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Are sperm counts declining? Or did we just change our

spectacles?
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he popular and scientific debates

about a possible decline in semen
quality over the past decades are largely
based on retrospective analyses of semen
analysis data performed in the past. This
article will argue that the conclusions from
such analyses are significantly weakened
because the methods of laboratory andro-
logy have changed considerably since the
1950s. In the last 20-30 years, there have
been significant developments in training
and competence, increased emphasis on
Quality Assurance (QA) and Quality
Control (QC) as well as a major attempt at
standardisation of technique through five
successive editions of the World Health
Organization (WHO) laboratory manuals.
Interestingly, the only large prospective
study carried out to date shows no change
in sperm concentration over 15 years, being
consistent with the idea that when labor-
atory methods are adequately controlled,
no secular change in sperm counts are
observed.

In 1954, a High Court judge in the Court of
Appeal of England and Wales made a land-
mark ruling that has become an important
legal principle in English Tort law. It related
to a case brought against the Minister of
Health by two men who, 7 years earlier, had
suffered paraplegia as a consequence of being
given anaesthetic by lumbar puncture before a
surgical procedure. While the precise details of
the case are not really relevant to the topic of
this paper, it is important to know that, unbe-
known to the anaesthetists, the vials of anaes-
thetic had been contaminated in a manner
that had not previously occurred, and could
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not be detected, before it was administered.
Following the incident, clinical practice was
immediately changed to prevent further
occurrences. But, perhaps understandably,
the two men sued for negligence and the mat-
ter was resolved in the courts. In his judge-
ment, the Judge Lord Denning dismissed the
men’s claim saying, ‘We must not look at the
1947 incident with 1954 spectacles’.1 In effect,
he was pointing out that we could not always
view things that happened in the past with
modern eyes. While this is now an important
principle for lawyers, this paper will argue why
it is also an important principle for interpret-
ing whether or not we can establish if semen
quality has been declining in recent years.
When Elizabeth Carlsen and colleagues®
published their review of data from 61 papers
published between 1938 and 1991, their
regression analysis relied on the assumption
that, during the 53 years in question, andro-
logy laboratory methods had been wholly
comparable and had remained unchanged.
While they understandably excluded papers
where sperm counting had been performed
by computer-assisted methods or by flow
cytometry (these methods were not widely
used and were introduced only in later years),
they recognized the apparent imprecision of
counting sperm by other methods. However,
they concluded that ‘there is no reason to
believe that this test in itself has been subject
to secular trend” and in support of this argu-
ment, they cited that ‘the same types of count-
ing chambers have been used for the past 50
years by haematologists, who have not
reported a similar secular trend in blood cell
counts.” The issue of how accurate haemato-
logical methods may or may not have been in
the past will be dealt with later in this paper.
But it is fair to conclude that these arguments
did not completely resonate with many at the
andrology lab coalface. Their concern was

highlighted only weeks later in the British
Medical Journal?® where Carlsen et al. were
urged to ‘establish that their comparison of
historical data is free of methodological bias’.
To this day, this is a criticism that remains
unresolved, both for the Carlsen et al’s
paper® and those which have followed it
(see Fisch* for review). This opinion paper
will argue that even with today’s relatively
well-standardized laboratory methods to
assess semen quality, with well-established
training programmes for laboratory staff,
increased emphasis on laboratory accre-
ditation and comprehensive internal and
external quality assurance programmes in
place, we are still far from generating con-
sistent error-free data for semen analysis. As
a consequence, it is very hard to look back
into the archives with any sense of confi-
dence about the precision and reliability
of measurements made in the past. In effect,
we are wearing the wrong spectacles.

To set the scene, there are three areas of
current and historical laboratory practice that
need to be examined before the main argu-
ments can be set out: (i) the development of
semen analysis methodology; (ii) the selec-
tion and implementation of laboratory tests;
and (iii) Quality Assurance (QA) and Quality
Control (QC). Each will now be discussed in
turn.

DEVELOPMENT OF SEMEN ANALYSIS
METHODOLOGY

Briefly, modern semen analysis can be traced
back to a 1956 paper published in Fertility and
Sterility by John MacLeod’ (although by
modern standards, the details are surprisingly
vague). Therefore, in the context of the
Carlsen et al’s analysis,” it is clear that the first
18 years of data (10 studies out of the 61) were
potentially obtained using laboratory meth-
odology that was, at best, poorly described.
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Even then, it took a further 24 years for any
level of international standardisation to be
agreed with the publication of the first
World Health Organization (WHO) labor-
atory manual for the examination of human
semen and sperm—cervical mucus interaction
in 1980.° While the publication of the WHO
manual was obviously a major step forward, it
was revised again in 1987” and then again in
1992.% While the latter revision obviously fell
outside the period of data collection for the
Carlsen et al. 1992 paper,” these develop-
ments may have had an impact on some of
the studies published later. Moreover, it illus-
trates that the international andrology com-
munity was not yet satisfied that the methods
of semen analysis were sufficiently well es-
tablished. Indeed, this is further exemplified
by the fact that more revisions were published
in 1999° and 2010 and methodology has con-
tinued to be refined.

IMPLEMENTATION OF SEMEN
ANALYSIS METHODOLOGY

If it were possible to accept that relatively
standardized sperm counting methods were
used throughout the period of time covered
by Carlsen et al.,” and subsequent studies in
which archival data for semen analysis was
examined, then a second question to be asked
would be how effectively these laboratory
procedures were implemented?

First, it is now well recognized that semen,
as a fluid, is not as straightforward to deal
with as blood or urine and there are difficul-
ties encountered by accurately dispensing ali-
quots of a viscous non-homogeneous fluid
for dilution and counting. As far back as
1984, it was established that using a haemo-
cytometer with a white blood cell pipette
(used by haematologists) was less precise than
a Makler chamber which in turn was not as
accurate as a haemocytometer used with a
tuberculin syringe.'! This is interesting given
Carlsen’s confidence about haematological
methods being robust (see above), but also
has implications for the assumption (of them
and others) that all counting chambers are
equal. It has long been established that the
Makler and Horwell chambers gave results
that were 1.5 and 2.7 times higher than those
obtained by using the haemocytometer.'?
Furthermore, that the Makler Chamber can
give relatively poor precision in comparison
to the haemocytometer when both were
compared to data obtained from flow cyto-
metry.13 Therefore, if over time laboratories
slowly moved toward using the haemocy-
tometer (as the successive editions of the
WHO manuals®'® have encouraged), then

the only inevitable consequence of such secu-
lar changes in laboratory method is that the
apparent mean values for sperm concentra-
tion would have declined—entirely consis-
tent with what has been observed.

Even if all laboratories had only ever used
the haemocytometer to determine sperm
concentration, an overestimation of sperm
concentration could also occur because of
counting error or misidentification of sperm
through inexperience or lack of training. Data
from training programmes'*'> show that the
results from trainees become less variable and
closer to the target value over the duration of
the course. It is noteworthy that such training
courses are a relatively recent development in
the context of the sperm count debate. For
example, the courses established by the
European Society for Human Reproduction
and Embryology** first took place in 1994 and
those established by the Tygerberg hospital in
South Africa 2001."> Before this time, it is
unclear how training was provided in many
parts of the world, if at all.

QA AND QC
While we now recognize that QA and QC are
critical elements of any laboratory testing pro-
cess,'® it is fairly clear that laboratory andro-
logy was somewhat late to embrace the concept
in comparison to other disciplines.””*® For
example, in the United Kingdom, External
Quality Assurance Schemes were established
in Clinical Chemistry, Cytology, Endocri-
nology, Haematology, Histopathology, Micro-
biology, Pharmacology and Toxicology by the
late 1970s,"® whereas a similar scheme in
laboratory andrology was not established until
1994.%° So when Carlsen et al.> assured us that
sperm counting using haematological meth-
ods were robust because no secular change in
blood cell counts had been seen, they failed to
acknowledge that haematology measurements
were already well controlled by their own QA
and QC programmes at a time when andro-
logy laboratories were not. Interestingly, the
first three versions of the WHO laboratory
manuals®® made almost no reference at all
to the need for QA and QC of semen analysis.
The need for QA and QC programmes in
laboratory andrology was brought into sharp
focus in the early 1990s by a series of publica-
tions,”"?* demonstrating that significant dis-
agreement could occur between the results
generated from analytical laboratories, often
when analysing the same sample. Therefore, it
was a significant step forward for the fourth
edition of the WHO manual published in
1999° to provide detailed guidelines for QA
and QC for laboratory andrology for the first
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time. Critically, for the present discussion,
this means that probably none of the studies
included by Carlsen et al.’s analysis were con-
ducted with what we would now consider to
be acceptable QA and QC. Interestingly, the
increased emphasis placed on QA and QC
procedures by the fourth edition of
the WHO manual® was not welcomed by
everyone and in 2005 and 2006, this was
fiercely debated in the pages of Human
Reproduction.17’23’25 However, QA and QC
are now central pillars of International
Organization for Standards-based Quality
Systems®® as well as national and regional
legislation such as the European Com-
mission on setting standards of quality and
safety for the donation, procurement, testing,
processing, preservation, storage and distri-
bution of human tissues and cells.?” In com-
parison to even 10 years ago, let alone 50 years
ago, andrology laboratories are more likely to
have such quality systems in place, or are ac-
tively working towards them.

LABORATORY ANDROLOGY IN 2012

In 2012, arandomly selected andrology labor-
atory anywhere in the world is more likely to
have appropriately trained staff, be following
WHO methods, and have effective QA and
QC procedures in place compared to an equi-
valent (or even the same) laboratory only 10
years ago. It is not possible to say what the
relative impact of each will have been on the
accuracy of the results generated, but it is use-
ful to consider the relative performance of
modern andrology laboratories with all of
these factors in place.

Figure 1 shows the results obtained for
four specimens distributed by the UK
External Quality Assurance Scheme for
Andrology (UK NEQAS, St Mary’s Hospital,
Manchester, UK) in the autumn of 2012.
What is interesting about these data is
that: (i) of the 272 enrolled laboratories only
70% (n=191) were counting spermatozoa by
using a haemocytometer (i.e., following
WHO methods); and (ii) there remains con-
siderable variation in the results obtained
from the participating laboratories. For
example, specimen S296 shows a range of
results from below 19 to above 90 million
per ml! The inevitable conclusion has to be
that even in 2012, accurate and precise esti-
mates of sperm concentration are difficult to
achieve reliably.

While such data have been shown
before,'”?® it is of concern that few outside
the andrology laboratory see the significance
for the interpretation of retrospective datasets
that have contributed to the decline in sperm
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Figure 1 The results obtained from UK NEQAS for four External Quality Assurance specimens for sperm concentration distributed to 271 laboratories around the
world. The arrow on each histogram shows the result obtained by the author’s laboratory alongside the results for all other participants using the improved Neubauer
haemocytometer (grey bars) as well as those using other methods (white bars). UK NEQAS, UK External Quality Assurance Scheme for Andrology. BIS, Bias Index

Score; CV, Coefficient of variation.

counts debate. In the recent paper describing
an apparent decline in sperm concentration
in France from 1989 to 2005,% the authors
state in the discussion that, regarding the
methods used to measure sperm concentra-
tion, ‘experts have confirmed that the meth-
ods have not changed noticeably during the
study period’, yet they do not elaborate on
what methods were used. Furthermore, with
regard to QC, they also state that ‘there is no
reason to think that they did not follow
national and WHO recommendations’, yet

as was discussed earlier in this paper, the very
emphasis on QC by the various WHO man-
uals has developed significantly since 1999
(10 years after the beginning of the French
dataset).

Our only hope in untangling the debate is
to establish prospective studies that have
standardized methodology and adequate
QA and QC procedures in place from the very
start. Interestingly, the first of such studies
was published controversially® in late 2011
and showed that across 5000 military draftees

who provided semen samples between 1996
and 2010,>! there had been no obvious change
in sperm counts. While one explanation may
be that the decline had stopped before this
study commenced, to those of us working in
laboratory andrology, it feels too much of a
coincidence that when a prospective study
was performed, no change was found. It is
clear that more studies of this type are needed,
and interestingly, guidelines have now been
published to assist in the design and inter-
pretation of studies involving semen quality.>
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CONCLUSION

It may never be known to what extent changes
in laboratory methods have had on semen
analyses performed in the past, but the evi-
dence is sufficiently clear to suggest that we
should be cautious about drawing conclu-
sions from historical data. To go back to
Lord Denning’s 1954 statement,! it is a mis-
take even to try and view the past with mod-
ern spectacles as the necessary detail will
always be out of focus. As an alternative, per-
haps laser eye surgery is needed, so we can
move forward without spectacles and design
adequate prospective studies that might
answer the question once and for all.
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