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           Introduction 

    Infertility is defi ned as the inability to achieve a 
natural pregnancy after 1 year of unprotected 
intercourse and a male component is a contribut-
ing factor in roughly 50 % of couple infertility 
[ 1 ]. A cross-sectional study in the United States 
estimated that approximately 3.3–4.3 million 
men sought medical advice for infertility evalua-
tion [ 2 ]. The evaluation of male factor infertility 
includes a detailed history, physical examination, 
and two or three semen analyses performed at 
3 months interval. 

 The semen analysis is one of the most impor-
tant investigations in the assessment of male fertil-
ity potential. The semen analysis provides a global 
measure of testicular and epididymal function (for 
sperm production and maturation, respectively), 

vasal patency (for sperm transport), and accessory 
sexual gland function (for production and delivery 
of seminal plasma). The semen parameters that are 
measured on a basic semen analysis include (1) 
semen volume, (2) sperm concentration and total 
count, (3) sperm motility, (4) sperm morphology, 
(5) sperm viability, (6) semen leukocyte concen-
tration, and (7) semen pH. However, the measure-
ment of all of these parameters on the semen 
analysis does not allow us to clearly differentiate 
fertile from infertile men because there is signifi -
cant overlap in semen parameters between these 
two groups of men. 

 The history of the modern semen analysis 
dates back to the 1920s, when Macomber and 
Sanders assessed human semen and reported a 
median sperm concentration of 100 million sper-
matozoa per milliliter, using blood pipettes and a 
counting chamber [ 3 ]. In the 1950s, Macleod 
et al. compared the semen analyses of 1,000 fer-
tile and 1,000 infertile couples to assess the dif-
ferences in semen parameters between the two 
groups [ 4 – 7 ]. Given the increased demand to 
standardize the semen analysis worldwide, the 
World Health Organization (WHO) sets forth to 
standardize the evaluation and interpretation of 
the semen analysis and published a fi rst manual 
on the examination of human semen in 1980. The 
semen analysis guidelines (and reference values) 
reported in the fi rst WHO manual (1980) and in 
the subsequent versions (1987, 1992, and 1999) 
were largely based on the consensus of a panel of 
experts. The 1980–1999 WHO manuals were 
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based on very little data on semen parameters of 
fertile men (recent fathers) and this has led some 
centers to view the reference values as either too 
high or too low [ 8 – 12 ]. Moreover, the authors 
(expert panel) of the fi rst four editions of the 
WHO manuals acknowledged that the semen 
analysis reference values lacked validity because 
they were not evidence-based [ 13 – 16 ].  

    WHO 5th Edition Manual 
for Examining Semen Analysis 

 The most recent WHO semen analysis manual 
was published in 2010. Unlike prior WHO semen 
analysis manuals, the authors of the recent WHO 
manual (2010) reported evidence-based refer-
ence values for semen parameters [ 17 ]. The data 
used to generate the new semen parameter refer-
ence values were obtained from multinational 
studies of recent fathers with a known time to 
pregnancy (all had a time to pregnancy of 12 
months or less). The total dataset was derived 
from fi ve studies (conducted in seven countries) 
and included a total of 1,953 semen analyses 
(Table  1.1 ) [ 11 ,  12 ,  17 – 23 ]. Using the entire data-
set of 1,953 semen analyses, the authors of the 
new WHO semen analysis guidelines set the 
semen parameter reference values at the lower 
5th percentile. As such, according to the new 
WHO semen analysis guidelines, men who have 
one or more semen parameters below the lower 
5th percentile are deemed to have an abnormal 
semen analysis. Nonetheless, it is important to 

remember that all of the 1,953 men from whom 
the semen parameter reference values were 
derived had fathered a child, including those men 
with an abnormal semen analysis.

   There are several important changes in the cur-
rent WHO semen analysis guidelines when com-
pared to previous guidelines [ 17 ]. One of the 
notable aspects of the current WHO semen param-
eter cutoffs is that they are lower than reported in 
the previous WHO manuals (Table  1.2 ). These 
lower reference values in no way indicate a 
decline in semen quality but, rather, are simply a 
refl ection of the new methods of establishing the 
cutoff values. Also, the assessment of motility has 

   Table 1.1    Reference studies used to establish the new WHO semen parameters   

 Study  Countries 
 Sample size 
with TTP a  

 Number of semen 
analysis provided 
per participant 

 Sperm morphology 
evaluation criteria 

 Bonde et al. (1998) [ 11 ]  Denmark  265  1  David 
 Auger et al. (2001) [ 19 ]  France, Denmark, 

United Kingdom, 
Finland 

 900  1  David, Tygerberg 
(strict)  Jorgensen et al. (2001) [ 20 ] 

 Jensen et al. (2001) [ 23 ] 
 Slama et al. (2002) [ 12 ] 
 Swan et al. (2003) [ 21 ]  United States  493  2  Tygerberg (strict) 
 Haugen et al. (2006) [ 22 ]  Norway   89  1  Tygerberg (strict) 
 Stewart et al. (2009) [ 18 ]  Australia  206  2  Tygerberg (strict) 

   a The numbers were adapted from cooper et al. [ 17 ]  

   Table 1.2    Cutoff reference values of the previous and 
current WHO manuals   

 Semen 
characteristics  WHO 1999  WHO 2010 

 Volume (ml)  2  1.5 
 Sperm 
concentration 
(million per ml) 

 20  15 

 Sperm count 
(million) 

 40  39 

 Total motility (%)  50  40 
 Progressive 
motility a  (%) 

 25 (grade 
a only) 

 32 (grade 
a + b) 

 Vitality (%)  75  58 
 Morphology b  
(% of normal sperms) 

 14  4 

 Leukocyte count 
(million per ml) 

 Less than 1  Less than 1 

   a Grade a is considered rapid progressive motility; grade b 
is considered sluggish progressive motility 
  b Morphology values using strict criteria  
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been simplifi ed to include two motility categories 
(progressive and nonprogressive) rather than the 
three categories previously reported: rapid pro-
gressive (grade a), slow progressive (grade b), and 
nonprogressive (grade c) motility. This modifi ca-
tion in motility evaluation was meant to allow the 
technician to assess sperm motility in a more 
objective manner. However, combining rapid 
(grade a) and slow progressive motility (grade b) 
into a single reading is a less accurate means of 
reporting sperm motility and it is unclear how this 
will affect management of the infertile male. In 
the current manual, sperm morphology is reported 
using strict methods (Tygerberg and David) [ 24 ].

       WHO 2010: Limitations 

 Although the new WHO manual semen parameter 
reference values are evidence-based (derived from 
controlled studies of recent fathers), these refer-
ence values have several limitations. One of the 
notable limitations is that the sample size ( n  = 1953) 
from which these reference values were derived is 
relatively small. Also, the mean age of the fathers 
was 31 years with only ten men above the age of 
45 years, thereby limiting the relevance of these 
reference values to older men [ 17 ]. Another limita-
tion is that the men who were tested came from 
seven countries and three continents, with 55 % of 
the population originating from western European 
cities. This means that in the development of the 
new reference values, there was clear overrepre-
sentation from some continents (Europe) and no 
representation from others (e.g., Africa, Asia). 
This is an important limitation because regional 
differences in semen parameters between different 
European cities have been reported [ 20 ]. Moreover, 
Swan et al. [ 21 ] have also observed differences in 
semen parameters between different cities in the 
United States. 

 The reference values are based on studies that 
included men who had submitted only one semen 
analysis [ 12 ]. It is well known that the results of 
the semen analysis can vary markedly both 
between different men as well as between different 
ejaculates from the same man [ 25 ,  26 ]. Also, a fair 
number of men included in these studies had con-

ditions or prior exposure that might have affected 
their reproductive health (e.g., prior  chemotherapy, 
radiotherapy, and cryptorchidism) [ 12 ,  20 ] with an 
indirect effect on their semen analysis. Lastly, the 
studies included in the new WHO manual used 
two different sperm morphology evaluation crite-
ria. Auger et al. [ 19 ], Bonde et al. [ 11 ], Jorgensen 
et al. [ 20 ], Jensen et al. [ 23 ], and Slama et al. [ 12 ] 
all used David sperm morphology criteria method 
which differs from the strict or Tygerberg sperm 
morphology used by the other studies. Thus, the 
latest WHO reference value for sperm morphol-
ogy do not accurately represent either the strict 
(Tygerberg) or David methods.  

    Impact of the New WHO Reference 
Values on Clinical Practice 

    Establishing a Correct Diagnosis 
of Male Factor Infertility 

 The male partner evaluation of an infertile couple 
includes a detailed history, physical examination, 
and two or more semen analyses. Although the 
semen analysis represents a key component of the 
male evaluation, it is important to recognize that 
this test does not discriminate infertile from fertile 
men [ 27 ]. The semen parameter reference values 
reported in the new WHO semen analysis manual 
provide a more objective framework with which a 
clinician can gauge a man’s fertility potential 
because these reference values are evidence- 
based. However, as with the reference values 
reported in the previous editions of the WHO 
manuals, the new WHO reference values also fail 
to discriminate infertile from fertile men. 
Therefore, using the lower 5th percentile (of 
semen parameters) as a threshold to assign or not 
to assign a diagnosis of male infertility is too sim-
plistic and probably incorrect. Using the 50th per-
centile, which represents the median value of the 
reference population, together with the 5th per-
centile may be a better way to gauge the relative 
fertility potential of the infertile man as suggested 
by Esteves et al. [ 28 ]. As such, it is important that 
clinicians integrate clinical parameters (e.g., 
 history, physical examination, other laboratory 

1 Male Infertility Laboratory Investigation…



4

evaluation) as well as a general sense of the distri-
bution of semen parameter values (e.g., 5th and 
50th percentiles) before establishing a diagnosis 
of male factor infertility (Table  1.3 ).

   If clinicians (e.g., urologists, gynecologists, 
reproductive endocrinologists) misinterpret the 
new semen parameter reference values and solely 
rely on the lower 5th percentile as a threshold to 
assign a diagnosis of male infertility, it is likely 
that a large number of couples with male factor 
infertility will be incorrectly classifi ed as having 
unexplained infertility because the new (5th edi-
tion) WHO semen parameter reference values are 
lower than the previous WHO reference values. 
As a result of misinterpreting the new semen 
parameter reference values, many of these infer-
tile couples will not proceed to a male partner 
evaluation. For some of these couples, the male 
evaluation may be postponed until subsequent 
semen analyses demonstrate abnormal sperm 
parameters or until other therapies have failed 
(e.g., assisted reproduction). It is unclear whether 
this re-classifi cation will be more or less cost- 
effective but it is likely that assisted reproductive 
technologies utilization will increase as a result 
of an increased number of couples now being 
classifi ed as having unexplained infertility [ 29 ].   

    Impact of the New WHO Reference 
Values on Treatment of Clinical 
Varicocele 

 A clinical varicocele is detected in approxi-
mately 35 % of men presenting for infertility 
evaluation [ 30 ] and many of these men have 

normal or low- normal semen parameters [ 31 ]. 
It has been shown that varicocele repair will 
result in improved semen parameters and sperm 
DNA integrity, and in lower seminal oxidative 
stress [ 32 – 36 ]. Moreover, repair of clinical vari-
cocele may increase pregnancy rates although 
the number of high-quality studies supporting 
this premise is low [ 37 ,  38 ]. 

 The current AUA guidelines suggest treating 
a varicocele if it is clinically palpable and associ-
ated with couple infertility and abnormal semen 
parameters (based on the 4th edition WHO 
guidelines) [ 39 ]. If clinicians adopt and misin-
terpret the new semen parameter reference val-
ues, and, solely rely on the lower 5th percentile 
as a threshold to assign a diagnosis of male infer-
tility, there will be fewer candidates for varico-
cele repair because the new (5th edition) WHO 
semen parameter reference values are lower than 
the previous WHO reference values. This sug-
gests that many infertile couples with clinical 
varicocele and normal or low-normal semen 
parameters (based on the previous, 4th edition, 
WHO guidelines) will potentially be denied a 
varicocele repair. Yet, several studies have dem-
onstrated that adults can present with palpable 
varicocele and normal semen parameters but 
have abnormal sperm function tests, such as high 
levels of sperm DNA damage or seminal oxida-
tive stress [ 33 ,  40 ]. Moreover, couples in whom 
men have clinical varicocele and mild oligozoo-
spermia or normozoospermia will achieve 
greater spontaneous pregnancy rates after vari-
cocele repair than similar couples with moderate 
or severe oligozoospermia. Therefore, denying 
these couples (with clinical varicocele and mild 

   Table 1.3    Distribution of semen parameters of fertile men whose partner had achieved pregnancy within 12 months or less   

 Percentile  5th centile  25th centile  50th centile  75th centile  95th centile 

 Semen volume (ml)  1.5  2.7  3.7  4.8  6.8 
 Sperm concentration (million/ml)  15  41  73  116  213 
 Sperm count (million/ejaculate)  39  142  255  422  802 
 Total motility (PR + NP%) a   40  53  61  69  78 
 Progressive motility (PR%) a   32  47  55  62  72 
 Normal forms (%) b   4  9  15  24.5  44 
 Vitality (%)  58  72  79  84  91 

     The table was adapted from cooper et al. [ 17 ] 
   a   PR  progressive motility,  NP  nonprogressive motility 
  b According to Tygerberg strict criteria  
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 oligozoospermia or normozoospermia) a varico-
cele repair would be deemed poor clinical prac-
tice [ 41 ,  42 ]. Nonetheless, the exact semen 
parameter thresholds below which an infertile 
couple with a clinical varicocele is deemed to 
benefi t from varicocele repair remain unknown. 
Additional prospective studies on the effect of 
 varicocelectomy in infertile couples with clinical 
varicocele and low-normal semen parameters are 
needed to address this question, and in particular 
the relevance of the new WHO reference values 
in the management of clinical varicocele.  

    Impact of the New WHO Reference 
Values on Assisted Reproductive 
Technologies (ART)  

 The effect of applying the new reference values 
into clinical practice on ARTs has not been 
studied extensively. However, if clinicians use 
the lower 5th percentile as a threshold to assign 
a diagnosis of male infertility, it is likely that 
ART utilization will increase because the new 
(5th edition) WHO semen parameter reference 
values are lower than the previous WHO refer-
ence values and a greater number of couples 
will now be classifi ed as having unexplained 
infertility. Using the 4th edition WHO guide-
lines, couples with borderline or subnormal 
semen parameters (e.g., sperm concentration 
between 15 and 20 million per ml) would have 
been classifi ed as having male factor infertility, 
and in many cases would have been offered 
male-specifi c therapy. Using the new, 5th edi-
tion WHO guidelines, these same couples with 
borderline or subnormal semen parameters 
would now be offered ARTs rather than male-
specifi c therapy, if the lower 5th percentile is 
used as a threshold to assign a diagnosis of 
male infertility. As such, it is likely that utiliza-
tion of intrauterine insemination (IUI) and 
intracytoplasmic sperm injection (ICSI) will 
increase because there will be larger pool of 
couples with unexplained infertility. Although 
many of the couples with borderline or subnor-
mal semen parameters will be offered IUI fi rst, 
those couples who fail IUI will then likely pro-
ceed to ICSI [ 43 – 45 ].  

    Conclusion 

 The latest WHO manual is a valuable resource 
for laboratories analyzing semen samples and 
 clinicians alike. However, it is important to rec-
ognize that the new reference values cannot 
 differentiate between fertile and infertile men and 
the evaluation of the infertile man also needs to 
include a detailed history and physical examina-
tion. There is concern that many infertile men 
will be exempt from having timely and necessary 
male evaluation because the new WHO reference 
limits are lower (compared to prior WHO guide-
lines) and may be used incorrectly to establish or 
exclude a diagnosis of male factor infertility. As 
a result, clinicians will delay male-specifi c treat-
ments or altogether fail to treat a potentially cor-
rectable cause of male factor infertility. The 
development of new markers of male factor infer-
tility (e.g., sperm function tests or new biomark-
ers) may help clarify the clinical importance of 
the semen analysis in the evaluation of the infer-
tile couple.     
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