
I

Review Article

Critical Appraisal of World Health
Organization’s New Reference Values for
Human Semen Characteristics and Effect
on Diagnosis and Treatment of Subfertile Men
Sandro C. Esteves, Armand Zini, Nabil Aziz, Juan G. Alvarez, Edmund S. Sabanegh, Jr.,
and Ashok Agarwal

In 2010, the World Health Organization established new reference values for human semen characteristics that are
markedly lower than those previously reported. Despite using controlled studies involving couples with a known time
to pregnancy to establish the new limits, the reference studies are limited with regard to the population analyzed and
the methods used for semen evaluation. The present review discusses concerns related to the new reference values for
semen characteristics, including the effect on patient referral, diagnosis, and treatment of recognized conditions, such
as varicocele, and on the indications for assisted reproductive technologies. UROLOGY xx: xxx, xxxx. © 2011 Elsevier
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Semen analysis is of paramount importance in the
initial investigation of the male partner, and its
results are often taken as a surrogate measure of his

ability to father a pregnancy. It provides information on
the functional status of the seminiferous tubules, epidid-
ymis, and accessory sex glands. The prognostic value of
semen characteristics, such as sperm concentration, per-
centage of motility, and morphology, as surrogate markers
of male fertility is confounded in several ways. The fer-
tility potential of a man is influenced by sexual activity,
the function of the accessory sex glands, and other con-
ditions. Routine semen analysis itself has its own limita-
tions and does not account for sperm dysfunction, such as
immature chromatin or DNA damage. The results from
at least 2, and preferably 3, separate seminal analyses
must be obtained before a definitive conclusion can be
drawn, because wide biologic variability exists, even
within the same individual. Routine semen analysis
should include (a) the physical characteristics of semen,
including liquefaction, viscosity, pH, color, and odor; (b)
the specimen volume; (c) the sperm concentration; (d)
sperm motility and progression; (e) sperm morphology;
(f) leukocyte quantification; and (g) fructose detection in
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cases in which no spermatozoa are found and the ejacu-
late volume is low.

NEW REFERENCE VALUES FOR
HUMAN SEMEN CHARACTERISTICS:
HOW WERE THEY OBTAINED?
The World Health Organization (WHO) periodically
releases manuals for the laboratory examination of hu-
man semen. The first was published in 1980, with subse-
quent updates in 1987, 1992, and 1999.1-3 These manuals
are used as a source of standard methods for laboratories
performing semen analyses worldwide.

The WHO published its updated 5th edition labora-
tory manual in late 2010, and, for the first time, multi-
country semen analysis results from recent fathers with a
known time-to-pregnancy (TTP), defined as the number
of months (or cycles) from stopping contraception to
achieving pregnancy, were incorporated.4 The reference
alues were obtained from data involving 1953 semen
amples from 5 studies in 7 countries on 3 conti-
ents.5,6-10 Only subjects with a TTP of �12 months
ere included. The semen analysis results from this group
f men were pooled and analyzed to provide the reference
istributions for semen characteristics. The mean � SD

male age was 31 � 5 years (range 18-53), and only 10
men were �45 years old. The laboratories generating the
data used standardized methods for semen analysis ac-
cording to the WHO manual for the examination of
human semen current at the time of the original studies.
In addition, combined data, used to calculate the reference
distributions, were provided by laboratories that practiced

internal and external quality control.5 One-sided lower ref-

0090-4295/xx/$36.00 1
doi:10.1016/j.urology.2011.08.003

mailto:agarwaa@ccf.org


a
s
r

c
d
m
s

s

W
C

g
t
o
w
b
g
d
C
r
a
w
r
C
e
a
l
r
I
i
s

erence limits (the fifth centile) were generated and were
proposed as the lower cutoff limits for normality. Data on
sperm morphology, extracted from 4 studies, including ap-
proximately 1800 fertile men, were reported according to
the “strict” (Tygerberg) method.5,6,8,10,11 An assessment of
progressive motility according to grade, as recommended
by the previous WHO manuals, was replaced by catego-
rizing motile sperm as being “progressive” or “nonprogres-
sive.” This simplification in motility assessment should
allow a more objective evaluation because sperm velocity
is often interpreted subjectively by technicians. In our
own experience, clinicians tend to overestimate the im-
portance of sperm exhibiting grade “a” motility. This
simple, yet important, modification will allow clinicians
to focus on the proportion of progressive motile sperm
rather than on the type of progressive motility as rapid or
slow. Sperm vitality data, assessed using the eosin-ni-
grosin method, were obtained from approximately 400
men from 2 countries.5 The leukocyte reference values
(�1 � 106/mL) remain the same as in previous manuals.

Apart from the total sperm number per ejaculate, the
lower limits of these distributions are less than the values
presented in previous editions (Table 1).1-3

WHERE THE DEBATE STARTS
The inclusion of reference values for semen analysis from
controlled studies involving fertile fathers with a known
TTP represents the most important feature of the fifth
WHO manual. In comparison, previous versions reported
reference values based on the clinical experience of in-
vestigators who had studied populations of healthy fertile
men with unknown TTPs.1-3 Previous WHO manuals
cknowledged the limitations of their reference values by
tating that each laboratory should determine its own
eference values for each variable.

The goal of the lower reference limits included in the
urrent edition of the WHO manual is to provide evi-
ence-based thresholds that could aid clinicians in esti-
ating the relative fertility of a given patient. However,

Table 1. Cutoff reference values for semen characteristic

Semen Characteristics WHO 1980 WHO 198

Volume (mL) ND �2
Sperm count (106/mL) 20-200 �20
Total sperm count (106) ND �40
Total motility (% motile) �60 �50
Progressive motility† (%) �2‡ �25
Vitality (% alive) ND �50
Morphology (% normal forms) 80.5 �50
Leukocyte count (106/mL) �4.7 �1.0

WHO � World Health Organization; ND � not defined.
* Lower reference limit obtained from lower fifth centile value.
† Grade a, rapid progressive motility (�25 �m/s); grade b, slow/
a � b) or 25% progressive motility (grade a) within 60 min of eja
‡ Forward progression (scale 0-3).
§ Arbitrary value.
¶ Value not defined, but strict criterion suggested.
� Strict (Tygerberg) criterion.
everal concerns arise from a careful examination of the
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tudies that generated the current reference values.5,6-13

First, it should be noted that apart from a single Austra-
lian study, all others came from Northern hemisphere
countries. The Australian study included 206 subjects,
representing approximately 10% of the “fertile” reference
population.6 Roughly, 55% of the data came from 4

estern European cities (Paris, Turku, Edinburgh, and
openhagen).7,9,11,12 The remaining patients came from

a small study from another Western European city (Oslo)
and from the United States.8,10 According to the inves-
tigators of the original study that referenced the 5th
edition WHO manual, the laboratories and data were
identified through the known published data and per-
sonal communication with the investigators and the ed-
itorial group of the 5th edition of the WHO laboratory
manual.5 Interestingly, 4 of 5 studies were from the same
roup of investigators or was collaborative work among
hem (Table 2). The semen analyses results for the group
f fertile men differed among these “reference” studies. It
as not clear whether these differences represented real
iologic dissimilarities among the men in different re-
ions or laboratory-dependent biases of measurement,
espite their adherence to the WHO manual methods.
ooper et al5 stated in their report that generated the

eference values that “the studies included in the present
nalysis were conducted in different regions of the world
ith some areas over-represented, such as Northern Eu-

ope, and others, such as Africa, parts of Europe and
entral and South America, under-represented.” How-

ver, their reference limits for the fertile population with
known TTP came only from Northern Europe, Austra-

ia, and the United States; as such, other areas were not
epresented at all. Millions of fertile men living in China,
ndia, Africa, Middle East, and South America were not
ncorporated into these data analyses. From these data, it
eems unsound to assume, as proposed by Cooper et al,5

that the reference values represented the global semen
characteristics of fertile men.

Second, although the co-authors of the 5th edition

published in consecutive WHO manuals

WHO 1992 WHO 1999 WHO 2010*

�2 �2 1.5
�20 �20 15
�40 �40 39
�50 �50 40

�25 (grade a) �25% (grade a) 32 (grade a � b)
�75 �75 58
�30§ 14¶ 4�

�1.0 �1.0 �1.0

ish progressive motility (5-25 �m/s); normal, 50% motility (grade
on.
s as
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WHO manual claim to have included only studies using
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the Tygerberg “strict” method for morphology assessment
(Kruger et al14), they in fact included studies using an-
other morphology classification system from 1975 (David
et al15). Indeed, Auger et al,11 Slama et al,7 Jensen et al,9

Jørgensen et al,12 and Bonde et al13 all used the method
originally described by David et al,15 which differs from
the method proposed by Kruger et al.14 The consequence
of including studies using 2 different classification systems
is that it results in a widened distribution of “normal”
morphology values: the mean “normal” morphology is
�10% using the Tygerberg “strict” method (Swan et al8)
but is �50% using the David classification system (Slama
et al7). Thus, the morphology reference limits reported in
he 5th edition WHO manual do not accurately repre-
ent either the Tygerberg “strict” method or the David
lassification.

Third, it is not easy for the reader to understand how
he data from the 5 reference studies were pooled by
ooper et al.5 For instance, when referring to the study

by Swan et al,8 593 samples were tabulated, but only 512
were reported in their original study. Moreover, a TTP of
�12 months was clearly defined as an eligibility criterion
for patient inclusion in only 2 studies,7,10 but in all
remaining studies, it must be inferred.6,8,9

Finally, a single semen sample was taken to represent
each man in the reference studies. The assumption that 1
ejaculate is representative of a given man’s semen profile
argues against the current knowledge of the high biologic
variability of semen variables from the same individuals.
Several guidelines, including the WHO manual, recom-
mend that 2, but preferably 3, semen samples should be
obtained before 1 man’s fertility status is depicted.1-4

Ideally, a systematic review of the published data on
semen quality in various populations should provide the
recommendation for lower reference values. However,
this is not feasible owing to the variability in the methods
used in assessing the sperm count, motility, and morphol-
ogy, even among studies claiming that WHO standards
were applied. As a result, additional well-conducted stud-

Table 2. Characteristics of reference studies used to esta

Study Country

Bonde et al,13 1998 Denmark
Auger et al,11* 2001 France, Denmark, United

Kingdom, Finland
Jørgensen et al,12 2001 France, Denmark, United

Kingdom, Finland
Jensen et al,9 2001 France, Denmark, United

Kingdom, Finland
Slama et al,7 2002 France, Denmark, United

Kingdom, Finland
Swan et al,8* 2003 United States
Haugen et al,10* 2006 Norway
Stewart et al,6* 2009 Australia

TTP � time to pregnancy.
* Studies contributing to data on sperm morphology.
ies with standardized methods and a recognized quality

UROLOGY xx (x), xxxx
control procedure are required to confirm the validity of
the global reference ranges proposed by the 5th edition
WHO manual. Beyond spontaneous conception, it will
be of interest to determine the success of various clinical
management protocols in relation to the chosen lower
reference limits. If regional differences are revealed, their
mechanism and significance for fertility will need to be
evaluated, before it can be decided whether there should
be specific reference values for different ethnic groups or
regions.

IMPLICATIONS OF THE NEW SEMEN
CHARACTERISTICS REFERENCE
VALUES IN CLINICAL PRACTICE

Is Male Fertility Declining?
It is tempting to suggest that the lower reference limits of
semen parameters, as proposed by the 2010 WHO man-
ual, are a part of the gradual declines in sperm count
extensively reported during the past 2 decades. The hy-
pothesis that endocrine disrupters and other environ-
mental pollutants, such as insecticides and pesticides, are
responsible for declining overall sperm quality16 have
attracted supporters,17-20 as well as critics.21-25 However,
2 other explanations are possible that could explain the
difference in the reference values between the current
and previous WHO manuals. The first is the adherence
by many laboratories to greater quality control standards,
especially when assessing sperm morphology. The second
is that the previous WHO reference values were obtained
mainly from the clinical experience of investigators who
have studied populations of healthy fertile men with an
unknown TTP rather than controlled populations of
fertile men, such as in the current edition.1-4 For these
reasons, one must exercise caution when concluding that
the newly proposed lowered WHO reference values can
be justified by the suggested decline in global sperm
quality. It is more probable that such differences are
instead related to a methodologic bias created by differ-

new limits for human semen characteristics

�12
Stated

Sperm Morphology
Evaluation
Criterion

Overlapping Authorship
or Collaboration
Among Authors

es David Yes
o Modified David Yes

o David Yes

es David Yes

es David, Tygerberg Yes

o Tygerberg Yes
es Tygerberg No
es Tygerberg Yes
blish

TTP
mo

Y
N

N

Y

Y

N
Y
Y

ent methods of generating the reference values.
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Will Referrals for Assessment
of the Male Partner Decrease?
The answer to this question is not straightforward, be-
cause it will depend on the acceptability of the new
WHO manual reference values. The use of the new
WHO manual reference values into clinical practice will
likely result in a reclassification of many infertile couples.
Specifically, those couples previously classified as having
male factor infertility with sperm parameters greater than
the new reference limits but less than the previous values
will now be diagnosed as having unexplained or female
factor infertility. It is also likely that some patients pre-
viously categorized as having an abnormal semen analysis
will now be considered “normal,” with referral for eval-
uation postponed or not undertaken. This deferment
poses a potential problem, because it has been exhaus-
tively reported that the male and female reproductive age
are clearly associated with reproductive outcome. It is
unclear whether this reclassification will result in a more
cost-effective evaluation of the infertile couple or in a
delay in the male factor evaluation, with subsequent
delay in the definitive diagnosis and management of the
infertile couple.

In contrast, it is important to acknowledge the limita-
tions of the semen analysis results in predicting the
health and functional capacity of the male reproductive
organs and cells. The male evaluation regarding fertility
must go far beyond counting spermatozoa and assessing
motility and morphology. It has to be complemented by
a proper clinical examination, comprehensive history
taking, and relevant endocrine, genetic, and/or other
investigations.

Did We Overtreat Our Male Patients Before?
According to the new reference values, a man with 6%
strict morphology, 16 million sperm/mL, and 40% pro-
gressive motility is considered to have a semen analysis
within the so-called normal reference values; however,
the same patient would be categorized as having an
abnormal analysis according to the reference values pro-
posed by the 1999 WHO manual.3 According to prelim-
inary results of a current study involving individuals
seeking fertility evaluation, 380 (38.7%) of 982 of a
group previously classified as having an abnormal semen
analysis by the 1999 WHO 4th edition manual would
now be within the normal range (S.C.E.; unpublished
data). This contradiction raises another question: Do we,
as clinicians have to correct our semen analysis reports
from the previous years or contact our couples for a
reassignment of the infertility diagnosis? Caution must be
exercised when interpreting these new reference values,
because it is obvious that the prevalence of couples facing
difficulties in conceiving has not changed, despite the
publication of new reference values. Every couple at-
tempting to conceive for �1 year of unprotected inter-
ourse, or less in the case of advanced female age or in

en with a recognized fertility problem, deserves a med-

4

cal evaluation that must include both partners, irrespec-
ive of the semen analysis results. It is known that about
0% of men misdiagnosed as having unexplained male
nfertility, according to the normal semen parameters on
outine analyses, present with sperm deficiencies that can
e solely identified by sperm functional tests, such as the
ssessment of DNA integrity, oxidative stress, and anti-
perm antibodies.26-29 Semen analyses, as routinely per-
ormed, are limited in their validity as surrogates for the
ssessment of male fertility potential. Therefore, it has
een suggested that sperm function tests should be in-
luded in the semen analysis of individuals seeking fer-
ility evaluation.30

The couples’ probability to conceive is influenced by
multiple factors, and our task, as treating physicians, is
multifaceted. It is our responsibility to diagnose existing
conditions that might compromise, now or in the future,
the fertility potential of our patients. The goal is to
identify potential life-threatening diseases and to treat
reversible conditions, including poor lifestyle habits, sub-
clinical infections, hormonal disorders, and clinical var-
icocele, to cite a few.

Dilemma of the Clinical Varicocele and the
New Reference Values: to Treat or Not to Treat?
Approximately 8% of men of reproductive age seek med-
ical assistance for fertility-related problems. Of these,
varicocele accounts for roughly 35% of the cases.31 Sev-
ral studies have demonstrated that surgical treatment of
linical varicoceles is highly effective in decreasing sem-
nal oxidative stress, increasing the seminal concentra-
ions of antioxidants, and improving the sperm quality
nd pregnancy rates.32-37 However, the current guide-

lines propose that varicoceles should be treated if palpa-
ble and in the presence of abnormal semen analyses.38-40

The application of the new WHO reference values into
clinical practice will result in patients previously deemed
candidates for varicocele repair now ineligible for treat-
ment if their semen parameters are greater than the fifth
centile. Health insurance companies might not grant
authorization or might refuse reimbursement if treatment
is performed in men with semen parameters now reclas-
sified as “normal.” The concern is that by denying these
men varicocele repair we might prevent them from
achieving a substantial improvement in semen parame-
ters and a greater chance of spontaneous pregnancy. Men
with a clinical varicocele and mild oligozoospermia or
normozoospermia achieve greater spontaneous pregnancy
rates after varicocelectomy than couples with moderate
to severe oligozoospermia.41,42 As such, the available
data would support the practice of varicocelectomy for
infertile men with clinical varicocele and low “normal”
semen parameters according to the new WHO reference
values. Nonetheless, it would be very informative to
reanalyze the prospective and randomized, controlled
studies on varicocelectomy to determine the magnitude

of sperm quality improvement and pregnancy outcomes

UROLOGY xx (x), xxxx



c
b
f

t
w

i
m
s
i
v
i

p
i
d
i
o
c
r
m

E
R
T
r
h
d
l

in the subgroup of patients now classified as having
“normal” semen analysis results.

The repair of adolescent varicocele must also be re-
evaluated in light of the new WHO reference values.
According to several professional societies’ guidelines,
varicocele repair is recommended in adolescents and
young adults with clinical varicocele and ipsilateral tes-
ticular atrophy or abnormal semen parameters.38-40 It is
still unclear whether and how the application of the new
WHO reference values will affect the management of the
adolescent and young adult with varicocele. Mori et al,43

studying a group of 360 adolescents attending a public
school in Brazil, found that 27.8% presented with a
palpable grade 2 or 3 varicocele, but only one half of
them had testicular asymmetry. More importantly, the
semen analysis results revealed that adolescents without
varicocele had significantly greater numbers of progres-
sively motile sperm (134.1 million) than did the adoles-
cents with grade 2 (72.7 million) or 3 (30.3 million)
varicocele. Despite the marked difference in the seminal
profiles between adolescents with and without varicocele,
all were still within the reference range for normality
according to both the fourth and fifth WHO manual
editions. Given the progressive deleterious effect of var-
icocele on testicular function,44,45 the goal of treating
varicoceles (in the adolescent) is to halt the deterioration
of sperm quality and prevent individuals with low “nor-
mal” semen parameters from crossing into the defined
infertile range. Moreover, adolescent varicocele repair
can also improve sperm quality and male reproductive
potential.46 Adolescents and adults with palpable varico-
ele can also present with normal semen analysis results
ut altered sperm function, as shown by elevated DNA
ragmentation rates and oxidative stress levels.31,34,47

Taken together, this knowledge challenges the current
WHO recommendations for varicocele treatment and
highlights the importance of continued debate.

Effect of New Reference Values on
Assisted Reproductive Technology Treatment
At first glance, one might expect that the lower reference
values in the new WHO manual would result in a lower
use of advanced assisted reproductive technology (eg,
intracytoplasmic sperm injection [ICSI]—a technique
largely designed to treat male factor infertility), because
there will be relatively fewer couples with subnormal
semen parameters. However, ICSI is generally reserved
for couples in whom the man has severe abnormalities in
sperm count and motility; thus, ICSI use is unlikely to
change because the sperm parameters of these men will
certainly be less than the new reference values. More-
over, many centers are already using low morphology
thresholds (�5% normal morphology by strict criteria) as
an indication to proceed to ICSI rather than intrauterine
insemination or conventional in vitro fertilization48;
hus, the effect on ICSI use based on morphology criteria

ill likely be minimal. Along the same lines, intrauterine

UROLOGY xx (x), xxxx
nsemination candidates include not only couples with
ild male factor infertility but also those with normal

emen parameters and unexplained infertility. As such, it
s unlikely that the new semen parameters reference
alues will have a profound effect on the indication of
ntrauterine insemination.

It is important to stress that the reference semen values
roposed by the new WHO manual are not suitable to
ndicate a treatment modality. They merely represent the
istribution of the semen profile of a small group of fertile
ndividuals. The choice of assisted reproductive technol-
gy should be determined by the clinical features of each
ase, as well as on the center’s experience and reported
esults with different assisted reproductive technology
odalities rather than on the semen analysis reports.

xpanding Interpretation of New WHO
eference Values: Focus on 50th Percentile
he 95% reference interval for semen characteristics of

ecent fathers included in the 5th edition WHO manual
as been generated in line with clinical chemistry stan-
ards, and the fifth centile was proposed for the lower
imit of semen characteristics (Table 3).4,5 As such, ref-

erence values are important for comparison with the
values obtained from the patient being assessed. The
observed values can be used to aid in the clinical deci-
sion-making process by comparing them with the refer-
ence distributions and reference intervals. Therefore, it is
important, not only to compare patient results with the
lower reference limit, but also with the 50th percentile,
which represents a value into which 50% of the reference
population of “fertile” men falls. This strategy might be
more realistic and can help in understanding a patient’s
seminal profile in relation to the reference group.

SHOULD THE NEW
REFERENCE VALUES BE ADOPTED?
At present, whether the new reference values should be

Table 3. Distribution of semen characteristics of fertile
men whose partners had a time-to-pregnancy of �12
months, used to establish 2010 WHO manual reference
limits, according to percentiles

Characteristic

Percentile

5% 50% 95%

Volume (mL) 1.5 3.7 6.8
Sperm count (�106/mL) 15.0 73.0 213.0
Sperm count (�106/ejaculate) 39.0 255.0 802.0
Motility (%)

Total 40 61 78
Progressive 32 55 72
Normal* 4 15 44
Alive† 58 79 91

WHO � World Health Organization.
* According to the strict Tygerberg criterion.
† Eosin-nigrosin staining.
Adapted from Cooper et al.5
adopted remains unresolved, and more debate is needed.

5



e
w
u
a
v
s
m
o
h
t
s
i
l
fl
o
t
o
c
a
W
w
t
o
u
s
c

R

1

1

1

1

1

1

1

2

2

2

2

2

2

It is possible that global reference values are not achiev-
able because of geographic and racial variations. It would
be ideal to have well-funded prospective studies designed
to evaluate several racial and geographic populations of
fertile men. From our discussion, different laboratories
seeking to adopt the new standard should determine a
strategy that would aid in the clear communication of the
clinical significance of their results.

CONCLUSIONS
The WHO manuals for the laboratory examination of
human semen have been used over the years as a source
of standard methodology for laboratories performing se-
men analyses worldwide. For the first time since the
publication of its first edition 30 years ago, the WHO has
reported evidence-based reference values for the semen
characteristics of fertile men that, not surprisingly, are
much lower than those recommended in previous edi-
tions. Despite the notable advance of using controlled
studies involving couples whose TTP was �12 months to
stablish the new limits, the reference studies are limited
ith regard to the populations analyzed and the methods
sed for semen evaluation. As such, it seems unreason-
ble to assume that the reference values represent uni-
ersal cutoff points of semen characteristics of fertile
amples, such as was proposed in the 5th edition WHO
anual. Moreover, caution should be exercised to not

verinterpret the new reference values, because they
ave not been shown to accurately discriminate popula-
ions of fertile and infertile men. Properly performed
emen analyses, coupled with an adequate clinical exam-
nation of the male, can give valuable information re-
ated to the organs producing “semen,” a highly complex
uid, and thus help in better understanding the physiol-
gy of the reproductive organs and the causes of dysfunc-
ion. In view of the expected effect of these new values
n patient referral, diagnosis, and treatment of recognized
onditions, such as varicocele, and on the indications for
ssisted reproductive technologies, we conclude that the

HO should have allowed for an extensive debate
ithin the scientific community before the publication of

hese values. The time has come for technological devel-
pments that bring robust and cost-effective clinically
seful tests to assess the fertilizing potential of a semen
ample, and that can replace, at least partially, the short-
omings of the standard semen analysis.
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