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External Quality Control for Semen Analysis in
Germany - Qualitadtskontrolle der Deutschen
Gesellschaft fiir Andrologie (QuaDeGA)
The First 5 Years

T. G. Cooper, B. Hellenkemper, E. Nieschlag

The German external quality control programme for semen analysis (QuaDeGA) has distributed 20 QC samples in 10 distributions (two per year)
over the last 5 years. Analysis of the results from all participants with respect to the methods used, changes in methods employed, fluctuations and
improvement in results are presented. The number of participants rose from an initial 27 to 145 by distribution 10 and 18 centres dropped out.
Most centres did not use WHO-recommended methods upon entry into the programme and few changed to them during their participation. Using
the QuaDeCA ranking system as a measure of satisfactory performance, an overall improvement in semen analysis was observed with some
centres reporting better and consistent results. In conjunction with changing to unified, WHO-recommended semen analysis protocols, participa-
tion in the QuaDeCA scheme is beneficial in improving semen analysis as judged by improved agreement with target values for semen variables.

J Reproduktionsmed Endokrinol 2007; 4 (6): 331-5.
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or an individual clinic, knowledge of the differences

between technicians in their assessment of semen is
critical for the day-to-day running of the practice. This is
achieved by the use of standardised procedures, embod-
ied in the WHO Laboratory Manual for the examination
of human semen and sperm-cervical mucus interaction
[1, 2] and participation in regular internal quality control
(1QC) of semen analysis procedures. Furthermore, in a
country such as Germany, the accuracy of semen analysis
results is of importance with regard to the indication of,
and reimbursement for, assisted reproduction. For these
clinical reasons, as patients move between centres, and
for research purposes, e.g. participation in multicentre
studies, knowledge of how an andrology laboratory com-
pares with other centres is of increasing importance.
Comparisons between centres are controlled by external
quality control (EQC) schemes that operate in several
European countries (the UK, Italy, Spain, Scandinavia,
Denmark). In 2001, the German Society for Andrology
set up an external Quality Control Programme for Semen
Analysis (Qualitatskontrolle der Deutschen Gesellschaft
fir Andrologie, QuaDeGA), for German-speaking coun-
tries. On its 5™ anniversary, the results from this pro-
gramme are examined and the usefulness of the pro-
gramme is assessed.

Materials and Methods

QuaDeGA Distributions

QuaDeGA supplies two ring trials per year, each compris-
ing two diluted, fixed semen samples in tubes with col-
our-coded caps for assessment of sperm concentrations
and for making smears for sperm morphology assess-
ment. The fixative was initially formalin (100 pl 37 % for-
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malin per ml semen) but some samples displayed clump-
ing and aggregation particularly when semen samples
from different donors were mixed. Attempts were made
to reduce this problem by pooling semen from individual
donors or use of a storage medium containing an anti-
foam agent [3]. Videotapes of sperm motility gave way
with time to CD-ROM and DVDs for most centres. Data
from all 10 distributions (2002 to 2006) were examined.
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The Use of a Ranking System to Monitor Changes in Per-
formance

Providing two semen samples to assay in each distribu-
tion permits the results to be plotted graphically in a
Youden plot where the results for the same parameters
from each of the two samples are plotted against each
other [4]. This enables both random and systematic errors
to be detected and allows a ranking system to be devel-
oped. For QuaDeGA, Rank 1 is achieved when the results
of both samples fall within the target window; Rank 2
when one is in and one out, Rank 3 when both results are
outside the target window and a systemic error is indi-
cated by both samples being too high or too low and
Rank 4 when random errors (e.g. one sample too high,
one sample too low) are indicated (Fig. 1). For each par-
ticipating centre, the ranks awarded for each semen para-
meter were examined. These ranks were used in a
number of ways to determine if the assessment of semen
analysis had changed with time during the course of par-
ticipation in the QuaDeGA scheme.

For every centre, the ranks apportioned to each semen
parameter were listed for every distribution. From this,
the longitudinal changes in ranks with time (participation
in the scheme) and the cross-sectional average of ranks
(for each distribution) could be calculated.
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Figure 1. A Youden plot of sperm concentration. For a given distribu-
tion, the results of the assessments of each centre for Sample A (abscissa)
is plotted against the assessments of the same centre for Sample B (ordi-
nate). The target ranges for the concentration in each sample (provided
by reference centres) is shown between the dotted lines on each axis
and they overlap to define the target window (solid line). The positions
of points outside the target window indicate random errors (R) or sys-
tematic errors (S). The graph is thus divided into 9 areas and Ranks are
awarded for falling within the target window (Rank 1), for having ran-
dom errors (Rank 2 in R2), systematic errors (Ranks 3 in S3) and ex-
treme random errors (Rank 4 in R4).

Target Values

The most difficult task for an EQC programme is to set
realistic target values. Initially taking data only from the
few EAA centres, this was expanded to centres that pro-
vided consistent results on occasions when, unbe-
knownst to them, the same sample had been provided,
but at two dilutions, as separate samples for QuaDeGA.
Such centres thus provided consistent morphological
scores and concentrations but did not necessarily pro-
duce consistent assessment of motility. Here other cen-
tres’ results were used but there was difficulty in obtain-
ing centres consistently agreeing with all four motility
grades. On occasion good agreement with grade d would
lead to even better agreement (a small target window) for
grade a; this occurred in distribution 6 such that fewer
centres were able to achieve Rank 1 with the distortion of
results mentioned below.

Even these selected centres with time produced incon-
sistent results with the target windows being either too
large (so that all centres would obtain Rank 1) or too
small (so that only few would be able to obtain Rank 1)
and values from new recruits to the scheme were exam-

ined for suitability as reference centres. It must be recog-
nised that with target values set subjectively, some vari-
ability in response will inevitably originate from the cen-
tre setting the target values [5].

Results

Number of Participants

The number of participants increased from 27 at the ini-
tial distribution to 145 by the tenth (Tab. 1). The break-
down of the laboratories participating in the last distribu-
tion (2/2, 2006) showed that there were 40 % from Urol-
ogy practices, 35 % from ART clinics, 13 % from derma-
tology institutes, 10 % from laboratory medicine labora-
tories, ~2 % from andrology clinics and one semen bank.
Participants also came from outside Germany: 9 from
Switzerland, 3 from Austria, 1 from Hungary and 1 from
Sweden. Eighteen centres started the QuaDeGA scheme
but dropped out; the other centres that remained in the
scheme sometimes missed one distribution (34 centres),
two distributions (4 centres) or three distributions (2 cen-
tres). Participation in QuaDeGA is voluntary, but a fee
was charged with a reduction for members of the German
Society of Andrology for running the programme.

Choice of Counting Chambers

A large number of counting chambers was used by par-
ticipating centres for estimation of sperm concentrations,
ranging from reusable deep haemocytometers (Neubauer,
Fuchs-Rosenthal, Thoma, Biirker, Birker-Ttrk/Ttirk) and
shallow chambers (Makler) and disposable chambers
(Cell vision, Mika, Fastread, Kovac, MTG and ZMS) as
well as CASA systems (IDENT, IVOS) (Tab. 1). From all the
centres providing more than one result, 105 remained
with the same counting chamber throughout their partici-
pation in QuaDeGA, 35 changed counting chambers
once and 13 changed twice. Of those changing cham-
bers, 25 (52 %) changed to a chamber recommended by
the WHO [1, 2]; nevertheless, by the last distribution,
only 46 % of the participants were using the Neubauer
counting chamber, as proposed by the WHO [1, 2] (Tab. 1).

Choice of Semen Diluents

A wide range of fixatives and diluents was used for
assessment of sperm concentration, including the
WHO-recommended formalin, other diluents containing
formalin, stains (Carbolfuchsin, eosin), chemicals (tri-

phenylamine, per-

Table 1. Characteristics of the methods used by participants in the first 10 QuaDeGA distributions oxidase media),
bleach  (chlorate),

Distribution No. Chambers Diluents Stains acids (acetic, HCI),
No. Code | Participants | No.' | % WHO? | No.' | % WHO? | % None® | No." % WHO? % None* bicarbonate-buff-
ered media, lysing

1 2002/1 27 4 56 5 13 30 11 50 4 solutions, salt solu-
2| 2002/2 48 8 33 6 11 55 12 45 7 tions (NaCl, KCI)
3 2003/1 68 5 39 8 8 53 16 35 8 water or no media
4 2003/2 99 9 43 1 19 44 14 34 4 at all (for those using
5 | 2004/1 102 9 43 10 19 44 14 34 4 the Makler cham-
6 | 2004/2 110 9 43 12 18 38 15 33 6 ber). Of all the
7 | 2005/1 115 10 44 9 19 39 14 35 6 centres  providing
8 | 200572 128 | 11 47 9 20 38 17 31 5 more than one re-
9 | 2006/1 132 12 47 10 23 39 17 28 6 sult, 89 remained
10 | 2006/2 148 11 46 10 25 37 14 30 4 with the same dilu-
ent throughout, 39

" number of different types of chambers, diluents or stains used including no diluent (for Makler chambers) or no Changed diluent
stains; 2 percentage of centres employing WHO-recommended chambers, diluents or stains; > percentage of centres o ce and 17

using no diluent (Makler chambers) for concentration or no stain for morphology.

changed twice. Of
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Figure 2. The overall mean Rank (ordinate) from all participants in each
distribution (abscissa) for sperm concentration, normal sperm morphol-

ogy and

sperm motility grades a to d.

those changing diluents, 19 (34 %) changed to a chamber
recommended by the WHO but by the last distribution,
no more than 25 % of the participants were using the

WHO-

recommended diluent (Tab. 1).

Morphological Stains and Assessment Criteria
A wide range of stains was used for assessment of
sperm morphology, including the WHO-recommended

Papanicolaou, Shorr and Diff Quik stains as well as
Berenyi, Gram, Giemsa, May-Griinewald, Pappenheim,
Mayer, Haematoxylin, Eosin, Cytocolour, SpermAc, ani-
line blue, methylene blue, toluidine blue, SpermOscan,
SpermAc and rapid stains (Sangrodif, Testsimplets), or no
stain at all. Three main criteria for assessing morphology
were employed: the WHO manual, Disseldorf [6, 7] and
Strict assessment [8, 9], although the WHO manual [1, 2]
is meant to be based on the Kruger (strict) scheme. From
all the centres providing more than one result, 56 re-
mained with the same stain throughout, 13 changed
stains once, 36 changed twice, 11 changed three times
and 4 changed 4 times. Of those changing morphological
stains, 18 (28 %) changed to a WHO-recommended stain
but by the last distribution only 30 % were using WHO-
recommended stains.

For all distributions, between 84 and 94 % of all centres
claimed to be using WHO criteria for categorising nor-
mal morphology. From all the centres providing more
than one result, 104 remained with the same criteria
throughout, 4 changed criteria once and 6 changed
twice. Of these, all 10 (100 %) changed to a method
recommended by the WHO [1, 2].

Overall Trend in Ranks with Time

The overall mean rank values for each semen parameter
were calculated for each distribution from all centres par-
ticipating at that time (Fig. 2). A gradual improvement
(decrease in mean ranking) was observed for assessment
of sperm concentration and recog-
nition of normal morphological

80

(A) Concentration

100

(B) Morphology

forms. A sharp improvement of
assessment of grade a (fast progres-
sive) motility was evident (the hia-
tus in distribution 6 being caused
by an abnormally small window
for grade a sperm from the particu-
lar reference centres chosen).
Motility grades b (slow progressive)
and c (non-progressive motility)
likewise improved. Immotile sper-
matozoa (grade d) were consist-

ently well assessed.

Changes Between Ranks with Time
The percentage of participating
laboratories receiving the Ranks 1,
2, 3 or 4 were calculated for each
distribution for each semen param-
eter controlled. These results are
shown in Figure 3. For all param-
eters there were very few centres
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receiving Rank 4 (random errors)
and after distribution 4 no Rank 4
needed to be awarded. Systematic
errors or bias (Rank 3) starting at
around 20 % of centres for mor-
phology, 40 % for concentration
and motility grade c and 60 % for
progressive motility (grades a and
b) declined gradually through the
five years of study, with a few
reversals in distribution 6. The
awarding of Rank 2 persisted

5 6 7 8 9

Figure 3. The percentage of centres achieving Ranks 1 to 4 with sequential distribution (abscissa)
time for assessing (A) sperm concentration, (B) normal sperm morphology, (C) motility grade a, (D)

motility grade b, (E) motility grade c and (F) motility grade d.

throughout for all parameters and
showed some fluctuations, particu-
larly with grading progressive sper-
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matozoa. The percentage of centres given Rank 1 in-
creased drastically for the assessment of concentration
and motility (grades a, b and c). Grade d was always as-
sessed well.

Improvement in Ranks with Continued Participation
Taking data only from centres that had been with the
QuaDeGA scheme for at least 6 distributions enabled
within-centre improvement with time to be monitored.
For this the mean rank for each semen parameter from
the first 3 distributions analysed was compared with the
mean rank from the last 3 distributions from that centre.
An improvement in performance was considered if there
was an increase of at least a ranking of 1 between the
means of the first and last 3 distributions. If the initial
rank was 1, no improvement could be made, so achiev-
ing a mean rank of 1 by the last 3 distributions was also
counted as an improvement. Figure 4 shows that there
was a consistent increase in the percentage of centres im-
proving performance by at least a ranking of 1 during
their participation in the EQC scheme. The improvement
in assessment of concentration occurred after participat-
ing 4 times whereas improvements in assessment of nor-
mal morphological forms and motility grade c were more
immediate. There were no obvious trends in improve-
ment in the assessment of motility grades a, b or d.
Whereas the difficulty distinguishing between grades a
and b is well known [10], explaining the fluctuations in
response and the implied poor ability to asses immotile
spermatozoa was surprising.

80 -
60 -
£ 40
c
[0}
€
2 20 —@— Concentration
g_ —O— Normal morphology
£ —w— Grade c
S 0 T T T T T
2
3 801
c
[0}
O
60 1
40
—@— Grade a
20 —O— Grade b
—w— Grade d
6 7 8 9 10
. Number of distributions analysed

Figure 4. The percentage of centres showing improvement (an increase
in a score of at least one Rank) from those that had participated in the
number of distributions given (abscissa) for assessing (upper panel) sperm
concentration, normal morphology, grade ¢ motility and (lower panel)
motility grades a, b and d.
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Counting Chambers and Diluents Used for Assessing
Sperm Concentration

As the most-used chambers were the Neubauer and
Makler, a comparison of results from their use was made
by selecting only those centres that had used these cham-
bers throughout their participation in QuaDeGA (up to
23 or 21 centres, respectively, by QuaDeGA distributions
9 and 10). Data from at least 9 centres per distribution are
shown in Figure 5. Use of both chambers resulted in an
improvement in performance but lower ranks were con-
sistently found with the Neubauer chamber, with less
fluctuation between distributions. Of the 186 samples
examined in a Neubauer chamber 73 % were Rank 1,
28 % Rank 2, 10 % Rank 3 and 2 % Rank 4; the corre-
sponding percentages for 144 samples examined in a
Makler chamber were 63, 27, 10 and 1 (Fig. 5). As the
semen samples distributed to the centres were fixed, the
spermatozoa assessed in the chambers were immotile.
This contrasts with the situation in the laboratory where
motile spermatozoa in undiluted semen is assessed in
Makler chambers; thus this does not constitute a control
of the quality of sperm concentration assessment made in
those laboratories under these different conditions.

Discussion

In this paper, the performance of laboratories participat-
ing in the external quality control scheme for semen
analysis of the German Society of Andrology (QuaDeGA)
was monitored. Using a ranking system in which Rank 1
indicates success in reaching the target value for a par-
ticular semen variable, improvement was apparent as in-
creased overall rankings, an increased percentage of cen-
tres with Rank 1 or as a time-dependent decrease in
mean rank with time.

Only a minority of the participants used WHO-recom-
mended methods and few changed to them during their
participation in the scheme despite recommendations
sent out with the results. A similar lack of compliance
with WHO recommendations has been found for mor-
phological assessment by the British Andrology Society
[11]. It is difficult to understand why standardised meth-
ods are not introduced into semen analysis, especially
when the WHO semen analysis handbook is recom-

2.2

—@— Neubauer Chamber
—O— Makler Chamber

Mean Rank

1.0 1

1 2 3 4 5 6 7 8 9 10
Distribution No.

Figure 5. The mean Rank (ordinate) from centres that had continuously
used the Neubauer or Makler chambers for assessing sperm concentra-
tion in every distribution (abscissa).



mended in the letter accompanying the results from every
QuaDeGA ring trial. Results from the andrology labora-
tory are not solely the responsibility of the technicians
performing the analysis; laboratory and institute directors
should ensure that, as in every other field of medicine,
standardised methods are used.

In this study, where a valid comparison could be made
with sufficient numbers of participating centres, fewer
fluctuations in sperm concentration between ring trials
were found by use of the WHO-recommended Neubauer
chamber, most likely as a result of the larger number of
spermatozoa assessed, and lower counting errors ac-
crued in the large-volume chambers [12].

The plethora of stains used for morphology, together with
the notorious difficulty of morphological assessment,
made a similar assessment for morphology not meaning-
ful. Until unified approaches to sperm morphology as-
sessment are introduced, together with effective training
schemes [13], little headway will be made. A confound-
ing factor is the difference in assessment of sperm mor-
phology by two European schemes (one being more strict
in assessing “borderline spermatozoa” as abnormal)
which has already been reported [5]. Close attention to
the preparation of smears, use of stains and assessment of
normal forms is required to reduce variability in this as-
sessment and this can also be achieved by standardisa-
tion of techniques.

The centres that showed improvement in assessment
of sperm concentrations and morphology took time to do
so (participation in 3 to 4 ring trials), suggesting that
changes in assessment/method were gradual and in re-
sponse to continued feedback in the form of results from
the scheme. Although certain laboratories starting with
poor performance (high ranks) at their entry into the
QuaDeGA scheme were able to improve and maintain
an improvement with time, other centres were erratic
and showed no improvement. Whether this reflects the
qualification of the staff or staff turnover is not possible to
say from the data collected, but that a certain type of
technician is better suited to andrological analysis is well
known [14].

In conclusion, although the QuaDeGA scheme has failed
in introducing WHO-recommended semen analysis pro-
tocols to the German andrology scene, continued partici-
pation in the scheme has been associated with an im-

provement in assessment of some semen parameters for
some centres. Improvement in other parameters, or in
other centres, will rest upon the introduction of unified
protocols that should help eliminate variability in assess-
ment between centres. In this regard, a new version of the
WHO manual for semen analysis is in preparation that
covers in greater detail than before the basic methods of
assessing sperm concentration, motility and morphology.
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