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Semen analysis standardization: is there any problem in
Polish laboratories?

Renata Walczak-Jedrzejowska1,*, Katarzyna Marchlewska2,*, Elzbieta Oszukowska1, Eliza Filipiak2,
Leszek Bergier3 and Jolanta Slowikowska-Hilczer2

The aim of the study was to determine the degree of compliance of Polish laboratories with World Health Organization (WHO)

recommendations, with regard to semen analysis methodology. A survey requesting information about methods of semen analysis was

distributed to employees of 55 laboratories. Respondents who had participated in external seminological workshops (31%) were

termed certified respondents (CR), the remaining (69%)—non-certified respondents (NCR). Only one laboratory (6%) in the CR group

and none in the NCR were compliant with WHO guidelines for methods and equipment used to evaluate seminal volume, sperm

motility, concentration, vitality and morphology. Most problems were of volume measurement (weighing method was reported by 17%

of CR and 10% of NCR) and staining method for sperm morphology (Papanicolau or Diff–Quik were found in 33% of CR and 23% of

NCR). A three- or four-point grading of sperm motility was used by the majority of respondents; however, 17% of CR and 37% of NCR

did not use a laboratory counter to tally spermatozoa. Although a haemocytometer method was used by 80% of laboratories in each

group, the improved Neubauer chamber was used only by 42% of CR and 19% of NCR. In each group, 24% of laboratories did not

perform a vitality test. Procedural errors and the interchangeable utilization of two or even three methods to analyse a given parameter

was observed in both groups. The results indicate a need for standardisation of the methods and continuous, unified training in semen

analysis in Polish laboratories.
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INTRODUCTION

On the basis of current world population estimates, one global prob-

lem affecting more than 70 million people worldwide is infertility.1

According to data provided by four Polish centres for reproduction,

the proportion of infertile couples in which the male is responsible

may even be as high as 55%.2 Reduced semen quality is commonly

claimed to be one of the main signs of male infertility3–5 and thus,

analysis of semen is recommended as the cornerstone of a male fertility

investigation.6,7 Semen analysis provides crucial information on the

functional status of the seminiferous tubules (sperm production),

epididymis, prostate and seminal vesicles (sperm motility and via-

bility) and the patency of the male genital tract, on which clinicians

base their initial diagnosis. However, to control possible sources of

physiological and methodological variation, and to generate reliable

information on semen quality that can be accurately compared across

different laboratories, semen analysis should be performed according

to generally accepted, international recommendations and standar-

dized procedures.8–11

The World Health Organization (WHO) laboratory manual is

recognized worldwide as the gold standard for human semen exa-

mination. It provides clear guidelines for this analysis and for the

reduction of laboratory errors. The manual was first published in

1980. Since then, it has been regularly revised and updated, and the

most recent fifth edition appeared in 2010.12 Although the WHO

manuals have been available for more than 30 years, there are still

reports revealing a lack of standardization of the methods used in

andrology laboratories and wide variation in the results obtained

among laboratory technicians in many countries.8,10,13–16

The selection and implementation of methods for semen analysis

which are accepted, standardized and validated worldwide should be

the basis of good practice in every seminological laboratory. With this

aim in mind, the present is a survey of employees of laboratories

offering semen analysis in Poland, to ascertain their compliance with

WHO recommendations and to determine the variation in the meth-

ods used.

MATERIALS AND METHODS

Design of the study

An anonymous survey was conducted among 55 employees of 55

laboratories in Poland with experience in semen analysis. The respon-

dents were participants of one of 10 editions of a 3-day laboratory

workshop on methods in semen analysis according to the latest, fifth
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edition of the WHO manual.12 All editions of the workshop were held

in Polish and were organized in Cracow by the Modern Diagnostic

Foundation (Cracow, Poland) in collaboration with the Department

of Andrology and Reproductive Endocrinology of Medical University

of Lodz (Lodz, Poland), which was the Clinical Training Centre of the

European Academy of Andrology, from October 2011 until June 2012.

The questionnaire was designed to obtain information concerning

the education level and work experience of respondents, as well as their

past participation in workshops on semen analysis and methods and

equipment used to analyse the key parameters of the samples in their

laboratory. On the basis of the results from a total of 55 respondents, a

certified respondents group (CR) was formed from the 17 (31%) who

reported participation in external, certified workshops on semen ana-

lysis and a non-certified respondents group (NCR) was formed from

the remaining 38 respondents (69%) who reported having received

internal instruction by a senior colleague, or who were self-taught in

the methodology of semen analysis.

Compliance with the current WHO recommendations

The answers for five main parameters, i.e., semen volume measure-

ment and sperm motility, concentration, vitality and morphology,

were further analysed as to whether they were compliant with WHO

recommendations. The survey was conducted almost 2 years after the

online appearance of the fifth edition of the manual in February 2010,

(http://whqlibdoc.who.int/publications/2010/9789241547789_eng.pdf).

Additionally, on the initiative of the Commission for the Medical-

Diagnostic Consensus of the Polish Society of Andrology, and repre-

sentatives of the Polish Society of Laboratory Diagnostics, the WHO

recommendations for semen analysis from this edition were published

in Polish in the Journal of Laboratory Diagnostics in the same year.17

Every issue of the journal is sent to all diagnostic laboratories through-

out Poland. As the last two editions of the WHO manuals were very

similar with regard to the basic guidelines for the use of the equipment

and the methods in semen analysis that are the focus of this study, it was

decided to address the compliance of the laboratories with the recom-

mendations presented in both editions.12,18

The volume measurement was considered as compliant when it was

estimated by the weighing method. The sperm motility was compliant

when respondents reported: (i) counting spermatozoa with the help of

laboratory counter or computer-assisted semen analysis (CASA) sys-

tem and (ii) using a three- or four-point grading scale to distinguish

the type of motility. The sperm concentration calculation was consi-

dered as compliant when the haemocytometer method was used, with

the improved Neubauer or other 100-mm-deep chamber (Bürker,

Thoma) and the dilution of the semen sample assured spermatozoa

immobilisation. When no answer was given on the semen dilution

procedure or the type of diluent, the method was recognized as not

compliant. The vitality test was compliant when eosin, eosin-nigrosin

or hypo-osmotic tests were reported. Sperm morphology was consi-

dered compliant when the smears were stained by the Papanicolau,

Diff–Quik or Shorr dyes. When sperm vitality or morphology was

not analysed at all in any sample, the procedure was rated as not

compliant.

RESULTS

General information about respondents

Within the CR, 6% had a doctorate (PhD) and another 6% were

laboratory technicians with a Bachelor’s degree in diagnostics. The

remaining respondents (88%) reported a postgraduate university

education (Masters) with diagnostic qualifications. Similarly, within

the NCR, the majority of the respondents (87%) reported having

completed a postgraduate degree (Masters) with diagnostic qualifica-

tions, while the remainder (13%) reported having a Bachelor’s degree.

Within the CR group, 28% reported less than 1 year’s work experi-

ence in semen analysis, 24% had been working from 1 to 5 years,

another 24% from 5 to 10 years and another 24% more than 10 years.

Within the NCR group, 16% had been performing semen analysis for

less than 1 year, 34% from 1 to 5 years, 11% from 5 to 10 years and 39%

more than 10 years.

Semen volume measurements

The proportion of different methods for semen volume measurements

reported by respondents is presented in Table 1. The most popular

method of volume measurement was decanting into a graduated test

tube, which was reported by more than 50% of respondents in both

groups. Additionally, one CR and two NCR reported using inter-

changeably two methods of volume measurement. The CR used

weighing and graduated test tube, while NCRs used disposable

Pasteur pipette interchangeably with graduated test tube or syringe.

Sperm motility assessment and grading

The majority of respondents in both groups reported using laboratory

counters to assess sperm motility. Nevertheless, in both groups, some

respondents performed it without help of any such equipment

(Table 2). Again, one member of the CR group and five of the NCR

group reported two methods of assessing sperm motility. Of the latter,

while two cases reported using a CASA system, three respondents

reported performing the test without the help of any equipment. In

the remaining cases (one CR and one NCR) motility assessment was

performed interchangeably with or without laboratory counters.

Surprisingly, 12% of CR and 13% of NCR did not specify the method

of sperm motility grading. While the majority of both groups graded

sperm motility to four grades (rapid progressive, slow progressive,

non-progressive, immotile), up to 16% of NCR reported grading

sperm motility into only two grades (progressive and abnormal)

(Table 2).

Types of counting chamber and diluents used for estimating sperm

concentration

The most popular method used by both groups was a manual, hae-

mocytometric method (84% of CR and 81% of NCR). The recom-

mended improved Neubauer haemocytometer was more commonly

used by the CR group, while the Bürker more commonly by the NCR

group (Table 3). Two of the NCR respondents reported using inter-

changeably two types of haemocytometer: a Bürker or Thoma, and

Bürker or improved Neubauer. The remaining respondents reported

using a CASA system with no chamber at all (4% of NCR) or with Leya

Table 1 Methods of semen volume measurements reported by the

certified and non-certified respondents

Volume measurements CR

N (%)

NCR

N (%)

Weighing 3 (17) 4 (10)

Decanting into tube 10 (56) 24 (60)

Aspiration into Pasteur pipette 5 (28) 10 (25)

Aspiration into syringe 0 2 (5)

Totala 18 40

Abbreviations: CR, certified respondent; NCR, non-certified respondent.

N, number of respondents.
a Two methods were reported by one CR and two NCR.
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or Makler chambers (15% of CR and 14% of NCR) (Table 3). Of them,

one CR and three NCR also used haemocytometers. The CR used a

Thoma, two NCR used an improved Neubauer or a Bürker.

Surprisingly, of those who used 100-mm-deep haemocytometers, 8

out of 15 CR (53%) and 22 out of 36 NCR (61%) reported not making

dilutions of the semen sample before loading the chamber, or diluted

the semen sample with diluents not assuring spermatozoa immo-

bilization (e.g., NaCl, distilled water, eosin solution, phosphate-

buffered saline with fuchsin), or did not answer these questions.

One CR, who reported using a Makler chamber without a CASA

system used high temperature to immobilize spermatozoa.

Sperm vitality analysis

The vitality test with eosin alone was the most popular procedure for

assessing sperm vitality among respondents from both groups (76% of

CR and 68% of NCR). The use of eosin-nigrosin was reported by only

5% of NCR. One respondent in this group (3%) reported performing

an analysis of sperm vitality from only a wet preparation, without any

staining. None of the respondents in either group reported the use of

the hypo-osmotic swelling test. However, almost one fourth of

respondents in each group did not analyse this parameter at all

(24% of CR and 24% of NCR).

Staining methods for sperm morphology evaluation

Only 33% of CR and 23% of NCR reported using methods recom-

mended by the two most recent editions of the WHO manual

(Table 4).12,18 Surprisingly, 11% of CR and 7% of NCR reported using

only the wet preparation, without any staining, for sperm morphology

evaluation, 4% of NCR reported using eosin staining and 7% of the

NCR members did not analyse this parameter at all. The remaining

respondents used primarily the Giemsa–Wright method (Table 4).

One CR respondent and three of the NCR group reported using two

types of staining, and one NCR group member even noted using three

types. The CR reported using Giemsa–Wright or Diff–Quik staining.

Two of the three NCR reported using either the Papanicolau or

Giemsa–Wright methods, while the third one used Diff–Quik and

SpermacStain. The last respondent, who reported three methods, used

Giemsa–Wright or eosin staining under 31000 magnification in the

light microscope or no staining at all.

Compliance with WHO manual recommendations

Only one of the CR group performed all five parameters in compliance

with the WHO recommendations. For the NCR, at least one para-

meter was performed with methods incompatible with the WHO

recommendations and, in 8% of them, the lack of compliance

extended to all five parameters (Table 5). In both groups, the most

prevalent inconsistency was in volume measurement and the staining

for sperm morphology. The inconsistency in sperm motility was much

higher within the NCR group (50% vs. 6% of CR) (Table 5).

DISCUSSION

The principle of good practice in laboratories is the implementation of

standardized, validated methods and equipment for the evaluation of

the defined parameters. In consequence, it assures a proper basis for

achieving an accurate, reliable and controlled service in the laboratory

and its accreditation.10,13,19 For more than 30 years, the WHO has

attempted to improve the quality of semen analysis by publishing

manuals providing a detailed description of standardized methods

and procedures for the evaluation of semen analysis.12,18,20

Unfortunately, adherence to these guidelines is sometimes selective

Table 2 Methods of sperm motility assessment and grading reported

by the certified and non-certified respondents

CR

N (%)

NCR

N (%)

Sperm motility assessment

Laboratory counter 13 (72) 19 (44)

Without the laboratory counter 3 (17) 16 (37)

CASA system 2 (11) 8 (19)

Totala 18 43

Sperm motility grading

4 types

(rapid progressive, slow progressive, non-

progressive, immotile)

11 (65) 15 (40)

3 types

(progressive, non-progressive, immotile)

4 (24) 12 (32)

2 types

(progressive, abnormal)

0 6 (16)

not specified 2 (12) 5 (13)

Total 17 38

Abbreviations: CASA, computer-assisted semen analysis; CR, certified respondent;

NCR, non-certified respondent;
a Two methods were reported by one CR and five NCR.

Table 3 Types of counting chambers used for sperm concentration

analysis reported by the certified and non-certified respondents

CR

N (%)

NCR

N (%)

Counting chambers without CASA system

Improved Neubauer haematocytometer 8 (42) 9 (19)

Bürker haematocytometer 4 (21) 21 (48)

Thoma haematocytometer 3 (16) 6 (14)

Makler 1 (5) 0

Counting chambers with CASA system

Leya 2 (10) 3 (7)

Makler 1 (5) 3 (7)

none 0 2 (4)

Totala 19 44

Abbreviations: CASA, computer-assisted semen analysis; CR, certified respondent;
a Two types of counting chamber were reported by two CR and six NCR.

Table 4 Staining methods for sperm morphology assessment

reported by the certified and non-certified respondents

Staining methods CR

N (%)

NCR

N (%)

Papanicolau 2 (11) 4 (9)

Diff–Quik 4 (22) 6 (14)

Other 10 (56) 27 (63)

No staining method 2 (11) 3 (7)

Parameter not analysed 0 3 (7)

Totala 18 43

Other staining methods used

Giemsa–Wright 8 (80) 19 (70)

Spermac Stain 0 ) 2 (7)

Test Simplets 2 (20) 2 (7)

Eosin 0 1 (4)

Not specified 0 3 (11)

Abbreviations: CR, certified respondent; NCR, non-certified respondent;
a Two types of staining method were reported by one CR and three NCR and three

types by one NCR.
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and laboratories adopt not all the recommended methods for their

seminological service, which may result in difficulties in interpreting

and comparing the results of semen analysis.10,21–23

To our knowledge, our study is the first to analyse the existing

variations in the methods used in seminological laboratories in

Poland and Central Europe. It must be noted that all the respondents

participating in our survey demonstrated an intention to improve

their laboratory skills if they attended the workshop the theme of

which concerned the implementation of the new recommendations

for semen analysis published in the fifth edition of the WHO man-

ual.12 It may only be speculated that many other laboratories operate

but do not show such a desire. As such, the analysis of the methods

used in the laboratories evaluated in the present study may be regarded

as an overly optimistic picture of the seminological service in Poland.

Although a better selection of methods compliant with the WHO

recommendations12,18 was expected in laboratories from which tech-

nicians reported participation in external, certified workshops for

procedures of semen analysis, surprisingly little difference in the selec-

tion of the methods used for semen analysis was observed between the

CR and NCR groups. In both groups, some examples of gross meth-

odological inadequacy were observed in the analysis of a given para-

meter, suggesting that a poor service is offered in some laboratories,

which must result in unreliable data. Procedural errors, such as the

analysis of sperm morphology from a wet preparation or eosin stain-

ing, the estimation of sperm concentration in a haematocytometer but

without making semen dilutions or without immobilization of sper-

matozoa, not using laboratory counters for sperm motility assessment

or distinguishing only two types of sperm movement were reported. It

is also difficult to explain the phenomenon of interchangeably using

two, or even three methods that might not be compatible with each

other, for the evaluation of a given parameter. A possible explanation

is the personal preference of a laboratory technician, which should

not be acceptable in any diagnostic centre.13 This methodological

inadequacy, as well as the use of multiple methods for the evaluation

of a single parameter, may result from the lack of top-down directives

from the supervisory authorities or a lack of internal and external

quality control in laboratories.14,19,24

It is alarming that of the 55 respondents representing different

laboratories in Poland, only in one case were the methods used to

evaluate the principal semen parameters compliant with the guidelines

presented in both of the last editions of the WHO manual.

It is surprising that semen volume measurement and the selection of

staining methods for evaluation of sperm morphology seem to be the

most problematic procedures among the respondents, regardless of

whether or not they were certified in semen analysis techniques. The

lack of compliance with the recommended WHO methods in both

groups reached more than 80% for volume measurement and more

than 70% for the staining methods for sperm morphology evaluation.

There are many reports clearly indicating that methods of volume

measurement utilizing aspiration or decanting the semen sample into

scaled pipettes, syringes, tubes or cylinders result in the underestima-

tion of results to an extent of between 0.3 and 0.9 ml.25–28 However,

both methods, decanting into a graduated cylinder, and aspiration

into a wide-mouthed pipette, were only described in an outdated

WHO manual from 1992.20 Hence, the use of those methods by such

a large group of our respondents suggests that in many laboratories the

semen analysis procedure has been passed on through the years with-

out any effort to modernize it, or with only some modernization of

selected parts. Precise volume measurement is essential because it

allows the calculation of the total number of spermatozoa and non-

sperm cells. The total number of living spermatozoa with progressive

motility or normal morphology in the whole ejaculate is of biological

significance and may have clinical implications. The choice of the

‘decanting’ or ‘aspirating’ method cannot be explained on the basis

of simplicity or increased safety when compared with the use of weigh-

ing, or by the cost of additional equipment. A simple laboratory ba-

lance is unlikely to outstrip the financial means of the laboratory. One

explanation could be that there are still laboratories where the sample

is collected by patient into a container not provided by the laboratory,

and thus not pre-weighed. This situation may be connected with poor

quality assurance in the laboratory.24

Sperm morphology assessment, when performed according to well-

defined procedures, gives data of high predictive value for male ferti-

lity potential.29 However, in our study, 7% of the NCR respondents

did not analyse this parameter at all. For years, sperm morphology has

been recognized as probably the most confusing and subjective area of

semen analysis.10,30–32 It is important to implement the recom-

mended, generally-accepted staining methods for semen smear evalu-

ation to minimize the possible analytical errors at this level. Although

there are many staining methods for the evaluation of cell morpho-

logy, not all are suited to spermatozoa. The morphological character-

istics of the spermatozoa stained by them have not been appropriately

described and validated, and the obtained results may give statistically

significant deviations from recommended methods.33 Although for

years, the WHO has recommended the Papanicolau staining as the

one that best provides good clarity for smear viewing and colour

differentiation between the regions of spermatozoa,12,18,34 it was used

only by about 10% of respondents in each group, probably because the

method is time consuming. In the last two editions of the WHO

manual,12,18 the Diff–Quik, simpler staining method,35 is presented

as the alternative to Papanicolau staining; however, this method again

did not predominate in either group of respondents. The most pre-

valent staining method turned out to be the Giemsa–Wright method, a

staining method dedicated to the differentiation of blood cells.

However, with this approach, seminal plasma stains vivid purple,

giving a background that obscures much of the fine detail of sperm

morphology.34,36 The popularity of this staining procedure might

result from its availability in each diagnostic laboratory performing

blood tests, leading to its consequent adoption for sperm staining,

Table 5 Lack of compliance with WHO recommendations in the

parameters reported by the certified and non-certified respondents

CR

N (%)

NCR

N (%)

Number of non-compliant parameters

0 parameter 1 (6) 0

1 parameter 4 (24) 4 (10)

2 parameters 5 (29) 14 (37)

3 parameters 4 (24) 12 (32)

4 parameters 3 (18) 5 (13)

all parameters 0 3 (8)

Total 17 38

Type of non-compliant parameter

Volume measurement 14 (82) 34 (89)

Sperm motility 1 (6) 19 (50)

Sperm concentration 8 (41) 22 (58)

Sperm vitality 4 (24) 10 (26)

Sperm morphology 12 (71) 29 (76)

Abbreviations: CR, certified respondent; NCR, non-certified respondent.

N, number of respondents.
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especially since it was recommended in the outdated WHO manual

from 1992.20 Unfortunately, this observation confirms that for years

most of the laboratories surveyed have not updated their seminologi-

cal service. Probably also for this reason, some respondents reported

using no staining method for sperm morphology evaluation, utilizing

only a wet preparation for this purpose, a method regarded as accept-

able in the above-mentioned outdated manual, but not in the most

recent editions.37,38 It is also difficult to explain why, in the same

laboratory, recommended methods (Papanicolau or Diff–Quik) were

used interchangeably with ones which were not recommended (e.g.

Giemsa–Wright staining). Could this choice be connected with the

personal preference of the laboratory technician, the characteristics of

the semen sample, or with the number of samples to be analysed by a

single technician during 1 day? Whatever the cause, such practices

should be avoided.

For sperm vitality evaluation, it is alarming that in each group

almost one fourth of the respondents reported not analysing this

parameter in any sample. The determination of the percentage of

viable spermatozoa, especially when their motility is strongly affected,

may be helpful in indicating whether the spermatozoa could be used

for in vitro fertilisation or intracytoplasmic sperm injection. Although

the last two editions of the WHO manual present three methods of

evaluating sperm vitality, publications have demonstrated that the use

of the eosin-nigrosin test is preferable to that of the eosin test.39

However, the latter would seem to be the most popular in laboratories

in Poland, perhaps because of its simplicity.

The haemocytometer method for the evaluation of sperm concen-

tration, utilizing 100-mm-deep chambers with a diluted semen sample

assuring sperm immobilization, is recommended by the WHO. In our

study, about 50% of respondents in each group did not meet those

recommendations. It is also surprising that the improved Neubauer

chamber was used by about only 40% of CR respondents and only

19% of NCR, especially when the detailed description of the counting

procedure with this chamber has been published in subsequent editions

of the manual.12,18,20 Thus, the implementation of these procedures

would not have presented any difficulties. Moreover, it has been

emphasized that any variation in the standardized procedure (e.g., by

the use of any other chamber) requires its validation, incorporating

appropriate statistical analysis and comparison of obtained results with

the standardized method.12,18,19 The popularity of Thoma or Bürker

chambers, especially among the NCR group, might again be connected

with the ‘tradition’ of using these types of haemocytometer for the

blood tests. This observation confirms the lack of modernization within

the seminological service. The use of any other counting chamber (e.g.,

Makler) for manual sperm concentration analysis has been shown

to give discrepancies with the results obtained from the improved

Neubauer chamber, and these may have consequences in clinical deci-

sions.40,41 Other studies clearly demonstrate the differences in results of

sperm concentration when using the recommended haemocytometer

method, usually with an improved Neubauer haemocytometer, and a

CASA system, utilizing usually 20-mm-deep chambers.42–45

The methods used for evaluation of sperm motility by members of

the NCR group were of poor quality. When the compliance with the

WHO recommendations is considered 50% of NCR did not meet the

recommended standards, in comparison with only 6% of CR. Sperm

motility is recognized as one of the most difficult parameters to stand-

ardize and to learn by the technician, and consequently large inter- and

intra-laboratory differences can be seen in the results.30,46 Performing

sperm counts and categorizing the type of motility without help of

any device is a challenge. The CASA system is recognized as a more

objective method for sperm motility evaluation; however, its availabi-

lity is limited because of its cost.

In conclusion, our results present the existence of (i) differences in

seminological services in the methods and equipment used; (ii) gross

methodological inadequacies; and (iii) inconsistency with the WHO

recommendations in Polish laboratories. These may reflect: (i) the

poor quality of training or workshops dedicated to this specific diag-

nostic area; (ii) the poor implementation of the standards into the

laboratory service; (iii) the poor quality control of seminological

laboratories;24 and (iv) the lack of obligatory directives for semen

analysis. We have revealed that the seminological service is neglected

in Poland and needs serious improvement. These results indicate a

need for standardisation of the methods and continuous, unified

training on semen analysis in Polish laboratories.
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