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Abstract
For sperm analysis, important inter‐laboratory variations have been observed in man‐
ual analyses. In this study, a computer‐aided sperm analysis (CASA) system was as‐
sessed versus manual technique, and specific software modifications were operated
to fit the David's classification already used in the laboratory. Four parameters were
studied (concentration, motility, vitality and morphology), and at least 30 semen sam‐
ples from 30 different patients have been tested. Manual and automated analyses
were compared using a least‐squares regression line analysis, Student's t test, Bland–
Altman plots and Passing–Bablok regressions. Repeatability was also assessed, and
coefficients of variation (CV) were calculated. Both manual and automated meth‐
ods gave similar results for sperm concentration (n = 150), motility (n = 30), vitality
(n = 90) and morphology (n = 90). Repeatability always showed a decrease in the CV
with automated analysis; for example in normal range of sperm values, CV for manual
and CASA analyses were, respectively, 9.0% versus 4.4% for sperm concentration,
5.2% versus 4.1% for motility, 7.3% versus 4.2% for vitality and 11.4% versus 4.1% for
morphology. All parameters were comparable between automated and manual analy‐
sis, and repeatability measures confirm the more reliable values of the SCA compared
to those of manual analysis.
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1 | I NTRO D U C TI O N

ranging from 21% to 80% (reviewed in Brito et al., 2016) for sperm
concentration, one of the least subjective parameters. External

When evaluating couple infertility, sperm analysis remains of par‐

Quality Assessment (EQA) programmes are a means to better evalu‐

amount importance, despite criticisms regarding measurement un‐

ate these variations. For instance, it has been very recently reported

certainties and their relevance when male infertility diagnoses are

among 121 participating laboratories in Belgium, over a 15‐year

based on these examinations alone (De Jonge, 2012). Even if some

period, a median CV of 19.2% for sperm concentration determina‐

may consider that these analyses have no more clinical value today

tion, and in the same period, a median CV of 79.4% for sperm mor‐

than they did 25 or 30 years ago (De Jonge, 2012; Tomlinson, 2016),

phology characterisation (Punjabi et al., 2016). For the French EQA

these analyses are nonetheless carried out daily in all medical labo‐

programme, when the CVs of the various semen parameters are not

ratories, even if prescribers often prefer experienced laboratories

reported, limits of acceptability for normal sperm shape (NS) per‐

(Freour, Delvigne, & Barrière, 2010). Actually, important inter‐lab‐

centage are set between 13.2 and 23.9 (average: 18.5% of NS; 221

oratory variations have been observed and multi‐centric studies

laboratories), or between 8.7 and 18.2 (average: 13.5% of NS; 201

on male subjects, have demonstrated coefficient of variation (CV)

Andrologia. 2019;00:e13417.
https://doi.org/10.1111/and.13417

wileyonlinelibrary.com/journal/and

© 2019 Blackwell Verlag GmbH

|

1 of 14

2 of 14

|

SCHUBERT et al.

laboratories) for, respectively, the two samples sent at the end of

according to David's modified classification (Auger, Jouannet, &

2015 (Biologie Prospective: 2015‐2).

Eustache, 2016), as it has been used effectively for many years

The use of automation is widely spread in medical laboratories,

in our laboratory and by most of the French andrology laborato‐

but it is rarely found when it comes to spermatology. Since 1985,

ries, although WHO 5 classification is most often used in other

computer‐aided sperm analysis (CASA) systems have been released

countries. It was decided to use David's criteria as it was well un‐

on the market but despite their ongoing technical evolutions (Amann

derstood by the clinicians and moreover gave good indications for

& Waberserski, 2014), results have proved rather discordant (Hu,

Assisted Reproductive Technologies in our facility as the whole

Lu, Shao, Huang, & Lü, 2013), even incomparable to those obtained

sperm morphology (head, mid‐piece and flagellum) is taken into

via the manual technique (Vested et al., 2011); also, regarding mor‐

account. After liquefaction (30–45 min) at 35°C, analyses were

phology testing, their software programs were often calibrated

performed by sequences for motility, concentration, vitality and

according to scales different from what was standardly used in

morphology; hence each parameter was analysed one by one and

France. Thus, very different new interpretation standards were to

separated from the others to take great care to have the minimum

be learned by laboratory professionals and prescribers (Mortimer,

time elapsed between manual and automated analyses.

Horst, & Mortimer, 2015). Over the years, these automated systems
were usually geared towards animal health and research, more pre‐
cisely, with a view to obtaining numerous mobility parameters and

2.3 | Concentration

assess various physiological states of sperm. Up until recently, such

A total of 150 sperm samples were tested covering five levels of

systems were rarely used in medical laboratories due to their pro‐

sperm concentrations: <1 Million/ml (M/ml); 1–5; 5–15; 15–80 and

hibitive costs as compared to the services rendered when routinely

>80 M/ml (normality threshold: >15 M/ml).

used. New machines are now available, which are better suited to

For manual analyses, a dilution was always used. Sperm was ho‐

the new certification standards (ISO 15189) with their numerous

mogenised and diluted in a 2% formol‐saline. Dilution factors then

quality control parameters, and to reduce inter‐laboratory and in‐

depended on eye estimations of concentrations under microscopes

tralaboratory variations. In this article, we shall review and assess

(mainly dilutions of 1/20 estimated from 15 to 40 M/ml). Two dilu‐

the Sperm Class Analyser (SCA, Microptic, Spain) versus the manual

tions were performed and read using Thoma cell counting chamber

technique of reference, and more specifically the automated mor‐

(reading of the entire square at 400× magnification). When a 10%

phology testing, technically adapted to David's classification.

deviation was observed between the two readings, a third one was
performed. Results would then correspond to the average of the two
readings which were closest.

2 | M ATE R I A L A N D M E TH O DS

For automated analyses, whole nondiluted homogenised semen
samples (2.5 µl) were read on counting chambers (LEJA 10) and an‐

2.1 | Material

alysed by SCA with phase contrast, at 100× magnification. For con‐

The automated analyses were carried out on a Sperm Class Analyser

centrations >80 M/ml, a dilution was required. Whole sperm was

(SCA) version 5.4.0.0. The system was made of a NIKON® Eclipse

then diluted at ½ or maximum ¼ of seminal fluids.

®

Ci microscope with phase contrast, equipped with a BASLER 1024

Concentrations

were

calculated

on

200

spermatozoa.

digital camera, a PRIOR® OptiScan II motorised stage system, a heat‐

Repeatability was assessed on 1 normal sample and 1 abnormal

ing platform and a SCA image acquisition software (Microptic SL).

sample read 10 times each by the same person for both manual and

A software filter was also used in order to take into account only

automated analyses.

spermatozoa with heads of a certain size and associated mid‐piece.
Thus, isolated heads and cell debris were disregarded. In addition,
for each parameter, a quick visual scanning of the fields taken into
account was also carried out by the operator in order to set aside
inconsistent elements.

2.4 | Motility
Motility was assessed on 30 sperm samples of both normal and
pathological motility (motility threshold ≥ 32% of sperm with pro‐
gressive motility). Manual analysis was performed first (5 min), then

2.2 | Patients

the automated analysis (<5 min); during the manual analysis, the
semen was replaced at 35°C. This short sequence of analysis is un‐

For each parameter, at least 30 semen samples from 30 different

able to bias the motility as this parameter is supposed to be assessed

patients have been tested. Informed consent was obtained for the

within 1 hr (WHO, 2010).

patients included in the study. All procedures performed in this

For manual testing, after homogenisation, 2 × 10 µl were placed

study were in accordance with the ethical standards of Eurofins

between a slide and a coverslip. Motility was assessed on both these

Biomnis and with the 1964 Helsinki declaration and its later

samples at a 400× magnification, and on 2 × 100 spermatozoa.

amendments. Normality thresholds for concentration, motility

When a deviation >10% was observed between the two readings, a

and vitality described here‐below, are those of the WHO (5th edi‐

third semen slide was performed. Results would then correspond to

tion, 2010). For morphology analyses, interpretations were made

the average of the two readings which were closest.

|
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TA B L E 1
in SCA

Measurement intervals for normal sperm assessment

3 of 14

DAPI: excitation filters at 330–380 nm, dichroic mirrors at 400 nm
and barrier filters at 420 nm) at 200× magnification. Red fluorescent

Minimum

Maximum

Head

spermatozoa were dead cells and those in blue were live cells.
Repeatability was assessed on 1 normal sample and 1 abnormal
sample each read 10 times by the same person for manual and au‐

Length (µm)

4.65

6.50

Width (µm)

2.58

4.05

Area (µm2)

8.79

19.09

Ellipticity

1.10

1.79

2.6 | Morphology

Elongation

0.03

0.29

Thin smears were carried out on fresh spermatozoa, and air‐dried

Roughness

0.33

0.98

at room temperature for at least 1 hr. Smears were then fixed and

Regularity

0.69

1.51

stained using Sperm Stain kit (Microptic), and then rinsed under run‐

70.00

ning water. Tests were run on 90 sperm samples, divided into three

Acrosome (%)

28.00

levels of morphology (30 sperm samples per level): <10% of Normal

Mid‐piece
Distance (µm)

0

4.7

Angle (degree)

0

60

35

70

Flagellum
Length (µm)

tomated analyses.

Shape (NS) spermatozoa, 10%–20% of NS spermatozoa and >20%
of NS spermatozoa (normality threshold >23% of NS according to
David's modified classification (Auger et al., 2016).
For manual analyses, sperm morphology analyses were performed
in oil immersion at 1,000× magnification. Two readings of 100 sper‐
matozoa were carried out to determine the percentage of NS and the

For automated analyses, motility was read simultaneously with
concentration on the same sample.
For repeatability assessment, three levels of motility were read
10 times each by the same person and by the automation, and pro‐
gressive motility was selected for this parameter.

distribution of anomalies according to David's modified classification
(Auger et al., 2016). When a 10% deviation was observed on the most
represented population (normal or abnormal shapes), a third reading
was performed. The lowest percentage of NS was issued.
For automated analyses, standardisation was required. Such
standardisation was based on 40 semen samples with at least a 30%

2.5 | Vitality

concentration of NS spermatozoa (Normal > 23%) initially assessed
via manual analysis; among these 40 semen samples, 1,000 normal

Given that sperm concentration may affect vitality assessment and

spermatozoa were tested via SCA at 600× dry magnification and

in particular, on the automated analyses, we took 90 semen samples

their morphological parameters were recorded (data not shown).

divided into three categories according to their concentration: <15;

Through the software filter, the SCA identified spermatozoa of

15–100 and >100 M/ml were tested covering normal and pathologi‐

sizes between 5 and 40 µm2 (from microcephalic to macrocephalic

cal vitality (normality threshold > 58% of live spermatozoa). Manual

spermatozoa) with attached flagella. Parameters identifying normal

analysis was performed first with a dry smear (which stopped the

spermatozoa were thus established, and spermatozoa outside of

reaction within less than 1 min) to be read later; then, the SCA stain‐

these values were considered as abnormal by the SCA and ranked

ing was realised and read immediately.

according to David's criteria to calculate the percentage of NS and

For manual analyses, eosin‐nigrosin staining kit (VitalScreen,

Multiple Anomalies Index (MAI): ratio of total number of anomalies

Fertipro) was used. One eosin drop was added to the 50 µl of whole

on the number of abnormal spermatozoa. Measuring intervals for

spermatozoa. After 30 s, 2 nigrosin drops were added, smear tests

normal shape spermatozoa were reported in Table 1. Head elliptic‐

were then performed and left to dry in open air. Two readings at a

ity is determined by the ratio of length on width; head elongation is

×400 magnification were carried out on 100 spermatozoa: pink

determined by the following ratio (length − width)/(length + width);

stained spermatozoa were dead cells, whereas those left unstained

head roughness is determined using the following ratio: (4 × π × sur‐

(white) were living cells. When a 10% deviation was observed between

face area)/(perimeter)2; and head regularity using the following ratio:

the two readings, then a third one was performed. Results would then

(π × length × width)/(4 × surface area). For the mid‐piece (MP), a

correspond to the average of the two readings which were closest.

maximum space between head and MP of 4.7 µm was considered

For automated analyses, kits of sperm vitality under fluorescence

acceptable.

(Fluovit®, Microptic) were used to obtain high contrast images. About

After automated analyses, captured fields were checked by

10 µl of sperm was mixed with 1 µl of trihydrochloride trihydrate. The

laboratory technicians. In some instances, they have had to de‐

mixture was first incubated for 5 min at 35°C. Then, 1 µl of propidium

lete ‘wrong analyses’ due to debris being picked up by mistake as

iodide was added. A second incubation was carried out away from

spermatozoa. Two readings of 100 spermatozoa were performed.

the light and at room temperature. Once incubation was over, 10 µl

When a deviation >10% was observed on the most represented

of the mixture was placed between slide and coverslip, and reading

population (normal or abnormal shapes), a third reading was

was performed on 200 spermatozoa under fluorescence (Filters for

performed.
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Repeatability was assessed on four semen samples of four dif‐
ferent levels of NS, each read 10 times by the same person both for
manual and for automated analyses.

2.7 | Statistics
Manual and automated methods were compared using a least‐
squares regression line analysis. Firstly, we verified that the studied
population followed a normal distribution by calculating for both
analyses, the asymmetry and the flattening coefficients. Secondly,
the Student's t test was run to make sure that the slope of the
straight line was close to 1 and that the X‐axis origin was close to
0. These t tests results were compared to a theoretical T value
with a 5% risk factor. All calculations to determine the straight‐line
equation and the Student's t test were carried out using the Excel
add‐in programme, Analysis ToolPak (Windows). Repeatability was
assessed by calculating the coefficient of variation (CV) on 10 read‐
ings. Bland–Altman plots and Passing–Bablok regression analyses
were performed using XLSTAT statistical and data analysis solution
version 2019.1.1. (Addinsoft, 2019).

3 | R E S U LT S
3.1 | Concentration
Population distributions were normal for both the manual and the

FIGURE 1
(n = 150)

Sperm concentration. Least‐squares regression line

3.2 | Motility
Population distributions were normal for both manual and auto‐
mated analyses (coefficient of asymmetry/standard error and flat‐

automated analyses (coefficient of asymmetry/standard error and

tening coefficient/standard error of −0.28 and 0.13, respectively,

flattening coefficient/standard error of 0.50 and 1.89, respec‐

for population tested via manual analyses, and of −0.24 and 0.25,

tively, for population tested via manual analyses, and of 0.47 and

respectively, for those tested via automated analyses). For both

1.69, respectively, for those tested via automated analyses; that is,

manual and automated analyses, 30 mobility analyses were assessed

coefficients between tolerance intervals of −2 and +2). According

covering a wide range of values for this parameter from 8% to 69%

to the calculation of the equation of the least‐squares regression

of spermatozoa with progressive motility (normal progressive mo‐

line (Figure 1), the slope and the X‐axis test results showed calcu‐

tility threshold >32%, WHO, 2010). According to the calculation of

lated t values (respectively 4.9 and 2.17 in absolute value) superior

the least‐squares regression line (Figure 5), the slope and the X‐axis

to the theoretical t values (1.96) with a 5% risk factor for both.

test results showed calculated t values (respectively 0.90 and 1.28)

These two analyses thus cannot be considered as similar. The dif‐

inferior to the theoretical t value (2.0) with a 5% risk factor for both.

ferences graph allowed to better grasp the values at stake after

Both methods were indeed comparable. Although one observation

tracking limits were determined: 4 discordant values were ob‐

(3% of the samples) was beyond the bias limit, Bland–Altman analysis

served among the 150 values, outside of these limits (shown as

showed a random pattern and the bias coefficient did not differ with

X on Figure 2): for 1 point, a high dilution (1/40) was carried out

0 [95% CI: −2.500 to 0.182] (Figure 6). The Passing–Bablok regres‐

for manual analysis only and concentrations of 45.1 and 30.8 M/

sion results showed that SCA analysis reached an acceptable agree‐

ml were observed for, respectively, manual and automated tech‐

ment with manual analysis (slope [95% CI]: 0.846 to 1,057; intercept

niques. For all three other points, a 1/20 dilution was required for

[95% CI]: −0.929 to 6.071; Figure 7).

manual analyses only and concentrations were, respectively, for
manual and automated analyses of 36.1 and 23.4; 34.1 and 23.6;
14.9 and 10.3 M/ml. Bland–Altman plots showed a random pattern

3.3 | Vitality

and the bias coefficient did not differ with 0 [95% CI: −1.509 to

Population distributions were normal for both manual and automated

0.900] (Figure 3). However, there 8 was points beyond the bias lim‐

analyses (coefficient of asymmetry/standard error and flattening co‐

its (5% of the samples) which were all superior to 100 M/ml (means

efficient/standard error of −1.06 and 1.90, respectively, for popula‐

101 to 230 M/ml). The Passing–Bablok regression results showed

tion tested via manual analyses, and of −1.00 and 1.78, respectively,

that SCA analysis reached an acceptable agreement with manual

for those tested via automated analyses). A total of 90 vitality analy‐

analysis (slope [95% CI]: 0.959 to 1,000; intercept [95% CI]: −0.016

ses were assessed covering a wide range of values for this param‐

to 0.025; Figure 4).

eter from 23% to 93% of live spermatozoa (normal vitality threshold

|
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F I G U R E 2 Sperm concentration.
Differences graph and tracking limits
determination. For better representation,
the point (441.0 and 450.7) included in
the tracking limits and was removed in the
differences graph. Solid bars with squares
and triangles represent the tracking limits.
●, Values within the tracking limits; X,
Values outside of the tracking limits

Standard deviation for the method of reference
Standard deviation for the tested method
Tracking limits
-(negative) Tracking limits
Control target values

Level 1
0.50
0.86
2.98
-2.98

Level 2
5.30
2.17
17.18
-17.18

10.70

57.40

For better representation, the point (441.0 and 450.7) included in the tracking limits, was
removed in the differences graph. Solid bars with squares and triangles represent the tracking
limits.
: Tracking limits

F I G U R E 3 Sperm concentration.
Bland–Altman plots

•

Values within the tracking limits

X

Values outside of the tracking limits

5 of 14
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F I G U R E 4 Sperm concentration.
Passing–Bablok regression

F I G U R E 5 Sperm motility. Least‐
squares regression line (n = 30)

≥58%, WHO, 2010). According to the calculation of the least‐squares

respectively, for those tested via automated analyses). Ninety

regression line (Figure 8), the slope and the X‐axis test results showed

morphology analyses were assessed covering a wide range of val‐

calculated t values (respectively 0.86 and 1.12) inferior to the the‐

ues for this parameter from 0% to 42% of NS spermatozoa (nor‐

oretical t value (≥1.96). Both methods were indeed comparable.

mal morphology threshold ≥23%, Auger et al., 2016). According

Although two observations (2% of the samples) were beyond the bias

to the calculation of the least‐squares regression line (Figure 11),

limit, Bland–Altman analysis showed a random pattern and the bias

the slope and the X‐axis test results showed calculated t values

coefficient did not differ with 0 [95% CI: −1.137 to 0.115] (Figure 9).

(respectively 0.57 and 1.11) both inferior to the theoretical t value

The Passing–Bablok regression results showed that SCA analysis

(≥1.96). Both methods were indeed comparable. Bland–Altman

reached an acceptable agreement with manual analysis (slope [95%

analysis showed a random pattern and the bias coefficient did

CI]: 0.968 to 1,083; intercept [95% CI]: −5.292 to 3.166; Figure 10).

not differ with 0 [95% CI: −1.550 to 0.127] (Figure 12). However,
seven observations (8% of the samples) were outside the bias

3.4 | Morphology

limits: three had both values under, or both above the normal
threshold and four had values surrounding and near this threshold

Population distributions were normal for both manual and auto‐

(means = 26.0; 27.5; 17.5; 26). The Passing–Bablok regression re‐

mated analyses (coefficient of asymmetry/standard error and flat‐

sults showed that SCA analysis reached an acceptable agreement

tening coefficient/standard error of 0.57 and 0.25, respectively,

with manual analysis (slope [95% CI]: 1.000 to 1,172; intercept

for population tested via manual analyses, and of 0.35 and −0.65,

[95% CI]: −1.559 to 0.000; Figure 13).

|
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7 of 14

F I G U R E 6 Sperm motility. Bland–
Altman plots

F I G U R E 7 Sperm motility. Passing–
Bablok regression

Repeatability results hereafter are shown, respectively, for

(progressive motility 50%). Vitality was assessed on two popula‐

manual and automated analyses. For concentration, CV of, re‐

tions with CV of, respectively, 7.4% and 3.4% for abnormal sperm

spectively, 8.5% and 5.9% were observed for abnormal concen‐

vitality (50%) and of, respectively, 7.3% and 2.4% for normal vi‐

trations (oligozoospermia: 7.3 M/ml), and of, respectively, 9.0%

tality (65%). Lastly, sperm morphology was assessed on four pop‐

and 4.4% and for normal sperm concentrations (36.5 M/ml).

ulations with CV of, respectively, 31.0% and 14.5% for severe

Motility was assessed on 3 populations with CV of, respectively,

teratozoospermia (5% of NS); of, respectively, 16.5% and 6.9% for

14.4% and 7.0% for asthenozoospermic spermatozoa (progres‐

moderate teratozoospermia (15% of NS); of, respectively, 12.1%

sive motility: 15%); and of, respectively, 7.8% and 7.3% for sperm

and 5.0% for sperm morphology close to normal threshold (20%

motility close to normal threshold (progressive motility 30%);

of NS) and of, respectively, 11.4% and 4.1% for normal sperm

and of, respectively, 5.2% and 4.1% for normal sperm motility

morphology (30% of NS).

8 of 14
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F I G U R E 8 Sperm vitality. Least‐
squares regression line (n = 90)

F I G U R E 9 Sperm vitality. Bland–
Altman plots

Finally, as an example of the variations obtained among the

normal or pathological status for each parameter, and also to tally

samples with both techniques studied, the data from 12 patients

the great heterogeneity between semen samples from a single pa‐

are provided in Table 2. Small changes were observed between

tient, a difficulty inherent to sperm analysis. For sperm concentra‐

the analyses and their conclusions were the same whatever the

tion, the Student's t test used did not allow for comparison of the

technique used.

manual and automated techniques, as opposed to motility, vitality
and morphology parameters. This statistical test is very sensitive

4 | D I S CU S S I O N

and the four discordant values among the 150 samples which were
tested, were all situated in the lower part of the differences graph.
The additional systematic dilution required when using the manual

In this comparative study between manual (gold standard) and

technique necessarily induced a technical bias, whereas on the SCA

automated sperm analyses on the main parameters, results were

system it was nondiluted whole spermatozoa which was tested. The

very similar between the two techniques. This comparative study

volume of diluent being relatively greater than that of spermatozoa,

was carried out on a large number of patients to cover all possible

even a slight pipetting error would modify results significantly, as

SCHUBERT et al.

|

9 of 14

F I G U R E 1 0 Sperm vitality. Passing–
Bablok regression

F I G U R E 1 1 Sperm morphology
(David's classification modified by Auger
et al.,2016). Least‐squares regression line
(n = 90)

per recently reminded by Brito et al. (2016). For all 4 discordant

two methods appeared acceptable, although eight values were

points, dilutions of 1/40 or 1/20 were used for manual analyses.

outside the bias limits for the Bland–Altman plots. These values

Concentrations were all found to be superior to those of the au‐

were not a matter of concern as they were all clearly considered

tomated technique, and the greater the dilution, the greater the

as normal with both techniques (101 to 230 M/ml; normal thresh‐

concentration. All these elements confirmed the bias effect of dilu‐

old >15 M/ml). Overall, except for these values, we also came to

tion. However, for each case, analysis conclusions were the same

the conclusion that for sperm concentration determination, manual

regardless of the technique used: normal sperm concentration

and automated analyses were comparable. Moreover, this was true

for the first 3 points, and oligozoospermia for the last one. There

for a wide range of concentrations, here estimated between 0.1

was neither interpretation error, nor any clinical consequences for

and 440 M/ml. This span was considerably widened as compared

each of these 4 points on either analysis. Bland–Altman plots and

to the works of Johnson (Johnson et al., Part II, 1996) in which it

Passing–Bablok regression confirmed that the comparison of these

had been restricted to concentrations between 20 and 149 M/ml

10 of 14
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F I G U R E 1 2 Sperm morphology
(David's classification modified by Auger
et al., 2016). Bland–Altman plots

F I G U R E 1 3 Sperm morphology
(David's classification modified by Auger
et al., 2016). Passing–Bablok regression

on another automated system. Additional recent developments

Regarding concentration determination, the comparison be‐

were taken into account in our comparative study; for instance, a

tween manual and automated analyses via other CASA systems have

software filter was used allowing identification of cellular debris

sometimes shown significant variations in the past. Each time, these

from spermatozoa of equal sizes. Thus, as opposed to what was

variations proved to be due to technical errors such as inadequate

found in Dearing, Kilburn, and Lindsay (2014) in which a SCA was

inclusion of cellular debris, unsuitable use of dilutions, nonapproved

also used, isolated heads and cellular debris were discarded thanks

analytical chambers (reviewed by Brito et al., 2016). These error

to the combined actions of the software filter and a brief visual

factors were under control in our study, as we took single‐use cali‐

inspection of the fields involved.

brated chambers and doubled checked the tested population thanks

|
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TA B L E 2

Examples of manual and automated (SCA) sperm analyses from 12 patients

Analysis
1
2
3
4

6
7
8
9
10
11
12

Concentration (M/ml)

Concl.

Progressive
motility (%)

Concl.

Vitality (%)

Concl.

Morphol. (% NS)

Concl.

Manual

8.4

Ab

8.0

Ab

22.5

Ab

6

Ab

SCA

8.0

Ab

10.1

Ab

25.6

Ab

7

Ab

Manual

5.4

Ab

23.0

Ab

64.3

N

5

Ab

SCA

4.6

Ab

23.7

Ab

67.0

N

6

Ab

Manual

11.6

Ab

25.0

Ab

54.0

Ab

16

Ab

SCA

11.9

Ab

25.9

Ab

54.1

Ab

13

Ab

Manual

12.1

Ab

23.0

Ab

73.5

N

3

Ab

9.9

Ab

27.3

Ab

72.4

N

4

Ab

SCA
5
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Manual

21.8

N

51.0

N

47.8

N

32

N

SCA

20.6

N

47.9

N

48.2

N

27

N

Manual

50.0

N

46.0

N

83.5

N

25

N

SCA

50.8

N

44.5

N

83.5

N

24

N

Manual

47.5

N

45.0

N

85.8

N

12

Ab

SCA

49.6

N

44.0

N

86.6

N

11

Ab

Manual

23.0

N

66.0

N

71.5

N

26

N

SCA

19.1

N

69.0

N

69.7

N

25

N

Manual

139.0

N

41.0

N

86.0

N

7

Ab

SCA

143.8

N

44.7

N

88.7

N

8

Ab

Manual

122.0

N

55.0

N

69.3

N

12

Ab

SCA

125.8

N

52.4

N

72.6

N

12

Ab

Manual

89.5

N

43.0

N

78.3

N

11

Ab

SCA

82.7

N

49.9

N

77.6

N

14

Ab

Manual

201.5

N

45.0

N

75.0

N

16

Ab

SCA

207.0

N

48.7

N

73.7

N

18

Ab

to the combined actions of the software filter and visual inspections.

and for progressive motility assessment (r = .85; p < .0001). Authors

Another study reported noncomparable concentration and motility

nonetheless reported a disagreement regarding concentration in‐

results when using a CASA CRISMAS system (Vested et al., 2011).

terpretation (normal or oligozoospermic) for 5 out of the 287 tested

Again, the cellular debris issue was raised along with a software fault

semen samples (2%). In our study, we used an off the shelf CASA sys‐

as comparable results had been found between manual and auto‐

tem, and no discordance was observed in result interpretation even if

mated analyses on a previous version of the said software (Larsen et

four discordant points were reported out of 150 semen samples (3%).

al., 2000). On the contrary, a study carried out on an earlier version of

In the same way, sperm motility and sperm viability results appeared

the SCA than the one we have used, showed a highly consistent coef‐

very comparable with both techniques as measured by least square

ficient of determination (r2 = .95; 250 samples) between manual and

regressions, Bland–Altman plots and Passing–Bablok regressions.

automated analyses for concentration determination (Dearing et al.,

As for morphology testing, very few comparative studies be‐

2014). Another study using an undetermined type of CASA system

tween manual and automated analyses are available. Significant

also found a high correlation coefficient for concentration and motil‐

statistical differences were reported only on normal values and ac‐

ity (respectively r = .84 and .62; Kose, Karakoc Sokmensuer, Demir,

cording to the WHO classification (2010): 7% versus 5% and 7% ver‐

Bozdag, & Gunalp, 2014). This correlation was even stronger with

sus 10.6%, respectively, for CASA CEROS and SQA‐V Gold (p < .05).

two other CASA systems (SQA‐V Gold, Electronic Medical Systems

Given the very high levels of specificity (>83%) and the negative pre‐

and CASA CEROS, Hamilton) when tested versus manual analyses.

dictive value (>92%) reported for each automated system as com‐

All correlation coefficients were superior to 0.94 for both concentra‐

pared to manual analyses, values obtained via automated systems

tion and motility determination (Lammers, Splingart, Barrière, Jean,

were considered clinically satisfying in order to estimate normal

& Fréour, 2014). When using a CASA prototype with a customised

morphology (Lammers et al., 2014). In our study, except for minor

software including a path tracking algorithm (Tomlinson et al., 2010),

points near the normal threshold, both methods of analysis appeared

Tomlinson reported a high rate of convergence, strongly significant

comparable for sperm morphology as measured by least square re‐

for concentration determination (R2 = .94; p < .001 on 287 samples)

gression, Bland–Altman plots and Passing–Bablok regression.
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CASA systems are primarily meant to limit subjectivity (Amann &

considerable today and French or foreign EQA programmes are the

Waberserski, 2014; Yániz, Soler, & Santolaria, 2015) and for each of

very expression of this trend: in 2008, the American Association of

the parameters we tested, repeatability CV was indeed significantly

Bioanalysts (AAB) reported satisfying values around mean values

reduced with automated analyses. Few elements of comparison are

of CV ± 3, from 0% to 28% for one tested sample with the same

available in literature regarding repeatability assessment. However,

coloration and interpretation methods according to strict criteria

when it comes to human sperm concentrations, repeatability CV was

(threshold at 4%) and from 5% to 70% with the WHO criteria from

reported in manual analyses, ranging from 8.5% to 17.9% (10 sam‐

1992 (threshold at 30%; reported by Brazil, 2010). The College of

ples read 5 times each; Bailey et al., 2007) or from 7.4% to 10.6%

American Pathology (CAP), another EQA supplier, noted ‘high CV’

(each sample read 4 times; Tomlinson et al., 2010) depending on the

in sperm morphology results without going as far as to giving fig‐

cell types included for cell counting (Auger et al., 2000). The latter

ures (www.cap.org, 2016 report); it must be pointed out that the

also reported a mean intra‐individual CV of 15.8% for 12 partici‐

use of ocular micrometers was required when referring to strict

pants (5 frozen samples read 3 times each). These values are really

criteria, when an internal enquiry revealed that less than 25% of

close to those we found. For automated analyses in Tomlinson et al.

the participating laboratories did use them (535 participants in

(2010), repeatability CV was reduced (1.0%–5.0% for 5 samples of

2016 with 54% of them referring to strict criteria). Therefore, oth‐

immobilised sperm, tested 10 times). These last values are slightly

ers requested that the use of micrometers shall be documented

inferior to those observed in our study (4.4%–5.9%), most certainly

when this classification was used (Carrell & De Jonge, 2016). Such

due to sperm immobilisation. Actually, with motile spermatozoa, a

deviations were similarly reported in the French EQA programme

slight imprecision has been reported then (Brito et al., 2016). In our

(Biologie Prospective) with a majority of laboratories using David's

study, we chose to carry out experiments as close to real conditions

method of classification (77% of the 320 participating laboratories

of use of the SCA as possible, in a real andrology laboratory with

in 2015), and in keeping with the 3rd edition of the WHO manual

fresh whole spermatozoa with motile spermatozoa.

(threshold 30%).

For total motility assessment in manual analyses, mean intra‐in‐

In our laboratory, we use David's method of classification (David,

dividual CV (on 12 participants read 3 times each sample) and mean

Bisson, Czyglick, Jouannet, & Gernigon, 1975) as per modified by

inter‐individual CV (17 samples tested among 12 participants) of, re‐

Auger et al. (2016), the only method that does take into account

spectively, 26.2% and 21.8% were reported in Auger et al. (2000).

spermatozoon in its entirety: head + mid‐piece + flagellum. With this

In our study, intra‐individual CV for progressive motility was lower

method, the threshold of normal shape spermatozoa is set at 23%.

(14.4% and 5.2% depending on sample characteristics) using manual

This new threshold was the one we used in our study for both man‐

analyses and even lower using automated analyses (between 7.0%

ual and automated analyses. In our study, repeatability CV covered

and 4.1%).

a wide range of values in manual analyses and was more limited in

For vitality assessment in manual analyses, mean intra‐ and inter‐

automated analyses (respectively from 11% to 31% and from 4% to

individual CV were, respectively, of 13.1% and 17.5% in the study

14%). The use of automated systems with precise and systematic as‐

of Auger et al. (2000). In our repeatability assessment, CV were

sessment of spermatozoa is perfectly indicated especially to restrict

lower, around 7% for manual analyses and around 3% for automated

such extreme variations (Auger et al., 2016; Bellastella et al., 2010;

analyses.

Cooper, 2016; Yániz et al., 2015).

Morphology is a parameter subjected to strong inter‐laboratory
variations, so much so that some consider it to be one of the most
subjective parameters in sperm testing (Punjabi et al., 2016) and
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moreover some question its relevance (Gatimel, Moreau, Parinaud,
& Léandri, 2017). Authors revealed that classification changes and

For andrology laboratories, CASA systems, despite their elevated

standard modifications inside the successive editions of the WHO

costs, are a means to strengthen results especially when dealing

classification all played a part in keeping this parameter in blurred

with analyses with wide ranges of normal values. The least CV was

territory. In fact, the first edition of the WHO manual (1980) con‐

always obtained with the SCA whatever the parameter analysed in

sidered a normal percentage of normal shapes beyond 80%. For

normal and abnormal ranges. It is nevertheless paramount that labo‐

the second edition (1987) and the third one (1992), percentages

ratory technicians be trained in sperm analyses. The implementation

were, respectively, of 50% and 30%. The fourth edition (1999)

of CASA systems must be supported by training which should be

recommended the Tygerberg strict criteria which are restricted to

quite rapid for experimental sperm testing laboratory technicians.

sperm heads. This parameter was then considered normal above

Human expertise is always crucial, more specifically for the param‐

14% of normal shapes. In 2010, the fifth edition, while keeping the

eters with very low values where automated systems are most likely

same procedure and the same classification, once more changed

pushed to their limits. Unlike commonly stated, CASA systems are

the standard and considered as normal, sperm morphology above

no simple ‘black boxes’, issuing cold, bare results outside any human

4% of normal shapes (Menkveld, 2010)! Thus, standard values have

intervention (Dearing et al., 2014) but rather they are valuable assets

changed considerably over 30 years, and trust in this parameter

providing faster and more precise results for the main parameters in

was necessarily undermined. Inter‐laboratory variations are still

routine sperm analyses.
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