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background: Assessment of sperm morphology (including morphometry) is extensively used to determine one of the qualities of a
semen sample and depends on the differential staining of spermatozoa. A staining technique should cause as little change to sperm dimensions and form as possible in order to reliably evaluate the morphometric features of the sperm. Various staining techniques have been
employed, but only a few have been recommended by the World Health Organization and are amenable to automated sperm morphometry
analysis. Our study was aimed at comparing the effect of three staining techniques [Papanicolaou (PAP), Rapidiffw (RD) and SpermBluew
(SB)] on human sperm head dimensions and to compare these with the head dimensions in fresh semen.
methods: Smears made from human semen samples (n ¼ 24) were stained according to the three staining techniques and sperm head
morphometry was assessed with the Sperm Class Analyzer. Head dimensions of fresh spermatozoa were measured with a digital calliper on
a computer screen. The minimum number of spermatozoa to be analyzed to represent the sperm population and the degree of interlaboratory variation were determined. Electron micrographs from the same semen samples were used to determine the actual acrosome
coverage of the spermatozoa in the semen (n ¼ 7) in order to verify the results of the automatic analyses.
results: The osmolality of human semen differs from that of the RD and PAP ﬁxatives and stains, but is more similar to the SB ﬁxative
and stain. At least 100 spermatozoa should be analyzed to include a representative sample of the sperm population. RD caused sperm
heads to swell, PAP caused them to shrink and SB had no signiﬁcant effect on sperm head dimensions when compared with spermatozoa
in fresh semen. Very little inter-laboratory variations were found. The percentage acrosome coverage was signiﬁcantly different between
the three staining techniques, as well as between the RD and PAP stains and the manual measurements obtained using the electron
micrographs.

conclusions: Different staining techniques change the morphometric dimensions of the human sperm head, probably due to the fact
that either the ﬁxatives or stains are not iso-osmotic in relation to human semen. Since these changes in sperm head dimensions are
not uniform, care should be taken when selecting a staining technique. Ideally, stained spermatozoa should have dimensions as close to
spermatozoa in fresh semen as possible, as was found with the SB staining method, resulting in accurate evaluations of sperm head
morphometry.
Key words: sperm head morphometry / Papanicolaou / Diff-Quik-like stain / SpermBluew / automated sperm morphometry analysis

Introduction
The evaluation of male fertility potential is based on the assessment of
physical semen characteristics (appearance, liquefaction, volume, pH,
viscosity) and standard semen variables (sperm concentration, progressive sperm motility and sperm morphology). Of these semen
variables, sperm morphology has been regarded as one of the

most important for determining the quality of a semen sample and
a male’s fertility potential (MacLeod and Gold, 1951; Hartman
et al., 1964; Eliasson, 1971; Menkveld and Kruger, 1996; Coetzee
et al., 1998).
The value of sperm morphology assessment as a predictor of male
fertility has often been challenged due to the existence of different
classiﬁcation systems of normal sperm morphology, various slide
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These staining techniques involve a short ﬁxation period followed by
two staining steps in two different staining solutions, each step only
taking a few seconds. Despite the ﬁndings that Diff-Quikw causes
sperm swelling and background staining (WHO, 1999) it is now
widely used as a routine procedure for manual assessments as well
as for computer aided human sperm morphology assessment
(Ombelet et al., 1997; Coetzee et al., 2001).
Recently a new stain, SpermBluew (SB), has been developed for the
evaluation of human and animal sperm morphology (Van der Horst
and Maree, 2009). The main advantages of SB are that it involves a
simple and fast staining procedure, it stains the various components
of spermatozoa differentially, and it is also amenable to automated
sperm morphometry analysis (ASMA). SB has, however, not yet
been compared with the PAP or Diff-Quikw methods in terms of
sperm morphometry measurements. Ideally, these different staining
techniques should also be compared with fresh, unstained spermatozoa in order to evaluate the inﬂuence of ﬁxation and staining on human
spermatozoa.
Several studies have shown the need for ASMA in the routine
clinical setting to improve accuracy, reduce subjectivity and
reduce intra- and inter-laboratory variation when determining the
percentage of normal spermatozoa in a sample (Barroso et al.,
1999; Coetzee et al., 1999a, 2001). However, the use of ASMA
systems requires standardization of the preparation and staining
methods used, as the accuracy of an ASMA system depends on the
staining properties of the spermatozoa and the degree of contrast
between the spermatozoa and the surrounding background
(Coetzee et al., 1999a).
The main aim of the present study was to determine the inﬂuence
of three different staining procedures on various sperm head morphometry parameters using the automated Sperm Class Analyzer (SCAw)
system. To accomplish the former, it was important to ﬁrst determine
the minimum number of spermatozoa that needed to be analyzed to
give a representative assessment of sperm head measurements from a
speciﬁc semen sample, as well as the degree of inter-laboratory variation when using equivalent ASMA equipment. Furthermore, an
important aim of this study was to develop an accurate method to
measure sperm head length and width in non-ﬁxed and unstained
spermatozoa and to compare these measurements with those
obtained from stained semen samples.

Materials and Methods
Collection of semen samples
Freshly ejaculated semen samples from 12 donors on various days (total of
24 samples over 3 months) were used in this study. Semen samples were
obtained by masturbation after 2 – 3 days of sexual abstinence. All procedures were in accordance with ethical guidelines of the University of
the Western Cape and the research unit where semen was collected
(Division of Medical Physiology, Department of Biomedical Sciences,
Stellenbosch University). A consent form was signed by each donor
participating in the study. Human sperm donor selection was based on
sample size (≥2 ml), sperm concentration (≥20 × 106/ml) and percentage sperm motility (≥50% forward progression; WHO, 1999) for this
particular study. All spermatozoa were measured randomly, to exclude
any bias in favour of a speciﬁc morphological form.
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preparation and staining techniques, the inconsistency of the analyses
within and between laboratories, and the level of experience of different technicians (Menkveld et al., 1990; Davis and Gravance, 1994;
Barratt, 1995; Ombelet et al., 1995; Mortimer and Menkveld, 2001).
Different approaches or classiﬁcation systems for the evaluation of
(normal) sperm morphology have and are still being used today, e.g.
the liberal approach [MacLeod and Gold, 1951; World Health Organization (WHO) 1980, 1987], the strict (Tygerberg) criteria approach
(Menkveld et al., 1990; WHO, 1999), as well as the David et al.
(1975) and Düsseldorf (Hofmann and Haider, 1985) classiﬁcation
systems. The 1999 and 2010 WHO manuals now recommend that
the strict (Tygerberg) approach should be followed for the sperm
morphology evaluation process (Menkveld et al., 1990; WHO,
1999, 2010). The recently published WHO reference values of
semen characteristics for fertile men (Cooper et al., 2009) should
also be used as a guideline.
For a spermatozoon to be considered normal, the whole spermatozoon, i.e. the sperm head, the neck, midpiece and tail, must be
normal and no excessive cytoplasmic material may be present
(Eliasson, 1971). Therefore, four main categories are noted or distinguished, namely, head defects, neck and midpiece defects, tail defects
and presence of cytoplasmic residues (WHO, 1999; Menkveld, 2007).
Although the WHO (1999) manual states that ‘it is considered
unnecessary routinely to distinguish between all the variations in
head size and shape or the various midpiece and tail defects’, head
size and head shape defects are important criteria in the determination
of a spermatozoon’s morphological normality or abnormality
(Eliasson, 1971; Menkveld, 2007). Sperm size and sperm form have
been shown to seriously affect normal sperm function, including a
spermatozoon’s ability to undergo the acrosome reaction (Menkveld
et al., 2003) and to bind to the zona pellucida of the oocyte
(Garrett et al., 1997). Consequently, these characteristics also have
an inﬂuence on the prediction of the male’s fertility potential (Aziz
et al., 1998; Menkveld, 2010).
The accuracy of sperm morphology assessment depends on the
careful preparation, ﬁxation and staining of spermatozoa, because
these events can, among other things, greatly affect sperm head
dimensions and/or sperm head shape, i.e. sperm head morphometry
(Davis and Gravance, 1993; Meschede et al., 1993; Menkveld, 2007).
Many stains and staining combinations have been employed to assess
sperm morphology (Coetzee et al., 1998). Selection of a staining technique not only depends on the fact that it should cause as little change
as possible to sperm head morphology and morphometry but also on
its ability to stain spermatozoa differentially, clearly indicating the
boundaries of the head, acrosome, post-acrosome areas, midpiece
and tail, in order to evaluate the normality of each part.
The modiﬁed Papanicolaou (PAP) stain has become synonymous
with human sperm morphology assessment (Eliasson, 1971; Menkveld
et al., 1990; WHO, 1999). However, the modiﬁed PAP staining procedure involves in excess of 20 processing steps, uses more than
12 different chemical solutions (WHO, 1999) and is accordingly considered time consuming. The ﬁxation and/or xylene dehydration steps
of this staining procedure may also cause shrinkage of the spermatozoon (WHO, 1999). Therefore, some researchers in the ﬁeld of
sperm morphology evaluation have searched for alternative simpler
and faster staining methods such as Diff-Quikw (Kruger et al., 1987)
or equivalent products such as Hemacolorw (Soler et al., 2003).
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The osmotic pressure of seven of these semen samples were measured
within one to three hours after ejaculation, using a vapour pressure osmometer (Wescor 5100C Vapor Pressure Osmometer, Logan, UT, USA),
calibrated with 290 and 1000 mM/kg standard solutions.

Table I Morphometric variables of the sperm head
measured automatically by the SCAw and manually
with a calliper.
Variable

Morphometric measurements of
spermatozoa in fresh semen

Length (mm)

L

Width (mm)

W

Perimeter (mm)

P

Area (mm2)

A

Ellipticity

L/W

Elongation

(L 2 W)/(L + W)

Roughness

4p (A/P2)

Regularity

p (L*W/4*A)

Preparation of semen smears
All semen samples were processed for staining within one hour of collection and after liquefaction. The sperm concentration was assessed by
pipetting 5 ml of semen into a 20 mm deep chamber of a Leja slide (SC
20-01-04 B; Leja Products B.V., Nieuw-Vennep, The Netherlands), followed by automated analysis with the Motility/Concentration module of
the SCAw system. Only 3– 5 ml of semen was used to make the smear
if the sperm concentration was more than 100 × 106/ml, and 7 –
10 ml was used for sperm concentrations between 20 and 90 × 106/ml.
This procedure resulted in 2 – 10 spermatozoa per ﬁeld viewed using
the 100 × oil immersion objective during morphometric analysis. Six
slides were made from each semen sample for the different staining
procedures and to allow for duplicate slides of each stain.

Chemicals used
The chemicals used during the modiﬁed PAP staining procedure (hereafter
referred to only as ‘PAP staining’) were purchased from Merck, Modderfontein, South Africa. The Diff-Quikw-like stain, called Rapidiffw (RD)
(identical formulation to Diff-Quikw), was obtained from Clinical Sciences
Diagnostics, Southdale, South Africa. SB ﬁxative and stain were supplied
by Microptic SL, Barcelona, Spain. All other chemicals were purchased
from Sigma-Aldrich, Cape Town, South Africa and only analytical grade
or molecular grade chemicals were used.
The osmotic concentration of the stains and their ﬁxatives were measured
using the same vapour pressure osmometer as mentioned previously.

Staining procedures
The air-dried smears were ﬁxed in the appropriate ﬁxatives for the recommended time for each of the three staining methods. Immediately
after ﬁxation, the slides were stained with the RD stains (Stain 1 and
Stain 2; Kruger et al., 1987; WHO, 1999) or the SB stain as previously
described (Van der Horst and Maree, 2009). The smears prepared for
the PAP staining (WHO, 1999) were stained by clinical technologists in
a routine clinical andrology laboratory (Andrology Laboratory, Department of Obstetrics and Gynaecology, Tygerberg Academic Hospital and
Stellenbosch University, Tygerberg, South Africa).

Automated sperm morphometry analysis
Figure 1 Manual measurement of sperm head variables on the
computer screen with a digital calliper.

A Basler A312fc digital camera (Microptic S.L., Barcelona, Spain) was
mounted (C-mount) on a Nikon Eclipse 50i microscope (IMP, Cape
Town, South Africa), equipped with bright ﬁeld optics. The stained spermatozoa were analyzed using a blue ﬁlter, a 100 × oil immersion objective
and the Morphology module of the SCAw system. The brightness and
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Five randomly selected semen samples were used to measure and determine various sperm head morphometry variables on fresh, unstained spermatozoa. A Basler A312fc digital camera (Microptic S.L., Barcelona, Spain)
was mounted (C-mount) on a Zeiss Photomicroscope III (Zeiss, Cape
Town, South Africa), equipped with a Neoﬂuar (Ph2) 40 × objective, a
10 × projection lens (ocular) and a 2.0 × Optivar (intermediate lens) providing an 800 × total magniﬁcation. Sperm were projected onto a 410 ×
260 mm ﬂat screen of the desktop computer using the above mentioned
phase-contrast optics, a light setting of 8.5 V and the Manual counter
module of the SCAw system version 4.0.0.5 (Microptic S.L., Barcelona,
Spain). A Nikon micrometer scale marked in 10 mm units was used for
calibration purposes.
A 10 ml drop of thoroughly mixed, liqueﬁed semen was placed on a
clean glass slide and covered with a 20 × 20 mm cover slip. By using an
electronic digital calliper, measurements of sperm head length and
sperm head width were made from the projected spermatozoa on the
computer screen as soon as ﬂow underneath the cover slip had
stopped (see Fig. 1 for example of method). The electronic calliper was
calibrated to 0.01 mm. The average length of projected spermatozoa on
the screen was 13 mm. Three derived semen variables, ellipticity,
elongation and the width/length ratio, were calculated from sperm head
measurements (see Table I for formulas).
For validation of this method of measurement of the sperm head, three
stained slides (one of each staining technique) of the same ﬁve randomly
selected samples were used (see under ‘Staining procedures’ below).
Manual measurements of the stained spermatozoa with the digital calliper
on the screen were compared with the automatic measurements of the
identical spermatozoa by the SCAw system. Only sperm head length
and sperm head width were measured manually, which allowed the calculation of the ellipticity, elongation and width/length ratio.

Formula

........................................................................................
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Number of spermatozoa to be analyzed
Six stained slides (two RD, two PAP and two SB slides) were randomly
selected from the pool of 12 donors and spermatozoa were analyzed in
four sets of 50 spermatozoa per slide. Each set of 50 randomly selected
spermatozoa were followed by a different set of 50 randomly selected
spermatozoa, until a total of 200 spermatozoa had been analyzed per
slide. During the statistical analysis, the four sets of 50 spermatozoa
were compared with each other to determine if there were differences
in selecting any random number of 50 spermatozoa. The ﬁrst two and
the last two sets of 50 spermatozoa were also combined (creating two
sets of 100 spermatozoa each) to determine if there were differences in
selecting any random number of 100 spermatozoa. Only sperm head
length, width, perimeter and acrosome coverage were used to determine
the number of sperm to be analysed since these variables were subsequently used to derive the other sperm head variables (Table I).
Taking the results of the above into consideration, at least 100 spermatozoa were analyzed for each of the three different stained smears per
semen sample and at least 50 spermatozoa for the wet fresh measurements of spermatozoa.

Inter-laboratory variation using ASMA
The inter-laboratory variation was determined by using two equivalent SCAw
systems (operated by two independent technicians) to analyze the same
stained slides. The above mentioned ASMA setup was used at the Department of Medical Biosciences, University of the Western Cape, South Africa.
A similar setup was used by the Division of Medical Physiology, Department
of Biomedical Sciences, Stellenbosch University, South Africa, with the only
difference being that a different model microscope, a Nikon Eclipse E200
(IMP, Cape Town, South Africa), was used instead of the Nikon Eclipse E50i.

Transmission electron microscopy
Semen samples were prepared for transmission electron microscopy
(TEM) using standard preparation techniques (Chemes et al., 1998).
This involved ﬁxing 200 – 400 ml semen in 500 ml 2.5% phosphate buffered
glutaraldehyde followed by post-ﬁxation in 1% osmium tetroxide in the
same buffer. The ﬁxed samples were subsequently processed for TEM
including contrasting with lead citrate and uranyl acetate. A Reichert ultramicrotome (SMM Instruments, Johannesburg, South Africa) with a
diamond knife (Agar Scientiﬁc, Randburg, South Africa) was used to
make silver to gold sections. Thin sections on copper grids were examined
using a Jeol JEM 1011 transmission electron microscope at 80 kV
(Advanced Laboratory Solutions, Johannesburg, South Africa). The electron micrographs of seven donor samples were assessed to determine
the acrosome coverage of the human sperm head. In this regard, only
spermatozoa sectioned in sagittal or coronal planes were analyzed. After

taking actual measurements of the length of the sperm head and acrosome, the relevant percentage acrosome cover (acrosome length/sperm
head length) could be determined. This data was used to compare it to
the percentage acrosome coverage determined by the SCAw system for
the three different staining techniques.

Statistical analysis
The MedCalc programme version 9.3.6.0 (Mariakerke, Belgium) was used for
all statistical analyses. Tests were performed for normality of distribution. Data
sets mostly represented normal distributions. Accordingly, one way analysis of
variance (ANOVA) was used to compare more than two sets of data. In this
respect Levene’s test for equality of variances was applied and when P . 0.05,
ANOVA analysis was performed. Any signiﬁcant differences (P , 0.05) as
indicated in the ANOVA table between groups were furthermore analyzed
using the Student–Newman–Keuls test for all pairwise comparisons. In
subsets of data that appeared to have non-parametric data distributions, the
Kruskal–Wallis test was employed and further elaborated for individual differences using the Mann–Whitney U-test for independent samples. Bland and
Altman plots were used to establish the validity of the manual method of
measurements of spermatozoa in fresh semen compared with both the automatic and manual measurement of stained smears (all three stains) of the same
donor. Passing and Bablok linear regression graphs were used to verify that the
manual measurements obtained with the calliper on screen and the automatic
measurements were due to accurate/inaccurate measurement and not due to
chance. Data are represented as the mean + standard deviation (SD) in the
tables and P , 0.05 was considered signiﬁcant. In the ﬁgures where data are
represented as box-and-whisker plots, each box plot displays the following
parameters for a given distribution: (i) median (centre line of box), (ii)
second and third quartile values representing the middle 50% of the values
(central box), (iii) range of data excluding data points lying outside the one
and a half times interquartile range (T-bars) and (iv) data points lying
outside the one and a half time (plotted with a square marker) or three
times the interquartile range (plotted with a round marker).

Results
Osmolality
The semen characteristics and the osmolality of human semen, ﬁxatives and stains used during this study are shown in Table II. It is
evident from these values that there are distinct differences among
Table II Semen characteristics (average + SD) and
osmolality of semen, ﬁxatives and stains.
Semen variable

Measurement

........................................................................................
Volume (ml)

3.3 + 0.9

Sperm concentration (106/ml)

56.8 + 19.8

Motility (%)

66.5 + 18.4

Osmolality (mOsm/kg or mM/kg):
Semen (n ¼ 7)

360

Rapidiffw Fixative

46

Rapidiffw Stain 1

182

Rapidiffw Stain 2

170

Methanol

82

SpermBluew Fixative

319

SpermBluew Stain

377
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contrast settings on the SCAw system were identical for all the ASMA analyses, but the light setting of the microscope was optimized for each staining method. All spermatozoa which did not overlap with each other or
with background staining were considered for analysis.
The SCAw system automatically detects the acrosome, head and midpiece
of spermatozoa and makes rapid and accurate measurements of various variables. For the purpose of this study, only the acrosome and head variables
were included in the evaluations. A total of nine morphometric variables
(sperm head length, head width, head perimeter, head surface area, head ellipticity, head elongation, head roughness, head regularity and the percentage
acrosome coverage of the head) were either assessed or calculated. A 10th
derived variable (the width/length ratio, as recommended by Davis and
Gravance, 1994), was also calculated and used in the statistical analysis.
Table I summarizes the various morphometric measurements and the formulas used by the SCAw system for the derived variables.
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the semen osmolality (360 mM/kg) and that of the PAP methanol ﬁxative (82 mM/kg), the RD ﬁxative (46 mM/kg) and the two RD stains
(182 and 170 mM/kg). The SB ﬁxative (319 mM/kg) and SB stain
(377 mM/kg) had osmolality values much closer to that of the semen.

(Levene’s test, P . 0.05) for all three staining techniques (data not
shown), when the sperm head length, width and perimeter were
assessed. This was also true when the different groups (sets of 50
or 100 spermatozoa) were compared with each other (ANOVA,
P . 0.05) (Fig. 2, data for the two sets of 100 spermatozoa are not
shown). However, when the acrosome coverage was assessed,
there was signiﬁcant variation between the four sets of 50 spermatozoa for RD and SB (the ﬁrst set of 50 spermatozoa was signiﬁcantly
different from the other sets). Once again, there was no signiﬁcant
variation within the groups or any signiﬁcant difference among the

Inﬂuence of the number of spermatozoa
analyzed
Comparison of the variation within the four sets of 50 spermatozoa or
the two sets of 100 spermatozoa revealed no signiﬁcant difference
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Figure 2 Box-and-whisker plots illustrating the variation found within and between different sets of 50 sperm for selected sperm head variables.
1, 2, 3, 4 ¼ different sets of 50 sperm (1 ¼ 1 –50, 2 ¼ 51– 100, 3 ¼ 101 –150, 4 ¼ 151– 200). PAP, Papanicolaou; RD, Rapidiffw; SB, SpermBluew. a, b ¼ boxes labelled
with different letters are signiﬁcantly different (P , 0.05) from each other within the staining technique.
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groups when acrosome coverage was assessed for PAP and for the
two sets of 100 sperm of RD or SB. It is assumed that if no signiﬁcant
difference was found between the four sets of 50 spermatozoa or the
two sets of 100 spermatozoa, there will also be no difference between
any set of 50, 100, 150 or 200 spermatozoa. Thus, in general, it should
be sufﬁcient to analyze only 50 spermatozoa to have a representative
sample of the population, but it is recommended that 100 spermatozoa be analyzed, especially if the acrosome coverage is of importance.

RD, with many other stained particles in close contact with the
stained sperm head. The differences in the measurements of the
various sperm head variables among the three staining procedures,
as shown in Table III and Fig. 3, are also seen in Fig. 4, especially
the differences in the head length, width and percentage acrosome
coverage.

Inﬂuence of staining procedure on sperm
head morphometry

In general, there were no major signiﬁcant differences in the automatic
analyses of the various sperm head variables between the two laboratories involved (Fig. 3). For three variables (head length, head perimeter
and acrosome coverage), however, differences were found when the
RD stain was evaluated. The acrosome coverage measured in the SB
stained spermatozoa was also different between the two laboratories.

Morphometric measurements of
spermatozoa in fresh semen
A comparison of the manual measurements (calliper on the screen)
with the automatic measurements (SCAw system) for sperm head
length and width were used to validate the method utilized for
measuring spermatozoa in fresh semen (Fig. 1). The Bland and
Altman plots in Fig. 5 indicate that the data points are evenly distributed and that there were no distinct deviations from the mean for any
of the three staining procedures. Calculation of the Passing and Bablok
regressions (Fig. 5) reveals no signiﬁcant deviation from linearity (P .
0.10). Although Fig. 5 only indicates the sperm head length variable,
the same distributions and regressions were found for the sperm
head width. Therefore, since there were no signiﬁcant differences
between the manual and automatic analyses of the sperm head
length and width, it was validated that this method (calliper on
screen) of measuring spermatozoa in fresh semen is an acceptable
method for the measurement of these variables.
Table III also includes the measurements of selected sperm head
variables in fresh semen compared with the values obtained by the

Table III SCAR analysis (mean + SD) of sperm head morphometry for the three staining techniques compared with
spermatozoa in fresh semen.
Papanicolaou

Rapidiffw

SpermBluew

Fresh measurement*

.............................................................................................................................................................................................
Number of semen samples

24

24

24

5

Length (mm)

4.28 + 0.27a

5.17 + 0.27b

4.73 + 0.27c

Width (mm)

2.65 + 0.19a

3.12 + 0.21b

2.75 + 0.24a

a

9.26 + 0.99

b

12.87 + 1.19

10.47 + 1.21c

–

11.83 + 0.69a

14.33 + 0.75b

12.99 + 0.80c

–

a

a

2

Area (mm )
Perimeter (mm)

4.79 + 0.26
2.82 + 0.23

Ellipticity

1.63 + 0.11

1.68 + 0.10

1.75 + 0.13b

1.73 + 0.12

Width/length ratio

0.62 + 0.04a

0.60 + 0.04a

0.58 + 0.04b

0.59 + 0.04

Elongation

0.23 + 0.03a

0.25 + 0.03a

0.27 + 0.03b

0.26 + 0.03

Roughness

a

0.83 + 0.02

b

0.79 + 0.02

b

0.78 + 0.03

–

Regularity

0.96 + 0.01a

0.98 + 0.01b

0.97 + 0.02b

–

32.76 + 7.43a

23.73 + 7.97b

46.29 + 8.63c

–

Acrosome coverage (%)
a,b,c

Values with different superscript letters in the same row are signiﬁcantly different (P , 0.05) from each other.
*Signiﬁcance values are shown in Fig. 6.
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The morphometric values of the various sperm head variables according to the three staining procedures are presented in Table III. All
these variables were signiﬁcantly inﬂuenced by the staining procedure
(P , 0.05), however, the differences between the three staining procedures revealed various trends. Although Table III only includes the
mean values, the same signiﬁcant differences and trends were found
among the three staining procedures for each donor.
For the sperm head length, width, area and perimeter measurements (Fig. 3), RD had signiﬁcantly larger values, followed by SB and
then PAP i.e. RD . SB . PAP, except for width, where there was
no signiﬁcant difference between SB and PAP. In terms of acrosome
coverage, SB measurements showed a signiﬁcantly larger percentage
coverage, followed by PAP and then RD (SB . PAP . RD). SB also
had the highest value for elongation and ellipticity, but there was no
signiﬁcant difference between the other two staining procedures for
these variables. PAP had the lowest value for regularity, but the
highest value for roughness (P , 0.05).
Figure 4 shows examples of human semen stained according to the
three staining procedures and analyzed by means of the SCAw Morphology module. For each spermatozoon analyzed, the actual
stained spermatozoon is shown on the left, and on the right the analysis of the same spermatozoon (acrosome yellow, head blue and midpiece green) is superimposed on it. It is evident from this visual
evaluation that there is a higher degree of background staining in

Inter-laboratory variation when using
equivalent ASMA systems
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The three staining techniques include PAP, RD and SB. The inter-laboratory variation is also indicated—‘S’ and ‘W’ in front of the staining technique refers to the two
institutions where these analyses were performed using equivalent ASMA systems. a, b, c ¼ boxes labelled with different letters are signiﬁcantly different (P , 0.05)—
institution ‘S’. d, e, f ¼ boxes labelled with different letters are signiﬁcantly different (P , 0.05)—institution ‘W’. * ¼ signiﬁcant inter-laboratory variation (P , 0.05).

SCAw system for the three staining procedures, using ﬁve randomly
selected donors (all part of the original 12 donors). Figure 6 includes
comparisons of selected sperm head variables of the fresh and stained
spermatozoa of the same ﬁve donors. In terms of sperm head length,
the PAP stained spermatozoa were signiﬁcantly shorter than the fresh
spermatozoa, as well as the RD and SB stained spermatozoa (Fig. 6).
On the other hand, the RD stained spermatozoa were signiﬁcantly
wider than the PAP-stained, SB-stained and fresh sperm (Fig. 6). In
contrast, fresh measurements did not differ signiﬁcantly from SB
measurements for sperm width or length (P . 0.05; Fig. 6). Furthermore, there was no difference between the ellipticity, elongation or
width/length ratio of the fresh measurements and any of the stained
sperm measurements (P . 0.05; Fig. 6).

TEM acrosome coverage of the human
sperm head
Figure 7 contains examples of sagittal sections through the human
sperm head, revealing the posterior end of the acrosome. These electron micrographs clearly show that the acrosomal region covers more

than 40% of the length of the sperm head. Figure 8 indicates the differences found between the acrosome coverage of the human sperm
head as analyzed by the SCAw system for the three staining techniques, compared with the manual measurements of the corresponding donors’ acrosome coverage using the electron micrographs. PAP
stained spermatozoa had a mean percentage acrosome coverage of
33.8 (+6.73), RD 24.2 (+8.55), SB 47.4 (+6.86) and the manual
measurement was 54.6 (+3.22; Fig. 8).

Discussion
In the present study on the morphometric dimensions of the human
sperm head, it was found that different staining techniques did have
an inﬂuence on these dimensions. The changes in sperm head dimensions were not uniform when the effect of three staining techniques
was compared with spermatozoa in fresh semen. In terms of the differential staining of the various parts of the spermatozoon, it was also
shown that the three staining techniques did not reveal the same boundaries of the acrosome, as measured by the SCAw ASMA system.
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Figure 3 Box-and-whisker plots illustrating the inﬂuence of staining technique on various sperm head variables (donors n ¼ 24).
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with PAP (A), RD (B) and SB (C).
The SCAw system recognizes the acrosome (yellow), head (blue) and midpiece
(green). Each stained sperm is shown on the left and to its immediate right the
SCAw analysis of that particular sperm is shown. Actual measurements of the
effect of the staining techniques on the sperm head dimensions are shown in
Table III.

The search for a staining technique which is both fast and easy and
stains spermatozoa differentially for morphology analysis has been an
ongoing process (Coetzee et al., 1997; Ombelet et al., 1997). With
the increasing use of automated systems for sperm morphology and
morphometry analysis, many of these widely used staining techniques
have been re-evaluated for their application in ASMA (Davis and
Gravance, 1993; Coetzee et al., 1997; Menkveld et al., 1997; Soler
et al., 2003). Once a new staining method has been developed, it
should also be compared with these well recognized staining
procedures to determine its suitability for sperm morphology and
morphometry analysis. Another important factor that should be
taken into account when selecting a staining technique is how the
staining procedure alters sperm morphology and/or the sperm
dimensions compared with those found in fresh semen.
Two factors that have an inﬂuence on sperm dimensions are the
osmolality and the tonicity of the surrounding medium. In studies
which focused on the cryopreservation of spermatozoa, it has been

reported that spermatozoa act as osmometers and will swell when
placed in hypotonic media and shrink in hyper-osmotic conditions
(Drevius, 1972; Gao et al., 1993). Sperm motility and membrane integrity are also affected by these two factors and seem to be more sensitive
to hypertonic than hypotonic conditions (Rutlland et al., 2003).
Although it is recommended that culture media for sperm preparations
have an osmolality of 280–290 mM/kg (Mortimer, 1994), the osmolality of human semen was determined as ranging between 330 and
370 mM/kg. Compared with the different ﬁxatives and stains used
during this study, it is clear that the RD chemicals and methanol (ﬁxative
for PAP staining procedure) could cause extreme hypo-osmotic conditions. The inﬂuence of each of the more than 12 different chemicals
used during the PAP staining technique was not determined.
However, it has been reported that xylene, alcohol and the dehydration
of human spermatozoa cause shrinkage of cells (Ross, 1953; Gao et al.,
1993) and that different ﬁxative techniques alter sperm head dimensions signiﬁcantly (Sancho et al., 1998). According to the osmolalities
reported in this study and the composition of the SB ﬁxative and
stain, these media are relatively iso-osmotic and isotonic (due to
balanced salts solutions) in relation to the semen and, therefore,
should have less effect on the sperm head dimensions than RD and PAP.
The number of spermatozoa to be analyzed to include a representative sample of the whole population varies between the different techniques employed to analyze spermatozoa. If sperm morphology is
determined manually, it is recommended to evaluate at least 200 spermatozoa per sample (WHO, 1999). The implementation of ASMA
systems has increased the accuracy and objectivity of sperm morphology analysis (Coetzee et al., 1999a) and, therefore, it is suggested
that fewer spermatozoa (50 or 100) need to be analyzed per sample
to represent the sperm population. However, since the acrosome coverage was signiﬁcantly different between the sets of 50 spermatozoa for
RD and SB in the present study, it would be advised to analyze at least
100 spermatozoa when using these two staining procedures. This
number of spermatozoa to be analyzed is consistent with other
reports which also implemented the SCAw system or similar staining
techniques (Gago et al., 1998; Coetzee et al., 1999a; Soler et al., 2003).
A high incidence of background staining was found with the RD staining technique, which caused the boundaries of the sperm head to be
masked and not easily detected by the SCAw system. This resulted in
incorrect analyses and an increase in the time of analysis for these
stained slides, because a large number of spermatozoa had to be eliminated. Similar problems with background staining have been reported
when either the PAP or Diff-Quikw staining techniques have been
used (Kruger et al., 1995; Menkveld et al., 1997; Gago et al., 1998).
Very little interference or background staining were experienced with
the PAP or SB stained slides in the present study. One option to
reduce the background staining would be to wash the semen before
preparation of the smears (Kruger et al., 1996; Lacquet et al., 1996).
Since most routine semen analysis is performed using unprocessed
semen (WHO, 1999), all analyses in the present study were done on
unwashed spermatozoa from the neat ejaculate.
The effect of different staining techniques on sperm morphology and
morphometry has been investigated (Davis and Gravance, 1993;
Lacquet et al., 1996; Oral et al., 2002). A few studies acknowledge
the fact that some staining techniques either increased or decreased
the sperm head dimensions (Katz et al., 1986; Meschede et al., 1993;
Franken et al., 2000; Hidalgo et al., 2006), but that in the case of
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Figure 4 SCAw analysis of the same human semen sample stained
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PAP, Papanicolaou; RD, Rapidiffw; SB, SpermBluew

ASMA analyses, these systems should be adapted to incorporate the
changes in dimensions (Menkveld et al., 1996; Coetzee et al., 1997;
Henkel et al., 2008). In the present study, RD stained cells had the
highest values for head length, width, area and perimeter, although
the opposite was true for PAP stained spermatozoa. The values for
SB stained spermatozoa fell in between that of the other two staining
techniques (RD . SB . PAP). The fact that the SB stained spermatozoa had signiﬁcantly different ellipticity and elongation, was due to the
fact that the difference in the sperm head length and width, expressed
as a percentage of length or width, was the highest for SB (42%, 72%)
(RD 40%, 66%; PAP 38%, 61%). The measurements of the various
human sperm head morphometry parameters determined in the
present study fall within the range reported by Katz et al. (1986) and
Soler et al. (2003) for PAP and Diff-Quikw staining.

It was clearly shown that in terms of head length and width the SB
stained sperm values were most consistently similar to the fresh
measurements of native spermatozoa. RD caused excessive swelling
in terms of the width of the sperm head and PAP caused the sperm
head to shrink in terms of length when compared with the fresh
measurements. Although the RD stained spermatozoa did not differ
from the SB stained spermatozoa and the fresh spermatozoa in terms
of sperm head length, it still had the largest value for this parameter.
Similarly the PAP stained spermatozoa still had the lowest value in
terms of sperm head width (RD . SB . PAP). The difference in the
head length and width, expressed as a percentage of length or width,
for SB (42%, 72%) was closest to the values for the native spermatozoa
(41%, 70%). Thus, looking at the overall changes in sperm head dimensions, it seems that RD causes spermatozoa to swell and PAP causes

Downloaded from http://humrep.oxfordjournals.org by Roelof Menkveld on June 10, 2010

Figure 5 Bland and Altman plots (A1, B1, C1) with corresponding Passing and Bablok regression graphs (A2, B2, C2) for the comparison of the
manual and automatic analysis of sperm head length (HL).
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sperm head variables (donors n ¼ 5).
The actual measurements of these variables are shown in Table III. a, b, c ¼ boxes labelled with different letters are signiﬁcantly different (P , 0.05).

spermatozoa to shrink. Similar effects have been reported in previous
studies that investigated Diff-Quikw-like stains (Gago et al., 1998;
Soler et al., 2003) and PAP (Katz et al., 1986; Davis and Gravance,
1993). No adverse effects on sperm head dimensions were reported
when SB was used to stain spermatozoa from various species (Van
der Horst and Maree, 2009) and this has been indicated again in the
present study.
When comparing the osmolality values of the different ﬁxatives and
stains with the effects of the three staining techniques on sperm head
dimensions, it is evident that these factors inﬂuence each other. The
question, however, still remains that, if the changes in sperm head
dimensions caused by the different staining techniques are not
uniform, will all spermatozoa be affected to the same degree and
may this cause a higher or lower percentage scoring of normal or
abnormal spermatozoa in a semen sample? Hidalgo et al. (2006)

suggested that the extent of the changes due to a speciﬁc staining
technique might cause the spermatozoa to become more uniform in
size and shape, resulting in lower variability within the sperm head
measurements. If these changes in the sperm head dimensions
cause the spermatozoa to become more or less ‘normal’ according
to the different classiﬁcation systems, it could result in an increase
or decrease in the percentage normal spermatozoa. For instance,
several studies reported that the Diff-Quikw method resulted in a
higher percentage normal sperm morphology when directly compared
with other staining methods (Menkveld et al., 1997; Coetzee et al.,
2001). Since the percentage normal spermatozoa in a semen sample
is widely used as an indication of a patient’s fertility status (Enginsu
et al., 1991; Hofmann et al., 1996; Coetzee et al., 1999b), this could
theoretically result in an incorrectly diagnosed infertility or subfertility
status and possible infertility treatment.
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Figure 6 Box-and-whisker plots illustrating the comparison of PAP, RD and SB staining techniques with the fresh measurement (F) of selected
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Figure 8 Box-and-whisker plot to illustrate the comparison of
the percentage acrosome coverage of the sperm head as analyzed
by the SCAw system for the three staining techniques (PAP, RD,
SB) and the manual measurement of electron micrographs (TEM)
(donors n ¼ 7). a, b, c ¼ boxes with different letters are signiﬁcantly
different (P , 0.05).
Another important parameter which seems to be inﬂuenced by the
staining technique is the acrosome coverage of the sperm head. The
signiﬁcant differences found between the acrosome coverage of the
three staining techniques substantiates the fact that different stains
and staining procedures do not result in identical acrosomal boundaries. The most notable fact is, however, that when the same

semen samples were evaluated (measured with the SCAw system),
the SB stained spermatozoa had a mean acrosome coverage of
47.4%, PAP 33.8% and RD 24.2%. In the WHO guidelines for
semen analysis (WHO, 1999) it is stated that acrosome coverage of
40 –70% should be considered as normal. This essentially means
that if the spermatozoa were stained with SB, it would be classiﬁed
normal, but abnormal if stained with PAP or RD.
Veriﬁcation of the actual size of the acrosome with electron
microscopy revealed that the mean acrosome size is 54.6% of the
sperm head, which indicates that the SB values for the acrosome coverage is closest. One criticism of using this manual method to verify the
percentage acrosome cover could be that only the length of the acrosome and sperm head was measured to determine the percentage
cover, whereas the SCAw system determines this parameter by using
the area of the acrosome and sperm head. These two methods for
determining the percentage acrosome cover should result in nearly
identical values if the sperm head is oval or round, but might become
problematic if spermatozoa have abnormal shaped heads, e.g. pyriform
or elongated (tapering), where the area of the acrosome is larger or
smaller relative to the area of the sperm head, but it has no effect of
the length of the acrosome. However, when manually measuring the
length of the acrosome and sperm head of the spermatozoa analysed
by the SCAw system (to validate using the head length rather than the
head area), the percentage acrosome coverage was very similar to
the values determined by the SCAw system for all three staining techniques (34.6 versus 33.8% for PAP, 26.6 versus 24.2% for RD and
46.0 versus 47.4% for SB). It must be noted that in previous studies a
much higher acrosome coverage have been reported with both the DiffQuikw and the PAP staining techniques (Soler et al., 2003). This could be
due to inter-laboratory differences in the execution of the staining
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Figure 7 Electron micrographs of sagittal sections through the human sperm head—arrows indicate the posterior end of the acrosome.
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