

� cryovials or other small tubes with tight-fitting lids for storage;

� permanent markers for labelling tubes.

A7.6.4 Procedure

1. Identify semen samples of the approximate desired concentration. The volume 
of preserved semen required will vary according to the needs of the laboratory; 
either use the entire volume of semen available or prepare 4 ml of diluted sperm 
suspension for each concentration.

2. As soon as possible after collecting the semen, dilute it with preservative. If 
APSIS is used for dilution and preservation, the longer the time before dilution, 
the greater the chance of crystal formation following dilution. These crystals 
can interfere with loading the chamber and counting sperm.

3. Transfer the volume of semen required to a 15-ml centrifuge tube. For each ml 
of semen, add either 100 �l of 10% (v/v) formalin, 10 �l of 3 mol/l azide, or 1 ml 
of APSIS.

4. Label all vials to be used for storage of the samples with identifying informa-
tion and the date of preparation. Lids or tops should be removed and the vials 
placed in a rack to permit quick and easy fi lling.

5. Make sure that the diluted, preserved semen is thoroughly mixed throughout 
the allocation process, to ensure that all vials contain similar sperm concentra-
tions. Even minor delays after mixing can allow the spermatozoa to begin to 
settle, altering the concentration in the aliquots. One way to ensure constant 
mixing is to place the centrifuge tube of diluted semen in a rack, and then mix 
the semen continuously with one hand using a plastic transfer pipette, while 
removing the aliquots using a pipette in the other hand.

6. Depending on the needs of the laboratory, each vial should contain 0.5–1.0 ml. 
Storing the samples in 0.5-ml aliquots allows several counts to be made from 
each vial.

7. Once the preserved sperm suspension has been distributed to all the vials, 
they should be tightly capped. Depending on the type of vial used, the lid can 
be sealed with a strip of self-sealing laboratory fi lm. This is not necessary if 
cryovials are used.

8. Repeat the entire process for the remaining semen samples.

9. Store the vials at 4 °C.
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Note: The concentration of the IQC solutions should be determined after the dilu-
tions have been prepared, and should not be assumed from the original semen 
concentration. Once the preserved sperm suspensions have been prepared, a vial 
can be removed as needed and assessed (see Sections 2.7 and 2.8). The results 
can be charted using the procedure described in Section 7.7. All counts should be 
done using the counting method typically used in the laboratory. The section below 
describes the procedure using the haemocytometer. 

A7.6.5 Using the stored IQC samples

� The preserved solutions must be further diluted before counting; the dilution 
will depend on the preservative used. 

� The initial dilution of semen with formalin and azide is minimal, so does not 
need be taken into account. Semen preserved in APSIS is initially diluted two-
fold (i.e. 1 + 1 (1:2)) and this must be taken into account in the final calculation 
of concentration.

� For suspensions diluted in APSIS from semen with an original concentration 
above 25 × 106 per ml, counting is best accomplished using a further 1 + 9 (1:10) 
dilution. This can be obtained by adding 50 �l of preserved sperm suspension 
to 450 �l of purified water. This yields a final semen dilution of 1:20. Do not 
use APSIS as diluent, because this will interfere with the sperm settling on the 
haemocytometer grid.

� For the following steps, all pipettes should be preset to the appropriate volume 
and preloaded with a clean tip for quick removal of the aliquot immediately 
after mixing.

� A dilution vial should be prepared with the appropriate volume of water 
(i.e. 450 �l if making a 1:10 dilution as suggested above). The contents of the 
semen storage vial should be well mixed on a vortex mixer for approximately 
30 seconds at maximum speed. A 50-�l aliquot should then be transferred to 
the dilution vial containing water. The dilution vial should then be vortexed for 
20 seconds at maximum speed. The haemocytometer should be loaded with 
10 �l of suspension, and the spermatozoa counted as described in Sections 
2.8.2 and 2.8.3.

� If the original semen sample used to prepare the preserved semen had a low 
concentration of spermatozoa, the dilution for counting will need to be adjusted 
accordingly. For example, if the original semen concentration was in the range 
of 4–25 × 106 per ml, to create a final dilution of 1:5 as in the laboratory, the 
appropriate additional dilution of APSIS-preserved semen would be 2:5 (2 + 3: 
since the semen has already been diluted 1 + 1 (1:2) with APSIS). This can be 
achieved by diluting 50 �l of the preserved semen with 75 �l of purified water.

� Preserved sperm suspensions stored in the refrigerator should be stable for 
at least 4 months, at which time new solutions should be prepared. It is desir-
able to have a period of overlap, during which the old and new preparations are 
both run, to monitor the transition period.
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A7.7  Preparation of slides for internal quality control of assessment of 
sperm morphology

A7.7.1 General considerations

� Smears can be prepared in the laboratory for use in internal quality control of 
morphology staining and analysis. 

� Multiple smears can be prepared from each of several different semen sam-
ples, representing the range of morphology scored in the laboratory. 

� The smears can be fixed and stored for later use in monitoring the staining and 
analysis procedures. 

� Stained smears can be used individually or in replicate for QC of the morphol-
ogy analysis procedure.

� Use of replicates allows intra-technician precision to be determined. These QC 
slides are also useful when comparing results from different technicians within 
a laboratory, or when comparing analyses between laboratories. 

� Papanicolaou-stained and mounted smears, stored in the dark at room tem-
perature, should be stable for many months or even years.

� The semen must be mixed thoroughly throughout the entire process of smear 
preparation, to ensure that all the smears prepared from a particular semen 
sample are identical. Any major variation detected during analysis can be 
presumed to be a result of the process being monitored (i.e. the morphology 
analysis procedure) and not caused by inadequate mixing of the semen during 
slide preparation. 

A7.7.2 Procedure

1. Transfer the semen from the specimen container into a 15-ml centrifuge tube. 
This will allow easier and more thorough mixing during the slide preparation 
process.

2. Clean both surfaces of frosted glass slides by rubbing vigorously with lint-free 
paper tissues.

3. Label the frosted slides with identifying information (e.g. identifi cation number 
and date) using an HB (number 2) lead pencil. Pencil markings are stable 
through fi xation and Papanicolaou staining of slides; ink markings from pens 
and some permanent markers are not. 

4. Attach a clean tip to the pipette and set the volume to 10 �l (or the volume rou-
tinely used in the laboratory for preparation of morphology smears).

5. The semen must be thoroughly mixed during the entire process, to ensure that 
all smears are as similar as possible. After mixing, even minor delays before 
removing the aliquot can allow the sperm to begin to settle, altering the popula-
tion of spermatozoa delivered to the slide.

6. Mix the sample well in the centrifuge tube by aspirating it 10 times into a wide-
bore (approximately 1.5 mm diameter) pipette equilibrated to the temperature of 
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the sample. This process should be vigorous enough to mix the semen, yet not 
so vigorous that it creates bubbles. 

7. Immediately after mixing, without allowing time for the spermatozoa to settle 
out of suspension, place 10 �l of semen on the clear end of one of the cleaned 
slides. It is important not to let the drop of semen remain on the slide for more 
than a couple of seconds before smearing.

8. Smear the aliquot of semen over the surface of the slide using the feathering 
technique (see Section 2.13.2). In this procedure, the edge of a second slide is 
used to drag the drop of semen along the surface of the slide. Be sure to use 
the slide to “pull” the semen across the slide: do not use the slide to “push” the 
semen from behind. Care must be taken not to make the smears too thick, or 
there will be overlapping or clumped spermatozoa and more background stain. 
The separation of the spermatozoa on the slide depends on the volume of 
semen and the sperm concentration, the angle of the dragging slide (the small-
er the angle, the thinner the smear) (Hotchkiss, 1945) and the speed of smear-
ing (the more rapid the movement, the thicker the smear) (Eliasson, 1971).

9. Repeat steps 6–8 for the remaining slides, making only one slide after each 
mixing to ensure the spermatozoa do not settle before the aliquot is removed. 
If there is a pause of more than a couple of seconds after mixing, the semen 
should be remixed before the aliquot is removed.

10. Once the technique is established and the preparation is going smoothly, it 
may be possible to make two or three slides after each mixing. The aliquots 
should all be removed immediately after mixing, and the two or three smears 
made as quickly as possible, within a few seconds.

A7.8 Calibration of equipment
� Pipettes, counting chambers and other equipment should be calibrated at 

6-monthly or yearly intervals.

A7.8.1 Balances

� Balances should be checked regularly with internal calibrators, and by external 
calibration at the time of regular laboratory maintenance service.

� Calibrate balances by weighing external standard weights (e.g. 1, 2, 5 and 10 g 
to cover the range of semen weights).

� Repeat measurements 10 times and calculate the mean, SD and coefficient of 
variation (CV) (= 100 × SD/mean). 

� Check the accuracy (that the stipulated weight falls within 2 SD of the meas-
ured mean).

A7.8.2 Pipettes

� Calibrate pipettes by aspirating purified water up to the graduation mark and 
dispensing into tared weighing boats. 

� Calculate the anticipated volume from the weight of water pipetted assuming a 
density of 1 g/ml.
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Note: The density of water decreases with temperature (Lentner, 1981). It is 
0.9982g/ml at 20 °C, 0.9956 g/ml at 30 °C and 0.9922 g/ml at 40 °C. For purposes 
of calibration, however, an assumed value of 1.0 g/ml is adequate.

� Repeat measurements 10 times and calculate the mean, SD and CV (= 100 × SD/
mean).

� Check the accuracy (that the stipulated volume falls within 2 SD of the measured 
mean).

A7.8.3 Depths of chambers

� Measure the depth of counting chambers using the Vernier scale on the fine focus 
of a microscope. Focus first on the chamber grid and then on an ink mark on the 
underside of the coverslip. Measure the number of graduation marks between the 
two points.

� Repeat the measurement 10 times and calculate the mean, SD and CV 
(= 100 × SD/mean).

� Check the accuracy (that the stipulated depth falls within 2 SD of the measured 
mean).

A7.8.4 Incubators

� The temperature of incubators and warm stages should be checked with ther-
mometers that are, in turn, regularly calibrated. 

� CO2 gas mixtures should be checked daily with the incubator readout, or by other 
gas analyser systems, weekly to monthly, and by gas sampling at the time of 
servicing.

A7.8.5 pH paper

� This should be checked against known pH standards.

A7.8.6 Other equipment

� Other laboratory equipment and reagents, such as pH meters, should also be 
checked against standards at 3- to 6-month intervals.
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APPENDIX 8  National external quality control programmes 
   for semen analysis

Australia: Fertility Society of Australia, External Quality Assurance Schemes for 
Reproductive Medicine, PO Box 1101, West Leederville, Western Australia 6901, 
Australia

Denmark: Dansk Institut for Ekstern Kvalitetssikring for Laboratorieri, Sundheds-
sektoren, DEKS 54MI, Herler Universitets sygehns, Herler Ringvej 75, 2730 Herlor, 
Denmark

Germany: QuaDeGA, Centrum für Reproduktionsmedizin und Andrologie der Uni-
versitätsklinikum, Domagkstrasse 11, D-48129 Münster, Germany 

Italy: Valutazione Esterna di Qualità, Gruppo Controllo Qualità Analitico Azienda 
Ospedaliero-Universitaria di Bologna, Policlinico Sant’Orsola-Malpighi, Bologna, 
Italy

Scandinavia: NAFA (Nordic Association for Andrology), Andrology Unit, Repro-
ductive Medicine Centre, Karolinska Hospital, PO Box 140, SE-171 76 Stockholm, 
Sweden 

Spain: Centro de Estudio e Investigación de la Fertilidad (CEIFER), Granada, Spain 

United Kingdom: UKNEQAS Schemes for Andrology, Department of Reproductive 
Medicine, St Mary’s Hospital, Manchester M13 0JH, United Kingdom

United States of America: American Association of Bioanalysts Profi ciency Testing 
Service, 205 West Levee, Brownsville, Texas 78520-5596, USA
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