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Abstract

Background: The WHO manual for basic semen analysis and ISO 23162 describe

sperm morphology assessment as a standard part of semen analysis. Older studies

showed a correlation between morphology results and (artificial) conception. In more

recent studies this relationshipwas less apparent and there ismore emphasis on sperm

morphology as amarker for healthy spermatogenesis (and generalmale health).Mean-

time, many laboratories ceasedmorphology assessment, probably due to unfamiliarity

with this paradigmatic shift and to technical difficulties in the assessment, like the

interpretation of morphological criteria.

Objectives: The aim of this study was to identify morphological criteria with high

variability in results in the Dutch External Quality Control (EQC) program.

Material andmethods:Over the period 2015–2020, a total of 72 photos of sperm cells

along with dichotomous propositions based on 14 criteria as defined inWHO5 (2010)

were distributed in the Dutch EQC program for semen analysis. The EQC results were

evaluated for variability per criterion and for trends in time.

Results: Between 2015 and 2020, 40 to 60 laboratories assessed the photos. Criteria

with low variability between participants were related to acrosomal vacuoles, exces-

sive residual cytoplasm, and tail metrics. In contrast, head ovality, regularity of head

and midpiece contours, and alignment of the major axis of the midpiece and head led

to the highest variability in outcomes. In general, there was a slightly positive trend

(lower variability) in time, except for the criteria with the highest variability (stable or

declining trend).

Discussion and conclusion:This study indicates that there are (high) variabilities in the

interpretation of the morphological criteria, leading to inconsistent outcomes of mor-

phology assessment. The results are discussed from the perspective of imperfections

in definitions and examples of the criteria as given in theWHOmanuals.
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1 INTRODUCTION

According to the World Health Organisation Manual for Basic Semen

Analysis (WHOManual)1–6 and ISO23162Basic Semen Examination,7

spermmorphology assessment is part of routine semen analysis. Strict

criteria8,9 for morphology assessment as defined in the last fourWHO

manuals3–6 are primarily based on characteristics of sperm cells which

are able to migrate through cervical mucus and bind to the zona pel-

lucida and therefore thought to be capable of participating in the

fertilization process. In these experiments, sperm cells were stud-

ied under bright field microscopy magnified 1000× on stained semen

smears, using different stainingmethods.9,10 As a remark, in themean-

time and as also described in ISO23162,7 Papanicolaou (PAP) shall be

the reference staining. Older studies showed a correlation between

spermmorphology results and pregnancy in relation to natural concep-

tion, intrauterine insemination (IUI) and in vitro fertilization (IVF).11–13

In more recent studies this relationship was less apparent and cer-

tainly not useful in the counseling of individual couples for IUI, IVF,

and intra cytoplasmic sperm injection (ICSI).14–18 In recent literature

however, it is stated that the clinical value of sperm morphology, and

semen analysis in general, should not be (solely) used as a predictor

for outcomes of assisted reproductive technologies (ART). Recently

Björndahl states that it’s important “to gain a better understanding of

functions and disorders of the male reproductive organs to increase

the focus onmale reproductive health19”. In general, there is increasing

evidence that spermatogenic disorders are linked with comorbidities

with genetic or nongenetic causes,20 thereby serving as a symptom for

other (severe) diseases. So, spermmorphology is of clinical importance,

worthful improving, and it is therefore disappointing that an increas-

ing number of laboratories decided to stop this assessment.13,21 The

explanation for these decisions may be laid in unfamiliarity with this

extended clinical importance (too much focus on ART), but also in the

test performance which is relatively complex and needs accurate and

continuous training. This is especially true if not only normal/abnormal

morphology is taken into account but also the teratozoospermia index

(TZI). In the context of test performance, remarkably, also the defini-

tion and interpretation of the morphological criteria lead to problems

in the variability of the results.

The last four WHO manuals3–6 describe that sperm morphology

should be evaluated and reported over four parts of the sperm cell:

head, midpiece, tail, and excessive residual cytoplasm (ERC). Over

these four parts, 14 criteria are described.Wang et al.22 andRothmann

et al.23 found that there were significant differences in morphology

assessment even among experts in their own laboratory (the compe-

tencies of these experts were not specified) highlighting the need for

better clarification and stricter definitions.

In this study, we aimed to identify which morphological criteria of

all parts of the sperm cell lead to high variability among participants of

the Dutch External Quality Control (EQC) program and are therefore

potential targets for improvement of their definitions. This study was

performed under WHO5 (2010).5 For the discussion WHO6 (2021)6

and ISO 231627 are also considered.

2 MATERIALS AND METHODS

This study was performed using EQC data acquired in the period 2015

to 2020. The Dutch EQC program for semen analysis as organized by

the Foundation for Quality Assessment in Medical Laboratory Diag-

nostics (SKML) was previously described by Lemmens et al.24 The

EQC involved four rounds per year where participating laboratories

received two samples for concentration assessment, two video record-

ings for motility assessment and two unstained slides for morphology

assessment.

Additionally, for training purposes, photos (taken by Flexacam C1

Camera, Leica Microsystems, Germany) of three PAP-stained sperm

cells magnified 1000× under a bright field, were sent along. To assure

sufficient image details, of each sperm cell two photos were pro-

vided, one fully focused on the head and one fully focused on the

midpiece and tail. A table was included in the EQC report form with

14 propositions (explained in Table 1) based on morphological strict

criteria defined by WHO5 (2010).5 EQC participants were invited to

dichotomously evaluate the sperm cells based on these propositions

(false/true). The consensus results of three experts from two differ-

ent laboratories served as a reference. Participants were employed by

Dutch medical laboratories that perform semen analysis routinely. In

general, they were trained during the ESHRE Course on Basic Semen

Analysis (BSAC),24,25 followed by information during national meet-

ings and photos in EQC. The experts had a long experience with sperm

morphology assessment, were (co) authors of scientific papers on this

topic,14,15,24 andwere involved in national education programs like the

BSAC. The EQC participant’s outcomes were tested for variability per

criterionover theentire6yearperiodand for trendsduring thatperiod.

To gain insight into the influenceof “time”, three photos of spermatozoa

were redistributed three times (in 2015/2018/2020) while six photos

were provided twice (in 2016/2018 and2018/2020). Both participants

and experts were blinded in this setup.

In total, the results of 72 photos (1008 values) were analysed.

Variability between EQC participants was expressed per criterion as

a good, poor, or intermediate agreement, with agreement percent-

ages defined as >90%, <60%, and 60−90%, respectively. To visualize

tendencies over time for each criterion descriptive statistics were per-

formed by univariable linear regression analysis in Microsoft Excel

(Microsoft 365 MSO; version 2208 16.0.15601.20764, 32 bits). The

results of photos distributed multiple times were compared with the

original results of both participants and experts.

3 RESULTS

From 2015 up to 2020, a minimum of 88 and a maximum of 103 lab-

oratories participated in the Dutch EQC program for semen analysis.

Not all of these laboratories participated in morphology assessment:

a minimum of 40 and a maximum of 60 laboratories took part in

the photo evaluation per year with a decreasing tendency in time

(Figure 1).



514 van denHOVEN ET AL.

TABLE 1 Agreement of participant’s evaluation of spermmorphology on 72 photos of sperm cells.

Agreement

Good> 90% Poor< 60%

Intermediate

60–90%

Head

Oval shape 26 102 36

Smooth, regularly contoured 26 122 34

Acrosomal region 40%−70% 46 3 23

Acrosomal region≤ 2 vac 46 1 25

Acrosomal vacuoles< 20% of the head surface 551 1 16

No post acrosomal vacuoles 49 3 20

Midpiece

Slender and regular 14 72 51

About the same length as the sperm head 19 4 49

Major axis midpiece=major axis sperm head 14 122 46

Excessive residual cytoplasm (ERC)

ERC< 1/3 of the head surface 551 4 13

Tail

Thinner than themidpiece 681 0 4

Uniform calibre along its length 46 0 26

About 10 times the head length 611 0 11

No sharp angle indicative of a flagellar break 52 1 19

Note: Each sperm cell was evaluated by using dichotomous propositions on the 14 criteria as defined by WHO5 (2010).5 The agreement per criterion is

expressed in categories: Good (>90%), poor (<60%), and intermediate agreement (60–90%).
1Top 4 criteria with the lowest variability between participants.
2Top 4 criteria with the highest variability between participants.

F IGURE 1 The number of participating laboratories in the Dutch EQC program that evaluated the photos of sperm cells in the period 2015 to
2020. Remark: the total number of laboratories participating in the other aspects of semen analysis (concentration andmotility assessment) was
between 88 and 110 over these years.
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Per sperm cell, a table with 14 propositions of criteria was sup-

plied (for criteria see Table 1). A total of 72 photos were analyzed

for sperm morphology assessment. For each sperm cell, a table with

14 propositions of characteristics was supplied. In Table 1 the agree-

ment of participant’s evaluation per criterion is mapped and expressed

in three agreement categories: good, poor, and intermediate. Overall

57% of the results were categorized as good, 6% as poor, and 37% as

intermediate agreement. Criteria with the lowest variability between

participants are related to acrosomal vacuoles, ERC and tail metrics. In

contrast, head ovality, regularity of head and midpiece contours, and

alignment of themajor axis of themidpiece and head led to the highest

variability in outcomes.

In Figure 2 the variability in the results of all 72 photos for the 14

criteria is visualized.Most criteria showed a slightly positive trendwith

lowervariationover time, except forheadovality and regularityof head

andmidpiece, which remained stable or had a declining trend.

Three photos were redistributed to participants three times and six

photos two times, thereby including a total of 296 assessments. In 26

cases (8.8%) a change in results was found, defined as a shift toward

higher or lower variability within a criterion between participants (5

times higher, 21 times lower variability). In contrast, experts changed

their opinion in only three cases (1.0 %). Most changes (14 cases) were

found for judgment of the head criteria. Lower numbers of changes

were seen regarding the evaluation of the midpiece (6 cases), tail (5

cases), and ERC (1 case).

4 DISCUSSION WITH CONCLUSION

The results of this study indicate that the evaluationof certainmorpho-

logical sperm criteria as defined by WHO5 (2010),5 such as vacuoles,

ERC, and tail metrics, shows a low variability among participants in

the Dutch EQC program. In contrast, other criteria, like head oval-

ity, regularity of head and midpiece contours, and alignment of the

major axis of midpiece and head, result in (structural) high variability.

These variabilities in the interpretation of the criteria definitions will

lead to inconsistent outcomes for individual sperm cells and thereby to

erroneous results of the semen analysis as a whole.

The problems identified in this study were also found by

others.22,23,26 In 2010, Wang et al.22 concluded that evaluating

the sperm head is more challenging than assessing other parts of the

sperm cell, even for their experts. Rothmann et al.23 came to a similar

conclusion and, in an EQC program, Eustache and Auger26 found that

even well-trained participants showed variability in outcomes.

Theorigin of theseproblemsmay lay indefinitions andexample tem-

plates as presented in the WHO5 (2010) and WHO6 (2021)5,6 and

ISO 23162.7 In the example templates we recognize inconsistencies

related to the definitions of the criteria and between outcomes on dif-

ferent sperm cells. For example, several sperm cells that are presented

as normal, show head dimensions that are too circular according to the

required length:width ratio (1.5–2.0).

Regarding midpiece and ERC, several issues need to be addressed.

In WHO6 (2021)6 sperm morphology assessment starts with judging

the ERC of which the allowed size is a maximum of 1/3 of the (normal)

head surface area. However, its definition is very unclear and raises

the question if larger irregularities (less than 1/3 of the head surface)

are cytoplasmic droplets (CD), ERC (both normal), or thick midpieces

(abnormal). According to Rengan et al.27 a CD is physiological and

disappears during fixation and staining. Rothmann and Auger23,28 dis-

agree with this and WHO6 (2021)6 is insufficiently conclusive on this

aspect. Furthermore, this manual states that the midpiece has a red-

dish and ERC a green color after PAP staining. Although this would

be very helpful to distinguish the different parts of the sperm cell, we

experience that ERC can’t be perfectly dichotomously assessed only on

coloration. Probably also shape needs to be taken into account during

the assessment, but this is not described in themanual. Tomake it even

more unclear, examples of ERC are missing inWHO6 (2021),6 and pic-

tures inWHO5 (2010)5 show only reddish-stained ERC. Also, it would

be valuable to give information about thephysio-pathological origin for

observations at midpiece and ERC in theWHOmanual. Questions that

arise are related to the visuality ofmitochondrial organization, reactive

oxygen species (ROS) production, andmotility.While aspects of amito-

chondrial organization can be visualized by advancedmicroscopy,29–31

a link with standard morphology assessment would be valuable as

described for example byWanget al for thinmidpieces31 andMortimer

for other parts of the sperm cell.32

Assessment of the tail, especially thickness, and length shows the

lowest variabilities between participants, which is consistent with the

findings of previously performed studies.22,23,26 Limited literature is

known about a link between tail abnormalities and fertilization, with

only Lim et al.33 mentioning a correlation between double and curled

tails and declining fertilization rates in vitro. In general, it might be bet-

ter to evaluate tail morphology in conjunctionwith complexmovement

characteristics.34,35

Next to our remarks on the oval head, midpiece, ERC, and tail,

another ambiguity concerns the overall conclusion regarding sperm

cell morphology. Over the years “normal”morphology changed to “typ-

ical” and finally “ideal”. The definitions of these terms are incomplete,

confusing, andused interchangeably inWHO6 (2021).6 Also,wedetect

a labile strategy in the assessment of sperm morphology over the dif-

ferent manuals: in WHO5 (1999),4 the assessment of abnormalities

was taken as a starting point, while in the 2010 version, this strat-

egy was explicitly left and shifted to judging the criteria for normal

morphology. With WHO6 (2021)6 abnormalities seem to be the key

for accurate judgment again by using the scheme as published by

Rothmann et al.23

The strength of our study lies in the extensive amount of data,

which demonstrates differences in the interpretation of morphol-

ogy criteria among different laboratories. This provides a clear

vision/understanding of the problems that arisewhenusing strict crite-

ria formorphology assessment, as describedby themost recentWHO5

(2010) andWHO6 (2021).5,6

The weakness of this study is that many participants, despite

training and instructions, use different staining methods in their

own practice21,36,37 and are not accustomed to assessing morphol-

ogy in PAP-stained smears (and therefore possibly also photos of
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F IGURE 2 Global view on the variability in agreement (50–100%) between participants over the 14morphological criteria and the conclusion
(normal/abnormal). The results of 72 photos of sperm cells in the period 2015–2020 are presented as cropped bars in each graph. In general, the
better the agreement, the higher the graphwill be filled with bars (and the darker it is). Dashed lines indicate tendencies in time as calculated by
univariable linear regression analysis inMicrosoft Excel. Horizontal axis: individual photos over the period 2015−2020 (12 photos per year).
Vertical axis: degree of agreement (in 50−100%). Explanations: A= oval shape of the head; B= smooth regularly contoured head; C= acrosomal
region is 40%−70% of the head; D= not more than 2 vacuoles in the acrosomal part of the head; E= surface vacuoles not more than 20% of the
head; F= no vacuoles in the post acrosomal region of the head; G=midpiece shape is slender and regular; H=midpiece and head are of about the
same length; I= axis midpiece is equal to axis sperm head; J= ERC< 1/3 of the head surface; K= tail thinner than themidpiece; L= tail of uniform
caliber along its length;M= length of the tail about 10× the sperm heads; N= no flagellar break; O= sperm cell normal or abnormal.
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PAP-stained sperm cells). Moreover, the assessment of photographed

sperm cells as used in our EQC program is sometimes challenging

due to the fact that focusing up/down, as in “live microscopy”, is

not possible.

How to continue with morphology assessment? At first definitions

of morphological (ab)normality should be improved, better visual-

ized on plates in the WHO manual, and connected with sperm

pathology and known comorbidities. Focus on high percentages of

mono-morphological abnormalities is important as especially these

are thought to be related to genetic disorders and co-morbidities.20

Computer-Assisted SpermMorphologyAssessment (CASMA), coupled

with deep learning models,38–40 could be helpful. However, WHO6

(2021)6 states that “no CASA system has been properly validated for

the necessary accuracy”. As a prognostic factor for pregnancy, it would

be legitimate to repeat initial experiments with sperm cells that could

migrate through cervical mucus and bind to the zona pellucida.8,10

Subsequently, it might be necessary to re-describe the morphologi-

cal criteria. Moreover, morphology assessment on only vital (or even

motile) sperm could be an improvement here, for example, dead sperm

cells show a higher degree of tail abnormalities.41 In contrast, rapidly

progressive motile sperm have a better morphology42 and show a low

degree of DNA damage as compared with immotile or nonprogressive

motile sperm.43

This study highlights challenges in the accurate (stable) judgment of

themorphology of sperm cells based on the criteria outlined byWHO5

(2010)5 in a Dutch EQC program. It is crucial to overcome these chal-

lenges as sperm morphology assessment is still important, not only in

relation to unfulfilled child wishes but also in the perspective of men’s

general health.19,44
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