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Objective: To compare two staining methods to assess sperm morphology: Diff-Quik (DQ), which is the fastest of the recommended
techniques, and Testsimplets (TS), a technique that uses prestained slides and is quite popular in in vitro fertilization (IVF) centers.
Design: Prospective study.
Setting: Patients at the Sterility Center of the Obstetrics and Gynecology Unit of the Hospital of S.S. Cosma and Damiano (Azienda USL
3 of Pistoia, Italy).
Patient(s): 104 randomly enrolled male patients evaluated by the seminology laboratory.
Intervention(s): None.
Main Outcome Measure(s): Statistical comparison of sperm morphology results obtained after staining of semen samples both with
DQ and TS.
Result(s): Our data show that TS gives a statistically significantly lower number of normal forms than DQ (median: 6% [range: 0–29%]
vs. 12% [range: 0–40%], respectively) as well as an overestimation of sperm head defects (median: 92.0% [range: 67%–100%] vs. 82.3%
[range: 55%–100%], respectively).
Conclusion(s): The two staining methods should not be considered equivalent. Specifically, the lower reference limit established by the
World Health Organization is not appropriate when spermmorphology is assessed by TS. The routine application of TS in the evaluation
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of spermmorphology is therefore not recommended because it leads to an overestimation of pa-
tients with sperm morphology values below the lower reference limit (4%), thus potentially
influencing clinical decisions. (Fertil Steril� 2013;-:-–-. �2013 by American Society for
Reproductive Medicine.)
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F or routine semen analysis, refer-
ence values for sperm concentra-
tion, motility, and morphology

are provided by the World Health Orga-
nization (WHO) laboratory manual for
the examination and processing of hu-
man semen (1). In the most recent ver-
sion of the WHO manual, the reference
values were determined by a large mul-
ticenter study that recruited 4,500 men
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from 14 different countries whose part-
ners had a time to pregnancy %12
months (2). According to this study,
the lower reference limit for each of
the semen parameters corresponded to
the 5th percentile (95% confidence
interval [CI]) observed in the study pop-
ulation. For sperm morphology, the
lower reference limit value decreased
from 15% (3) to 4% (1).
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Spermatozoa are defined as mor-
phologically normal on the basis of
those recovered from the female repro-
ductive tract, especially in uterine
lumen, the fallopian tubes (4), and the
postcoital endocervical mucus (4–6).
In addition, it has been reported that
normal spermatozoa according to the
strict criteria (7) can be selected
in vitro by the presence of the
hyaluronic acid (HA) binding sites on
their surface (8).

The association between normal
sperm morphology and the pregnancy
rate in vitro and in vivo has been re-
ported by several investigators (9, 10),
thus suggesting that morphology
assessment is critical predictive
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information for supporting clinical decisions. However, other
investigators have questioned the role of sperm morphology
in in vitro fertilization (IVF) because the percentage of
normal spermatozoa assessed by strict criteria does not
correlate with the outcome of the IVF cycles (11–13).

According to Mortimer and Menkveld (14), Papanicolaou
staining is the recommended method for the best morphology
assessment in routine application. This method was originally
introduced for vaginal cytology and then was modified to en-
able the evaluation of sperm morphology (15). The World
Health Organization manual (1) admits also the use of Shorr
(16) and Diff-Quik (17) staining techniques. These techniques
have the advantage of being fast, but they provide fewer
sperm details than Papanicolaou staining (14). No statistically
significant difference has been observed when comparing the
Papanicolaou and the DQ staining methods (17, 18) using
both washed and nonwashed samples (18), and extensive
agreement has also been found between Papanicolaou and
Shorr stained smears (19). All these methods accurately
stain each region of the spermatozoa: the sperm head stains
pale blue in the acrosomal region and dark blue in the
postacrosomal region, the midpiece may show some red
staining, and the tail stains blue or reddish (1).

Testsimplets (TS), another commercially available stain-
ing method (20), is a simple, rapid procedure that uses precol-
ored slides and does not require the use of chemical reagents.
Although TS is not included among the methods recommen-
ded by the WHOmanual, it has become popular in IVF centers
(21), including Italian centers, as revealed by the recent sur-
vey within the External Quality Control (EQC) program for
seminology performed in the Tuscany region (personal com-
munication by the Quality and Security Unit, AOUC Careggi,
Florence, Italy). Only a few studies have compared TS with the
recommended staining methods (19, 22), so further data are
needed. We compared DQ and TS, two staining methods
used for sperm morphology assessment, to evaluate the
consequences of using TS in male infertility workups.
MATERIALS AND METHODS
Our study enrolled 104 male patients attending the Seminol-
ogy Laboratory at the Sterility Center of the Obstetrics and
Gynecology Unit of the Hospital of S.S. Cosma and Damiano
(Azienda USL 3 of Pistoia, Italy). The evaluation of seminal
fluid was performed as part of a couple's infertility assessment
(n¼ 95) or during an assessment for other andrologic diseases
(n ¼ 9). The ages of the men were between 19 and 57 years
(mean 34.7 � 6.1 standard deviation [SD] years). The study
protocol was approved by the local ethics committee, and
all participants gave their informed consent before inclusion
in the study.

Semen samples were collected by masturbation at the
hospital after 2 to 7 days' abstinence from intercourse. The se-
men analysis was performed according to the current WHO
guidelines (1). The mean sperm concentration and progressive
motility (rapid and slow) determined in our group of samples
were 27.9� 25.0� 106/mL and 41.3%� 15.0%, respectively.
For the morphology assessment, each sample was stained us-
ing the two methods: the Diff-Quik (DQ) staining technique
2

(Diff-Quik staining kit; Origio Italia) and stain-coated Test-
simplets (TS) slides (Waldeck GmbH & Co. KG).

For the DQ method, we followed the WHO manual guide-
lines (1). We smeared 10 mL of semen on a slide, which was
fixed by immersion in triarylmethane fixative for 15 seconds
after complete air drying. The smears were then consecutively
stained by solution 1 (10 seconds), then air-dried and stained
by solution 2 (5 seconds). Finally, the slides were washed in
running tap water to remove the excess stain (10 to 15 times)
(1). The stained slides were read at�1,000 magnification with
oil immersion (Leica Microsystems) within 5 hours of their
preparation.

For the TS method, 10 mL of semen were placed on the
prestained slide and then covered with the coverslip. The sam-
ple was read at �1,000 magnification with oil immersion
within 1 hour of slide preparation.

We examined 200 spermatozoa in two replicates for each
staining method. The evaluation of the percentage of mor-
phologically normal and abnormal spermatozoa was per-
formed according to the WHO guidelines (1). In addition,
among the spermatozoa with abnormal morphology, the per-
centage of head, midpiece, and flagellum defects was
monitored.

The morphology score for both DQ and TS stained sam-
ples was performed through blinded slide analyses by the
same operator. The latter participates in the External Quality
Assurance Programme operated by the European Society of
Human Reproduction and Embryology (ESHRE) Andrology
Special Interest Group (SIGA) for the assessment of sperm
concentration, motility, morphology, and vitality.
Statistical Analysis

The statistical analysis was performed using SPSS software
(version 17.0; SPSS, Inc.) and Analyse-it (Evaluation Edition
for Microsoft Excel; Analyse-it Software, Ltd.). The nonpara-
metric Wilcoxon test for paired samples was used to compare
the mean values obtained by the two methods. The statistical
analysis was performed by Deming regression, which ac-
counts for measurement error in both the independent and
dependent variable, yielding a regression line that minimizes
the sum of the square of residual in both x and y directions si-
multaneously (23).

Bland and Altman plots (24) were then constructed, with
the difference between the two methods plotted against the
average measure of the two methods both for normal sperm
morphology (%) and for head defects (%). Agreement between
the two methods was determined by Cohen's kappa statistic
(25–27), using the lower reference limit established by
WHO—that is, 4% (1)—as the threshold value to split the
study population into two groups. The kappa statistic
examines the amount of agreement between two
measurements by calculating the kappa value (K), ranging
from �1 to 1: K ¼ �1 when the agreement is less than
what would be expected by chance; K ¼ 0 when the
agreement does not differ from what would be expected by
chance. The interpretation of kappa values was assessed by
the criteria of Landis and Koch (26), who defined six levels
of agreement: ‘‘poor’’ (K < 0.00), ‘‘slight’’ (K ¼ 0.00–0.20),
VOL. - NO. - / - 2013



FIGURE 1

Stained smears of human sperm obtained using (A) Diff-Quik and (B)
Testsimplets.
Natali. Testsimplets for sperm morphology assessment. Fertil Steril 2013.
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‘‘fair’’ (K ¼ 0.21–0.40), ‘‘moderate’’ (K ¼ 0.41–0.60),
‘‘substantial’’ (0.61–0.90), and ‘‘almost perfect’’ (K ¼
0.81–1.00).

RESULTS
Typical staining patterns obtained by the two methods (DQ
and TS) are shown in Figure 1. In Table 1 we report the
mean, the standard deviation, the median, and the range
values of the percentages of normal sperm morphology and
head defects as determined using DQ (nDQ and hDQ, respec-
tively) and TS (nTS and hTS, respectively) staining methods.
TABLE 1

Mean and median values of normal sperm morphology (%) and head defe

Parameter

Testsimplets

Mean SD Median Rang

Normal morphology (%) 7.6 6.2 6 0–2
Head defects (%) 89.8 7.5 92 67–1
Note: P values are obtained using the nonparametric Wilcoxon test. SD ¼ standard deviation.

Natali. Testsimplets for sperm morphology assessment. Fertil Steril 2013.
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As shown, the percentage of normal morphology was statis-
tically significantly lower using TS than DQ in the same study
population. Similarly, the percentage of head defects was sta-
tistically significantly higher by TS than DQ (Table 1).

The compared distribution of both normal sperm mor-
phology and head defects as obtained by the two methods is
shown in Supplemental Figure 1 (available online). The distri-
bution of normal morphology by TS shifted toward the lower
percentage with respect to DQ (Supplemental Fig. 1A). Simi-
larly, the distribution of head anomalies by TS shifted toward
higher values when compared with the distribution obtained
by DQ (Supplemental Fig. 1B).

To further compare the two methods, we performed a De-
ming regression analysis of nDQ and nTS as measured in the
104 samples (Fig. 2A). The corresponding regression (Syjx ¼
4.62) equation resulted: nTS¼�2.29þ 0.76 nDQ. The 95% CI
was 0.58–0.94 for the slope and�4.19–0.39 for the intercept.
The slope and the intercept were thus statistically signifi-
cantly different from 1 and 0 (null hypothesis), respectively,
indicating that the two methods are not equivalent.

We also performed a Deming regression analysis to com-
pare the results of head defects (%). (see Fig. 2B). The percent-
age of head defects determined by TS (hTS) was much higher
than determined by DQ (hDQ), and the following regression
equation resulted: hTS ¼ 33.52 þ 0.69 hDQ; 95% CI for the
slope: 0.50–0.88; 95% CI for the intercept: 17.09–49.95;
Syjx ¼ 6.50. Hence, the slope and the intercept were statisti-
cally significantly different from 1 and 0, respectively.

The Bland-Altman plot of the differences (Fig. 3A) be-
tween the two methods confirmed that the normal morphol-
ogy values obtained by TS were considerably lower than
those obtained by DQ (mean difference (nTS � nDQ): �5.42
� 0.53% [mean � standard error of the mean]). It is interest-
ing that the shape of the distribution suggests that the differ-
ence between the two methods proportionally increases with
the magnitude of the measurement.

Similarly, for sperm head defects the Bland-Altman plot
of the difference (Fig. 3B) between the methods confirmed
the Deming regression results—that is, an overestimation of
head defects using TS compared with DQ (difference: 8.17 �
0.775% [mean � standard error]). Moreover, similarly to
what we had observed for sperm morphology, such a differ-
ence between the two methods slightly increases for the lower
values of head defects.

The agreement between the two methods for normal
spermmorphology was determined by the kappa statistics us-
ing 4% as a threshold value (1) to split the study population
cts (%) obtained using Diff-Quik versus Testsimplets.

Diff-Quik

P valuese Mean SD Median Range

9 13.0 7.6 12.0 0–40 < .001
00 81.6 9.4 82.3 55–100 < .001

3



FIGURE 2

Deming's regression analysis for (A) normal sperm morphology and
(B) sperm head defects determined by Diff-Quik (DQ) and
Testsimplets (TS) staining methods.
Natali. Testsimplets for sperm morphology assessment. Fertil Steril 2013.

FIGURE 3

Bland-Altman plot of the difference versus the average of the values
obtained by Diff-Quik (DQ) and Testsimplets (TS) for (A) sperm
morphology and (B) head defect assessment. The continuous line
(bias) represents the mean difference, and dashed lines represent
the 95% limits of agreement (�1.96 standard deviation).
Natali. Testsimplets for sperm morphology assessment. Fertil Steril 2013.
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into two groups. The Cohen K value (K ¼ 0.22) revealed a fair
degree of agreement (26) between the two staining methods
(Supplemental Table 1, available online).
DISCUSSION
Accurate sperm morphology evaluation is crucial to the
routine examination of semen because the percentage of
morphologically normal sperm represents an important pre-
dictor of male fertilizing potential (9, 28). The reference
staining method for sperm morphology assessment is the
Papanicolaou technique (14), and it has been used in several
studies as the reference to validate other staining methods
such as Shorr and Diff-Quik.

However, some investigators have proposed another cell-
staining technique, the commercially available Testsimplets
(TS), as a valid alternative for the evaluation of sperm mor-
phology (20, 29) because it provides good visualization of
neck details and cytoplasmic residues (22). Presently, TS is
quite popular among IVF centers (21); its speed and ease of
preparation make it particularly attractive under the time
constraints of assisted reproduction management. In
4

addition, TS is very popular among IVF centers that do not
have separate laboratories for andrology and embryology,
who thus need to avoid the use of chemical reagents and in
particular of volatile compounds that could contaminate the
environment in which embryos are cultured (30).

In Italy, a recent survey within the external quality con-
trol program for seminology performed in the Tuscany region
reported that 22.4% of laboratories assessing semen were us-
ing TS routinely (personal communication by the Quality and
Security Unit, AOUC Careggi, Florence, Italy); the percentage
rises to 71.4% when only IVF centers are included.

In our study, the TS method was compared with DQ stain-
ing, which is the fastest among the WHO-recommended tech-
niques for sperm morphology assessment. After its validation
against the reference method, DQ was introduced for general
use in the 1992 edition of the WHO manual (31). At present,
sperm morphology data obtained from DQ are considered to
be comparable to the results of Papanicolaou staining, so
DQ represents a valid, time-saving, alternative technique
(17, 18).

To compare TS and DQ methods, we first used the Wil-
coxon test and Deming regression analysis. Deming
VOL. - NO. - / - 2013
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regression analysis is very suitable for the comparison of
methods (23). Indeed, it allows measurement error in both
the x and y variables (23), and it is thus more appropriate
than the most popular linear regression analysis (the latter as-
suming that only one variable has measurement errors).
Alongside the Deming regression analysis, we constructed
a Bland-Altman plot to further compare the two methods.
The Bland-Altman plot is a graphical method to compare
two measurements; in addition, it reveals whether there is
a relationship between the differences between the methods
and the magnitude of measurements (24). Finally, we used
the kappa statistic to evaluate the strength of agreement be-
tween the two methods.

Our statistical evaluation revealed that the two methods
for detecting sperm morphology, DQ and TS, yielded very dif-
ferent results. The TS method gave a lower number of normal
forms compared with the results obtained by the DQ tech-
nique (see Table 1, and the Deming regression analysis). Fur-
ther, this difference increased by the percentage of normal
forms (see Fig. 3A). Moreover, TS also provided an overesti-
mation of head defects (see Table 1 and the Deming regression
analysis).

These data indicate that the use of TS instead of a vali-
dated method such as DQ can result in statistically signifi-
cantly differences in morphology evaluations. Accordingly,
the K statistics revealed a fair degree of agreement between
the two staining methods. In addition, this analysis indicated
that the lower reference limit for normal sperm morphology
established by WHO (i.e., 4%) is not ideal for the assessment
of sperm morphology by TS. In particular, using 4% as the
lower reference limit for the morphology assessment by TS
would result in a statistically significant overestimation of
patients with a sperm morphology <5th percentile, with ob-
vious clinical consequences for the workup and treatment
of an infertile couple.

A possible reason for the discrepancy between DQ and TS
could be the different preparation of the slides in the two pro-
cedures. First, TS does not require a smear of the sample. The
lack of this step, together with the smaller available area for
sperm spreading may provoke a poorer distribution and isola-
tion of sperm than in the DQmethod, thus hampering a proper
evaluation of spermdetails (as requested by theWHOmanual).

Further, unlike DQ, TS does not include an air-drying
step, which provokes the loss of most of the cytoplasmic drop-
lets, osmotically sensitive vesicles (32, 33) found in a high
percentage (over 50%) of normal motile sperm (33). These
structures can increase the score of sperm anomalies, as
they may be confused with the ‘‘excess residual cytoplasm’’

(34) often retained by abnormally shaped spermatozoa.
Accordingly, the air-dried Papanicolaou method yields
a smaller number of spermatozoa with cytoplasmic droplets
than those obtained in fixed wet preparations (33), and the
lack of the air-drying step results in an overestimation of
head morphology anomalies in bovine spermatozoa (35).
The importance of the air-drying step for sperm morphology
assessment is also indicated by Katz et al. (36), who used a vid-
eomicrographic system to evaluate sperm size and shape.
They reported that the sperm heads were 30% smaller in
dried-stained samples than in wet preparations, suggesting
VOL. - NO. - / - 2013
that different staining methods may yield different sperm
morphology scores by differently detecting cell size (37).
Finally, without the step of air-drying or fixation, sperm cells
are often still motile, which can be very distracting when as-
sessing morphology.

Additional limitations of the TS procedure are [1] the pale
staining of the spermatozoa, which thus poorly stands out
against the background, the latter even appearing nonhomo-
geneous (19) (see Fig. 1), and [2] the fact that spermatozoa can
lie on their sides and thus may be confused with tapering
forms by inexperienced observers (38).

The finding that TS overestimates the percentage of
abnormal morphology and head defects is consistent with
previous studies. Ragni et al. (22) reported that the TS
technique detects a higher number of sperm anomalies
than Papanicolaou, modified Giemsa, Hemaquick, and
hematoxylin-eosin staining techniques. Accordingly, Henkel
et al. (19) found a significantly lower number of normal sper-
matozoa with TS compared with the Papanicolaou and Shorr
procedures. Overall, the studies to date and ours are consistent
in concluding that the values obtained by TS are not compa-
rable to those obtained by the methods recommended by
WHO (1) for sperm morphology assessment. Such methods
rely on standardized procedures (1) aimed at minimizing the
interlaboratory variability and on external quality control
programs to check compliance with the standardized proce-
dures and with reference values of normalcy (2). This is not
the case with TS, resulting in differences in its execution
and interpretation among different laboratories.

We have demonstrated that the TS and DQ staining
methods yield statistically significantly different results for
sperm morphology, and they should not be considered equiv-
alent procedures. Consequently, the routine application of TS
for the assessment of spermmorphology is not recommended.
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SUPPLEMENTAL FIGURE 1

Distribution of (A) normal sperm morphology and (B) head defects,
percentages obtained by the Diff-Quik and Testsimplets staining
methods.
Natali. Testsimplets for sperm morphology assessment. Fertil Steril 2013.
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SUPPLEMENTAL TABLE 1

Contingency table 23 2 (left part of the table) used for Cohen kappa statistics (right), reporting the number of subject and the frequency for each
category (in parentheses).

Diff-Quik

Total n
(frequency)

Kappa statistic

Sperm morphology
R4% n (frequency)

Sperm morphology
<4% n (frequency)

Cohen's
kappa

Standard
error 95% CI

Level of
agreement

Testsimplets 0.22 0.077 0.07–0.37 Fair
Sperm morphology R4% n (frequency) 69 (0.66) 0 (0) 69 (0.66)
Sperm morphology <4% n (frequency) 29 (0.28) 6 (0.06) 35 (0.34)

Total 98 (0.94) 6 (0.06) 104 (1.0)
Note: The level of agreement was established according to Landis and Koch (26).

Natali. Testsimplets for sperm morphology assessment. Fertil Steril 2013.
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