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Abstract

The new World Health Organization (WHO) Manual for Semen Analysis contains several improvements.  One is that 
the 20 million spermatozoa per mL paradigm has been ousted in favour of proper calculations of lower reference limits 
for semen from men, whose partners had a time-to-pregnancy of 12 months or less.  The recommendation to grade the 
progressive motility as described in the third and fourth editions of the WHO manual was not evidence-based, and WHO 
was therefore motivated to abandon it.  However, the new recommendation is not evidence-based either, and it is difficult 
to understand the rational for the new assessment.  It may have been a compromise to avoid returning to the rather robust 
system recommended in the first edition (1980).  The unconditional recommendation of the ‘Tygerberg strict criteria’ is 
not evidence-based, and seems to be the result of an unfortunate bias in the composition of the Committee in favour of 
individuals known to support the ‘strict criteria’ method.  This recommendation will have negative effects on the develop-
ment of andrology as a scientific field.  Given the importance of the WHO manual, it is unfortunate that the recommenda-
tions for such important variables, as motility and morphology, lack evidence-based support.
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1     Introduction

Through its cellular and chemical components, human 
semen can provide information on the functional proper-
ties of the organs producing this fluid.  Spermatozoa can 
provide information on the health of the testes and the 
epididymides, and thus have the potential to be markers 
of toxic factors, such as drugs and endocrine disruptors, 
as well as markers of general health.  It is well known that 
drugs, infections, fever and psychological stress can af-
fect spermatogenesis.  Spermatozoa can provide valuable 
information on processes related to cellular events (e.g., 
metabolism, motility, surface properties, immunology and 
cellular interactions) because they are intact cells available 

for analysis that do not require mechanical or chemical 
destruction of tissues.  Semen analyses can also provide 
quantitative information on the secretory function of the 
prostate, seminal vesicles and epididymides, as well as on 
the secretion of drugs and other chemicals by these glands. 
Semen contains high concentrations of immunomodu-
lating factors, such as prostaglandins and prostasomes, 
which are of importance for the survival and transport of 
spermatozoa within the female genital tract.  Prostasomes 
may even contribute to the high incidence of cancer in the 
prostate gland.  The epididymides are not only involved in 
the transport of spermatozoa, but also participate actively 
in the maturation and fertilization capacity of these cells.  
Semen thus contains a wealth of information for those 
who recognise its potential.

Successful researchers will most likely be the ones 
who follow the advice of the Nobel Laureate Dr Richard 
Feynman [1], who claimed that only those who can dis-
regard what everybody else has been doing and plough 
their own furrow will be able to make a breakthrough in 
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science.  From this point of view, it is untimely that the 
World Health Organization (WHO) manual acknowledges 
the usefulness of semen analyses only for ‘investigating 
male fertility status as well as monitoring spermatogenesis 
during and following male fertility regulation’.

The overall impression of the new manual compared 
with the third and fourth editions is that many important 
improvements have been introduced.  There have even 
been two paradigm shifts, both of which can influence 
future work and publications on semen analyses in a posi-
tive manner.  A paradigm shift normally occurs after a few 
decades, so the time clearly is ripe for these two.  In addi-
tion, the section devoted to quality control has been totally 
rewritten and can now be recommended.

2    Reference limits

One paradigm shift relates to the introduction of refer-
ence limits and thus eliminates the arbitrary cutoff values 
for various variables.  With guidelines for establishing 
reference values and for the performance of meaningful 
quality controls, the manual has created a basis for those 
involved in semen analysis to work according to standards 
valid for other specialities within the field of laboratory 
medicine.  This is a significant step in the right direction.

It is generally accepted that one ‘not normal’ result for a 
given analysis has little or no prognostic value and that it is 
essential to consider the cumulative importance of various 
laboratory findings.  This aspect has been neglected in the 
manual (for a discussion of this subject, see reference [2]).

3     Number of spermatozoa

The other paradigm shift relates to the relationship be-
tween sperm numbers and potential fertility.  The delusion 
that ‘20 million spermatozoa per mL’ is a meaningful limit 
for ‘fertile’ vs. ‘infertile’ semen samples has finally been 
replaced with a proper calculation of reference intervals 
based on analyses of semen samples from relevant popu-
lation groups.  The manual plays down the relationship 
between semen variables and fertility; hopefully, this will 
result in a more realistic view of ‘sperm count and ferti
lity’ among clinicians.

An unwarranted amount of attention has been given to 
the relationship between the total number of spermatozoa 
in a semen sample and the testicular size.  It is presented 
as being important, although clinically such a relationship 
is weak.  The following quotation is an example: ‘The size 
of the testis... influences the total sperm number per ejacu-
late (Handelsman et al. [3], Andersen et al. [4]).  Testis size 
reflects the level of spermatogenic activity, which also af-
fects sperm morphology (Holstein et al. [5]).’

In the publication by Holstein et al. [5], there is no 

support for the claim that testis size affects sperm mor-
phology.  Obviously testis size has an influence on sperm 
count, and if all other variables are equal, there will be 
a good correlation.  However, in references [3] and [4], 
one notes that the correlation between total sperm count 
and testicular size is low.  This is to be expected because 
most patients do not have totally healthy testes or the same 
number of abstinence days.

From a functional (physiological) point of view, the 
laboratories ought to express sperm count in numbers 
per day.  It is then up to the physician to relate this num-
ber to the combined size of the testes.  Only then will 
the physician have a meaningful functional measure that 
can be related to testicular health (Table 1).  To calculate 
this functional variable, one needs to know the testicu-
lar size.  It is unfortunate—but understandable—that 
there is no information in the manual regarding how to 
perform such a measurement, nor is there a comment on 
its importance.  Testis size can be measured accurately 
with a Prader orchidometer (http://www.accuratesurgical.
com or http://ecommerce.med.monash.edu.au/categories.
asp?cID=15&c=23827) or with ultrasound examination. 
During the investigation, the patient should lie flat on his 
back.

In a yet unpublished study on 100 men whose part-
ners were pregnant in the first trimester, I found 0.25 mil-
lion spermatozoa per day per mL testis volume to be the 
lower (5%) reference limit.  This has been very helpful in 
my contacts with patients who have a ‘low sperm count’ 
(i.e., < 20 million mL-1), and who are therefore classified 
by most colleagues as ‘infertile’.  If a man has only one 
testis, 12 mL in size, and a semen sample is presented 
after 3 days of abstinence, the ‘lower reference limit’ for 
the sperm count (number per ejaculate) will be around 
10 million (12 × 3 × 0.25).  This reference limit refers to the 
testicular sperm-producing capacity and not to ‘fertility’.  
Assessing the functional capacity of organs related to a 
patient’s symptom should be the norm in andrology, as it 
is in other medical specialities.

Table 1.  In a routine evaluation, patient A had been classified as 
‘fertile’ and patient B as ‘infertile’. In reality, B has a testicular 
function that is four times better than that of A.
Patient	                                                      A	  B
Concentration of spermatozoa (million mL-1)	 30	 10
Volume (mL)                                                           2	  6
Total number of spermatozoa (million)	                 60	 60
Abstinence (days)	                                                  5	  2
Number of spermatozoa per day (million)	 12	 30
Testis size (mL)	                                                 20 + 20    12 + 12
Number of spermatozoa per day                            0.3           1.25
  per mL testis volume (million)
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The attitude presented in the new WHO manual [6] is 
a start, and in the future it may make investigators more 
inclined to adopt a functional attitude and make journal 
editors request that sperm numbers be presented as a func-
tional unit (i.e., million spermatozoa per day of abstinence 
and in clinical settings also per mL testicular volume).  
The sperm concentration paradigm has been a millstone, 
preventing scientific advances in andrology for too long.

The reference range for sperm concentration in semen 
samples from ‘fertile men’ presented in the new WHO manual 
fits the range presented by Eliasson [7] in the 1970s (Figure 1).  
The difference between the two distributions can be explained 
by the fact that men in the study from 1970 had given semen 
samples within 3 months from the date of the partner’s con-
ception, and all samples were analysed in the same laboratory 
(with a working internal quality control programme), whereas 
the WHO data came from five studies, including seven labo-
ratories in eight countries on three continents, and the men 
were selected because the time-to-pregnancy (TTP) was ≤ 12 
months.

The low sperm concentration noted in 5% of se-
men samples from men classified as fertile because they 
had a pregnant partner conforms to what was published 
in the 1970s by David et al. [8], Eliasson [7], MacLeod 
and Wang [9], Smith et al. [10], Sobrero and Rehan [11], 
Zuckerman et al. [12], van Zyl et al. [13], and others. 
Maybe the lower reference limit presented by WHO to-
gether with these supporting references can finally over-
throw the 20 million mL-1paradigm.

4     Motility and viability of spermatozoa

The third and fourth editions of the manual recom-
mended a method for assessment of sperm motility that 
was impossible to implement with any degree of accuracy 
and precision because of the physiological characteristics 
of the human visual system [2].  This has now been ac-
knowledged by the WHO Committee, and new guidelines 
have been provided.

In the new manual, the percentage of motile sperma-
tozoa and the proportion of progressively motile sperma-
tozoa are assessed irrespective of speed.  To ignore the 
speed (quality) of progressive motility is to neglect the 
very important qualitative mean of progressive motility.  
The absence of this measure is most unfortunate because 
mean quality of the progressive motility is an important 
prognostic fertility factor, specifically when the propor-
tion of motile spermatozoa is below 40%.  A method that 
disregards the quality of the progressive motility cannot 
be considered suitable for studies related to fertility or to 
the effects of exogenous factors (e.g., drugs) on sperm 
motility.  It would have been better to return to the method 
recommended in the first edition of the WHO manual 
published in 1980.  The compromise chosen is neither 
evidence-based nor scientifically sound.

5    Morphology of spermatozoa

In a chapter published in 2003 [2], I presented his-
torical, philosophical and personal views on the assess-
ment of sperm morphology.  I found it incomprehensible 
that the principle of ‘strict criteria’ was recommended by 
WHO in both the third and the fourth editions.  As many 
publications dealing with sperm morphology proved that 
the authors did not understand the recommendation, the 
new WHO manual is more explicit in emphasizing ‘strict 
criteria’ (also called ‘Tygerberg strict criteria’).  The 95% 
reference interval for ‘normal’ spermatozoa in semen sam-
ples from fertile men has—according to the manual—a 
range from 3% to 48%.

Previously, I have classified the recommendation to 
assess sperm morphology according to the ‘Tygerberg 
strict criteria’ as not being scientific.  The data presented 
in the new manual do not warrant a change in my opinion.  
However, there may be a need to explain further the rea-
sons for my standpoint.

All clinical laboratory analyses are performed to assist 
the physicians in their work to make the most probable 
diagnosis.  The laboratories must therefore be able to pro-
vide established reference intervals for the methods they 
market.  Values falling inside the reference range 2.5%–
97.5% (or 5%–95%) are, by tradition, called ‘normal’, and 
those falling outside are ‘not normal’ or ‘pathological’.  

Figure 1. Cumulative probability distribution (%) of sperm 
concentration (million mL-1) in semen from men classified as 
‘fertile’.
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By definition, some 5% of healthy individuals will have 
values outside the 95% reference intervals, and one of 100 
will fall outside the 99% confidence interval (CI).

All laboratory methods have preanalytical and analyti-
cal (systematic and random) errors.  Therefore, for each 
individual laboratory result, we must know the CI for 
the ‘correctness’ of that result (i.e., precision, accuracy, 
sampling error) to understand whether a value is inside 
the ‘reference limits’ or not.  In addition, the area within 
which a ‘pathological value’ can be placed must have a 
reasonable size.  When the ‘normal’ values go to zero or 
very close to zero, no such place is available for the ‘not 
normal’ or ‘pathological’ variable.  In biology, we cannot 
work with ‘negative numbers.’

In sperm morphology the results are reported in terms 
of proportions, expressed as a percentage.  According to 
the formula presented in the WHO manual, a result of 5% 
‘normal’ will have a 95% CI from 2% to 8%, meaning that 
the ‘true’ value with 95% probability is inside the limits of 
2%–8%.  However, the formula used is relevant for prob-
ability values between 20% and 80% (also mentioned in 
the manual).  As the ‘strict criteria’ rarely give proportions 
over 20%, one should use another formula (see Altman et al. 
[14]) and then the corresponding CI for 5% will range 
from 3% to 9% (note that it is a non-symmetrical CI).  (In 
the manual, there is a formula to be used for proportions 
< 20% or > 80%, [angular transformation (arc sin square 
root) z = sin-1√(p/100) with its standard deviation 1/(2√N) 
radians], but as there is no working example, it will hardly 
be understood by those for whom the manual is written).

In the WHO manual, the lower limit for ‘normal’ 
spermatozoa is 2%, with a CI from 0.8% to 5%.  If a sec-
ond analysis of the same sample will give 7% ‘normal’ 
spermatozoa, that value has a 95% CI from 4% to 11%.  
Owing to the overlap in CIs, the result (7%) does not sig-
nificantly differ from the first result (2%).

The formulae for calculating the CI values (95% 
probability of correctness) discussed above are valid only 
if there are two alternatives (e.g., sick/healthy, normal/
not normal, tall/short, black/white).  However, in the as-
sessment of human spermatozoa, we do not have a yes/no 
situation.  Let us compare a totally ‘normal’ spermatozoon 
with a white object and a clearly abnormal spermatozoon 
with a black object.  A large number of spermatozoa will 
then have different combinations of white and black (i.e., 
different degrees of grey).

Some may claim that this is not a problem because the 
visual system is good at differentiating between different 
colours and grades of grey.  This is not the case. The brain 
is rational, but not very objective, and it is definitely not a 
light meter.  It is very good at breaking image information 
into pieces and then combining these pieces into a mean-
ingful picture (i.e., something one can recognise and act 

upon).  Figure 2 illustrates one aspect of this.  The ‘nor-
mal’ person will see two squares (A and B) with different 
degrees of grey, despite the fact that they both have exactly 
the same proportions of white and black (the same shade of 
grey).  The proof can be found at http://web.mit.edu/persci/
people/adelson/checkershadow_downloads.html, and the 
explanation for it can be found at http://web.mit.edu/persci/
people/adelson/checkershadow_description.html.  A more 
scientific description is given by Adelson [15].

More on the realities behind ‘optical illusions’ (and 
‘change blindness’) can be found using Google or Wiki-
pedia.  Such illusions are a reality and can influence our 
views also on micrographs.

Figure 3 contains the morphological data taken from 
Appendix Table 1.2 in the 5th WHO manual [6], data from 
my own laboratory as they were in the early 1980s, and in-
formation from Morgentaler et al. [16]. The shaded areas 
represent the 95% CI when calculated according to Altman 
et al. [14] and under the assumption that all assessments 
are fully dichotomised.  This is not always the case, and 
there are often ‘uncertain cases’; thus, the real CIs have a 
wider range.

The lines referring to Morgentaler et al. [16] are 
constructed from data in their publication and refer to 
the assessment according to ‘strict criteria’ or ‘traditional 
morphology’ (WHO 1987), respectively.  The conclusion 
drawn by Morgentaler et al. [16] was that ‘comparison of 
traditional morphology and strict criteria with regard to in 
vitro fertilization (IVF) outcome favored traditional mor-
phology in several areas.  In particular, low scores were 
more predictive of poor IVF outcome’.

One reason for the better agreement with the ‘tradi-

Figure 2.  In this checker-shadow image, the squares A and B 
have exactly the same shade of grey. The brain computes a picture 
that makes sense in relation to its previous experiences, and the 
interpretation is that A is much darker than B.  Reproduced from 
Adelson [15].
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tional method’ is simply logical, as discussed above. With 
the ‘strict criteria’, one is so close to the ordinate that there 
is no place for the ‘not normal’.

The article by Morgentaler et al. [16] was quoted by 
Mortimer and Menkveld [17], who classified it as one of 
the ‘occasional publications with negative reports’ and by 
Eliasson [2]. In the ‘structured reviews’ by Coetzee et al. 
[18] and Van Waart et al. [19], and in the fifth edition of 
the WHO manual [6], one cannot find any reference to this 
publication.

The review by Van Waart et al. [19] is informative. 
From 421 seemingly valid abstracts, only 51 articles ful-
filled the inclusion criteria.  Of these, only nine (!) had 
sufficient data to be analysed statistically.  A majority sup-
ported the ‘Tygerberg strict criteria’.  However, most of 
these came from the same research groups or institutions, 
and the work by Morgentaler et al. [16] was excluded.  
These facts ought to be viewed in the light of the claims 
that the ‘Tygerberg strict criteria’ are supported by a ‘myriad 
of publications’ (e.g., [20]).

Section 2.13.2 of the new WHO manual [6] states, ‘By 
the strict application of certain criteria of sperm morpholo
gy, relationships between the percentage of normal forms 
and various fertility endpoints (TTP, pregnancy rates in vivo 
and in vitro) have been established (Eggert-Kruse et al. [21]; 

Jouannet et al. [22]; Coetzee et al. [18]; Toner et al. [23]; 
Menkveld et al. [24]; Van Waart et al. [19]; Garrett et al. 
[25]; Liu et al. [26]) that may be useful for the prognosis 
of fertility’.  Hopefully these authors used ‘strict applica-
tion of (their own) criteria’, but that is not to be confused 
with the application of ‘strict criteria’.  Many of the ar-
ticles quoted did not use ‘strict criteria’ as presented in 
the manual. For example, Jouannet et al. [22] did not use 
that classification ‘strict criteria’ at all. Liu et al. [26] also 
fall into the same group, and they wrote that ‘Normal 
sperm morphology (zona pellucida-bound, %)’ was the 
same in the fertile and infertile groups (60% vs. 54%; not 
significantly different).  Menkveld et al. [24] came to the 
following conclusion: ‘For sperm morphology evaluated 
according to WHO criteria (1992—traditional method), 
the best cut-off point to identify the males with a possible 
subfertility problem based on the results of the fertile and 
subfertile populations investigated in this study was ≤ 30% 
morphologically normal spermatozoa with a sensitivity 
and specificity of 74.5% and 76.6%, respectively.  For strict 
criteria, the cut-off point was ≤ 4% morphologically normal 
spermatozoa with a sensitivity of 74.5% and a specificity 
of 77.4%’.  Please, note that there is hardly any difference 
between the two methods with reference to sensitivity and 
specificity.

The ‘cutoff point’ of ≤ 30% for ‘normal’ spermatozoa 
according to the ‘traditional method’ coincides with the 
reference limits found by both Eliasson [2] and Morgentaler 
et al. [15] (Figure 3).  Toner et al. [23] from the Norfolk 
group, wrote that when they used logistic regression, mor-
phology was the best predictor of pregnancy with a corre-
lation coefficient (r) of 0.12.  One can discuss whether an 
analysis with logistic regression allows for the use of ‘r’, 
but the ‘correlation’ is, by all standards, very weak.

Section 2.13 of the manual says: ‘Using these guide-
lines (‘strict criteria’—my comment), the range of percent-
age normal values during analysis of fertile and infertile 
men is likely to be in the range of 0%–30%, with few 
samples exceeding 25% normal spermatozoa [6]. This low 
value will inevitably produce low thresholds discriminat-
ing between fertile and infertile populations; indeed with 
this method reference limits and thresholds of 3%–5% 
normal forms have been found in studies of in vitro fer-
tilization (Coetzee et al. [18]), intra-uterine insemination 
(Van Wart et al. [19]) and in vivo fertility (Van der Merwe 
et al. [27])’.  When these three supporting references are 
‘decoded for identity’, one finds that all involved are well 
known for their work in favour of the ‘Tygerberg strict cri-
teria’, for their engagement in assisted reproduction tech-
nology (ART) and for their many joint publications.  The 
WHO Committee should have treated these three referen
ces as one in a discussion ‘for’ or ‘against’ ‘strict criteria’.

The objective was to produce a manual on evidence-

Figure 3. Cumulative probability distribution of spermatozoa 
with ‘normal’ morphology (%) in semen samples from men 
classified as ‘fertile’ (Eliasson [2] and WHO manual (2010) [6] 
or fertilizing one or more eggs in vitro (Morgentaler et al. [16]). 
Eliasson classified the spermatozoa after the principles presented 
in WHO 1980–87 (the ‘traditional system’). The classification 
system used by WHO was the ‘Tygerberg strict criteria’. 
Morgentaler et al. [16] compared the two methods. The shaded 
areas correspond to the 95% confidence interval [CI] for data 
from WHO manual [6] and Eliasson [2], respectively. 
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based medicine.  It is therefore surprising to find that the 
WHO manual gives an unrestrictive recommendation for 
‘strict criteria’ when it is known to be a controversial sub-
ject, and the support presented in the manual must be clas-
sified as weak.  The likely explanation is the fact that the 
Committee had more members who supported the ‘Tyger-
berg strict criteria’ than opponents of it.  This unfortunate 
bias must be avoided in future committees when WHO is 
dealing with controversial issues.

For those involved in ART, it is important that the 
methods be easy to teach and inexpensive to perform. In 
addition, the methods should maximize the proportion of 
candidates for the ART treatments.  Coetzee et al. [18] 
wrote, ‘The inclusion of an accurately evaluated normal 
sperm morphology count as an integral part of the standard 
semen analysis makes this analysis still the most cost-
effective means of evaluating the male factor’.  Staining 
the spermatozoa with the ‘Quick-diff’ is much faster and 
cheaper than with the Papanicolaou method.  Technicians 
are not expected to find more than 5%–20% ‘normal’ sper-
matozoa.  Physicians working with ART now have well-
established methods, and the competition is on a totally 
different level.  As we live in a competitive world, I can 
understand the attitude.

On the other hand, there are a number of reasons to 
regret that so many outside the ART field have uncriti-
cally accepted a non-scientific method for studies of the 
human male reproductive tract.  All studies related to the 
effect of environmental factors on sperm morphology will 
be useless if the assessment is done with the ‘Tygerberg 
strict criteria’ simply because there is no room for any ab-
normalities caused by such factors. When one starts with 
a ‘normal range’ from 3% to around 50% for ‘normal’ 
spermatozoa and considers the size of methodological er-
rors, one cannot find a population that is significantly dif-
ferent from the ‘normal’ one, unless environmental factors 
have significantly increased the percentage of ‘normal’ 
spermatozoa.  Many studies on the potential danger from 
xenobiotic factors have been published.  Some claim that 
a decrease in the percentage of ‘normal’ spermatozoa was 
observed, whereas, others did not find such an effect.  I 
see no reason to single out any specific article but regard 
all this work as not meaningful and thus as an enormous 
waste of resources.  In addition, it may be a danger to the 
public health, if incorrect conclusions are drawn from 
these studies.

The ‘Aims of the manual’ section states, ‘The me
thods described here are guidelines to be used to improve 
the quality of semen analysis and comparability of results 
by the use of standard methods.  They should not neces-
sarily be taken as obligatory by local, national or global 
laboratory accreditation bodies’.  The reality of life is that 
a majority of research workers and administrators will not 

read this, rather weak, ‘disclaimer’ (note the words ‘not 
necessarily’), and the methods presented in the manual 
will thus be regarded as the ‘gold standard’.  Very few 
will understand that the manual is written mainly for those 
dealing with ART and with conventional studies of male 
contraception. 

For the manual to be compiled and published, there must 
have been consensus among the WHO Committee members.  
It is necessary to quote from Dr Michael Fox, who discusses 
consensus as nonsensus in science [28]: ‘The concept of 
consensus means little more than a majority of opinions on a 
given matter.  In politics this is the best we can do in making 
decisions to proceed with political actions.  In the scientific 
world consensus is meaningless, often unscientific, and worse, 
often wrong.  Even the act of seeking such a consensus as 
a form of proof is not science ...  Serious scientists should 
welcome criticism, and many have in the past. Hypotheses 
are to be examined, modified, or abandoned, while know
ledge is advanced, understanding improved.  But it is not 
welcomed these days, which is, sadly, a most unscientific 
situation’.

I agree fully with Dr Fox and others claiming the same 
thing (e.g., the previously mentioned Dr Richard Feynman 
[1]).  I have not found the WHO manual to provide any 
scientific support in favour of the ‘strict criteria’ method, 
and I therefore do not understand how it can be promoted 
as the only option.

It would be most unfortunate if my critique of the 
method for assessment of sperm morphology and sperm 
motility were conceived as a general critique of the new 
WHO manual.  In my mind, it has many good points, and 
my disagreements on details in other fields can, without 
difficulty, be concealed or discussed elsewhere.
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