
Human Reproduction vol.15 no.3 pp.680–686, 2000

Results of the American Association of Bioanalysts
national proficiency testing programme in andrology

Brooks A.Keel1,4, Patrick Quinn2, movement and morphology obviously requires a great deal of
technical expertise and procedural care and meticulous qualityCharles F.Schmidt Jr3, Nicholas T.Serafy Jr3,

Nicholas T.Serafy Sr3 and Tammie K.Schalue1 control. It is the test’s lack of standardization that has made
semen analysis inaccurate and unreliable (Chong et al., 1983;1Department of Obstetrics and Gynecology, Women’s Research
Mortimer et al., 1986; Ombelet et al., 1997), and has accom-Institute, University of Kansas School of Medicine-Wichita,
modated wide variation within and between laboratoriesWichita, Kansas, 2Sage BioPharma, San Clemente, California and

3American Association of Bioanalysts Proficiency Testing Service, (Jequier and Ukombe, 1983; Ayodejit and Baker, 1986;
Brownsville, Texas, USA Neuwinger et al., 1990; Walker, 1992). This has raised an

urgent need for quality control (Mortimer et al., 1986; Dunphy4To whom correspondence should be addressed at: Women’s
Research Institute, University of Kansas School of Medicine- et al., 1989; Mortimer, 1994; Clements et al., 1995; Cooper
Wichita, 1010 N. Kansas, Wichita, KS 67214, USA et al., 1999), and has caused some to refer to it as the

‘neglected test’ (Chong et al., 1983). Although several authorsProficiency testing samples for antisperm antibodies
have advocated the standardization of the methods utilized in(ASAB), sperm count, morphology and vitality were mailed
the andrology laboratory (Chong et al., 1983; Jequier andto participating laboratories. The majority participating
Ukombe, 1983; Mortimer et al., 1986; Baker et al., 1994) andutilized Immunobead ASAB procedures (81 versus 14%
have indicated the importance of quality control (Dunphymixed antiglobulin reaction and 5% ‘other’), and there
et al., 1989; Cooper et al., 1992; Muller, 1992; Mortimer,was 95.6 � 1.2% agreement on the presence or absence
1994; Clements et al., 1995; Coetzee et al., 1999), in manyof ASAB. The majority of laboratories utilized manual
cases andrology testing is not comprehensive, technology and(79%) versus computer assisted semen analysis (CASA;
technical expertise is minimal and quality is compromised15%) methods. Approximately 64% used the haemocyto-
(Jequier and Ukombe, 1983; Baker et al., 1994; Ombeletmeter and 26% used the Makler counting chambers for
et al., 1997).manual counts. Coefficients of variation (CV) in sperm

The inaccuracies and lack of standardization associated withcounts ranged from 24 to 138%, with CASA displaying
andrology testing have made it difficult, and in many caseslower overall CV (53 � 8%) than manual methods (80 �
impossible, for physicians to compare semen analysis results9%). A wide variation in the reports of percent normal
among laboratories. This is especially problematic when treat-morphology was noted (CVs calculated from arc sin trans-
ing infertile couples referred from other clinics, who may haveformed means ranged from 15 to 93%). Participants using
had fertility testing performed in other andrology laboratories.American Society of Clinical Pathologists (ASCP) criteria
For example, owing to disagreements between laboratories, areported sperm morphology values that were clustered in
patient could be classified as normal by one laboratory andthe ‘normal’ range (11 out of 12 samples), while those
infertile by another (Neuwinger et al., 1990). Improvement inusing strict criteria were clustered in the ‘abnormal’ range
inter-laboratory agreement of test results is one of the hallmarks(10 out of 12 samples). Good agreement was observed in
of a national proficiency testing (PT) programme. PT is asperm vitality (overall mean CV � 18%). These data
process of external, inter-laboratory quality control wherebyhighlight the urgent need for improvement in overall
simulated patient samples are tested by participating laborat-quality of andrology testing and indicate that practical
ories, and the performance of the individual laboratory (i.e.proficiency testing programmes can be made available on
the test result) is compared with the collective performance ofa large scale.
all participants (Stull et al., 1998). Organized PT was firstKey words: antisperm antibodies/proficiency testing/sperm
introduced in the United States the mid-1940s (Sunderman,count/sperm morphology/sperm vitality
1992). With the advent of the Clinical Laboratory Improvement
Act of 1966 and the Amendments of 1988, all clinical
laboratories in the United States engaged in moderate or high

Introduction complexity testing are now required to enrol in a government
approved PT programme, if such a programme is available,Semen analysis is arguably the most important clinical laborat-

ory test available in the evaluation of male fertility. In theory, and failure to achieve satisfactory performance in PT may
result in sanctions against the laboratory (Keel, 1998). Sincesemen analysis is a very simple test to perform; one merely

places a drop of semen on a slide and determines the relative the introduction of PT, numerous reports have indicated that
participation in organized PT programmes has resulted in anumber, size and shape, and mobility of spermatozoa. In

practice, however, the careful analysis of sperm concentration, decrease in inter-laboratory standard deviations and coefficients
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method was coded as ‘Immunobead’ (Clarke et al., 1983), ‘MAR’
Table I. Number of laboratories participating in each proficiency testing (mixed antiglobulin reaction; Jager et al., 1978), or ‘other’.
programme

Sperm count programme
Challenge ASAB Count Morphology Vitality

Each testing event consisted of two aliquots (vials) of pooled stabilized
(formalin) suspensions of human spermatozoa. The samples were

May 1996 67 129 98 61
prepared so that one contained ‘low’ concentrations of spermatozoaOctober 1996 75 150 114 71
and the other sample contained ‘high’ concentrations (realizing thatMay 1997 117 459 289 130

October 1997 116 465 288 139 these terms are relative). The participating laboratories were instructed
May 1998 138 586 372 108 to remove the specimens from the refrigerator, warm to room
October 1998 135 598 372 169

temperature, vortex for a minimum of 10 s or until completely in
suspension, and count the spermatozoa according to the laboratory’s

ASAB � anti-sperm antibodies.
usual method. Results were recorded as �106 spermatozoa/ml in
whole numbers. Only one reporting method was allowed, and the
method was coded as CASA (computer assisted semen analysis),

of variation with PT samples (Hanson, 1969; Hain, 1972;
manual or other. The laboratory was requested to indicate the

Rickman et al., 1993), and a marked improvement in PT type of counting chamber used, and these data were coded as
performance over time (Taylor and Fulford, 1981; Nakamura haemocytometer (laboratories did not specify the type), Makler (Sefi-
and Rippey, 1985; Rickman et al., 1993; Tholen et al., 1995). Medical Instruments, Haifa, Israel), Cell-VU (Millennium Sciences
Thus, PT has caused a dramatic improvement in the quality Inc., New York, NY, USA), or Micro-Cell (Conception Technologies,
of clinical laboratory testing and has served to ensure better San Diego, CA, USA).
agreement of results among laboratories.

Sperm morphology programmeAttempts at developing a multicentre, external inter-
Each testing event consisted of two unstained glass slides of semenlaboratory PT programme in andrology testing are limited
smears. The smears were fixed with CytoPrep (Fisher Scientific,(Neuwinger et al., 1990; Walker, 1992; Matson, 1995; Cooper
Pittsburgh, PA, USA) prior to shipping. Laboratories were instructedet al., 1999). The American Association of Bioanalysts (AAB)
either to stain immediately with Papanicolaou stain, or if using aProficiency Testing Service (Brownsville, Texas, USA) began
Wright Giemsa based stain, to first remove the fixative by soakingoffering comprehensive external quality control PT pro-
the slides in 95% ethanol for a minimum of 20 min, followed by

grammes in 1949. In May of 1996, the AAB PT Service made staining the slides by the laboratory’s usual method. The laboratory
available PT programmes for the clinical laboratory specialities was then instructed to perform the morphological analysis of the
of andrology and embryology. In this report, the results of this stained smears by the usual method. Results were reported as
nationwide survey in andrology PT are presented. percentage normal forms in whole numbers. Two reporting methods

were allowed in the event that a screening and a more definitive
(strict) method was performed. The methods were coded as American

Materials and methods Society of Clinical Pathologists (ASCP) (Adelman and Cahill, 1989),
Proficiency testing (PT) programmes were developed for the detection strict (Kruger et al., 1986, 1988), WHO2 (World Health Organization,
of antisperm antibodies (ASAB), and for the determination of sperm 2nd edn; WHO, 1987), WHO3 (3rd edition; WHO, 1992), or other.
count, sperm morphology and sperm vitality. Samples for quality The laboratory was also requested to indicate the type of stain
control assessment (two samples per distribution) were obtained by employed.
contract from commercial vendors (Fertility Solutions, Inc., Cleveland,

Sperm vitality programmeOH, USA and Dr Nina Desai, Cleveland, OH, USA) and were mailed
to participating laboratories in the months of May and October each Each testing event consisted of two glass slides of semen smears that
in the years of 1996, 1997 and 1998 (six testing distributions, 12 were stained with eosin–nigrosin prior to shipment. The laboratories
samples total). Individual laboratories opted to enrol in one or more were instructed to perform sperm vitality assessment according to
of the programmes. The number of laboratories participating in each their usual method, and to record percentage viable in whole numbers.
programme for each testing event is provided in Table I. Each
individual PT sample was prepared or aliquotted from a single large Statistical analysis
well-mixed pool of human serum or semen. Thus, within practical The values for reported morphology were given in percentage and
limitations, each laboratory performed analysis on the same specimen. were subjected to arc sin transformations (arc sin of the square root
The samples were coded in such a fashion that the participating of the proportion) to achieve a Gaussian distribution (Neuwinger
laboratory did not know whether the specimen would be ‘normal’ or et al., 1990) prior to calculation of CV.
‘abnormal’.

ASAB programme Results
Each testing event consisted of two aliquots (vials) of pooled, heat Approximately 80% of laboratories indicated that they utilized
inactivated human serum. The samples were prepared so that one

the Immunobead procedure for detecting antibodies, comparedcontained measurable tiers of ASAB (i.e. ‘positive’) and the other
with ~15% of laboratories using the MAR method and 5%sample did not (i.e. ‘negative’). The participating laboratories were
using ‘other’ procedures (data not shown). Percent agreementinstructed to allow the specimens to reach room temperature just
among the participating laboratories of the presence or absenceprior to testing, and to perform the ASAB testing according to the
of ASAB in the PT samples was high, averaging 95% agree-laboratory’s usual method. Results were recorded as either negative

or positive only. Only one reporting method was allowed, and the ment overall (Table II).
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Table IV. Coefficient of variation (CV) and mean sperm concentrationTable II. Percentage agreement of laboratories participating in the antisperm
antibody proficiency testing programme on the presence (positive) or (�106/ml) for the sperm count proficiency testing programme
absence (negative) of antibodies

Sample Manual CASA Concentration
Sample % agreement Result

1 30 99 5.5
2 81 29 42.41 97 Positive

2 100 Negative 3 101 24 35.1
4 91 26 9.23 97 Negative

4 97 Positive 5 35 62 49.9
6 59 87 19.35 97 Negative

6 97 Positive 7 80 81 21.4
8 138 84 47.67 84 Positive

8 97 Negative 9 113 31 30.4
10 105 27 57.89 92 Positive

10 98 Negative 11 72 28 45.9
12 54 59 15.711 98 Negative

12 93 Positive Mean�SE 80 � 9 53 � 8
95% confidence interval 62–98 37–69Mean � SE 95.6 � 1.2

95% confidence interval 93.2–97.9

edition), while 8% of participating laboratories still use less
Table III. Number (%) of laboratories participating in the sperm count stringent ASCP criteria. The participating laboratories which
proficiency testing programme according to the method and counting

used the less stringent ASCP criteria for judging spermchamber used for counting spermatozoa
morphology tended to report morphology values in the ‘normal

Method Chamber Number % of total % of method range’ for that method, while those laboratories who used the
more stringent strict criteria tended to report ‘abnormal values’

Manual Haemocytometer 291 53 64 for sperm morphology in the challenge samples (Table VI).
Makler 116 21 26

The possible exception to this observation is in sample 8,Micro-Cell 15 3 3
Cell-Vu 32 6 7 which was classified as markedly teratozoospermic by all

CASA Makler 53 10 55 criteria. The extreme variation according to the criteria used
Micro-Cell 41 7 2

by laboratories for reporting ‘normal’ and ‘abnormal’ spermCell-Vu 2 �1 2
morphology is further evident when the overall mean results
for each of the 12 samples are presented (Table VI). The CVData represent the results from the most recent (October 1998) challenge

only (representative data). CASA � computer assisted semen analysis. of reported sperm morphologies ranged widely from 7 to 56%,
depending upon the method and sample (data not shown). The

Approximately 15% of participating laboratories used the less stringent ASCP method yielded the lowest overall CV
CASA system. Because differences in estimating the number (21%), while the more stringent WHO and strict methods
of spermatozoa in the PT sample may be related to the choice resulted in much higher CV (~33 and 50% respectively).
of counting chamber, participants were further asked to indicate The reported range of percentage viable spermatozoa in the
the type of chamber used in their determinations (Table III). 12 challenge samples ranged from a low of 6.3% viable to a
Data from the most recent PT challenge indicate that of the high of 82.3% viable. Good agreement among the laboratories
laboratories reporting sperm count by CASA, 55% used the participating in this programme was observed, with an overall
Makler chamber, compared with 43% using Micro-Cell and a CV of ~18% (Table VII).
small percentage using Cell-Vu chambers. The re-usable count-
ing chambers were the choice of a majority of laboratories

Discussionperforming a manual sperm count (64% used the haemocyto-
meter and 26% used the Makler chamber). The coefficient of The importance of PT in this area of clinical laboratory

medicine has been discussed (Byrd, 1992; Gerrity, 1993; Keel,variation (CV) of reported sperm counts for laboratories
performing a manual sperm count ranged widely from 30– 1998; Cooper et al., 1999) and several preliminary attempts,

involving a relatively small number of participating138% compared with a CV range of 24–99% for laboratories
reporting sperm counts by CASA (Table IV). The reported laboratories, have been made to implement inter-laboratory

comparisons of various andrology testing procedures (Jequiersperm concentrations according to counting chamber type and
method, for the most recent challenge (representative data), and Ukombe, 1983; Ayodeji and Baker, 1986; Neuwinger

et al., 1990; Walker, 1992; Matson, 1995; Coetzee et al.,are shown in Table V. These data illustrate the large variation
and range (10- to 100-fold) of reported values for this PT 1999). The results presented herein represent the first report

of a large-scale nationwide proficiency testing programme inprogramme.
More laboratories (40%) reported using the strict criteria andrology.

The routine semen analysis involves the morphologicalthan any other single method for determining normal sperm
morphology. Interestingly, ~8% of participating laboratories evaluation of live, motile cells. Preparing live, motile sperm

samples in large enough numbers to offer wide distributioncontinue to use the older version of the WHO method (2nd
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Table V. Reported sperm concentrations in the sperm count PT programme according to the method and
counting chamber used to count spermatozoa

Sample 11 Sample 12

Method Chamber Mean Range SD Mean Range SD

Manual Haemotocytometer 49.6 3–492 37.8 16.5 2–147 9.9
Makler 44.9 5–320 28.1 14.7 3–31 4.2
Micro-Cell 35.1 24–53 9.6 14.2 6–40 8.0
Cell-Vu 37.7 29–47 4.5 12.8 6–16 2.3

CASA Makler 41.7 15–72 11.4 16.8 8–84 11.6
Micro-Cell 38.6 4–82 11.5 13.6 8–26 4.0
Cell-Vu 36.5 27–46 13.4 15.5 15–16 0.7

Data are the results of sample 11 and sample 12 from the most recent (October 1998) challenge only
(representative data). Sperm count is shown as the mean reported concentration and range (�106/ml) and SD
of all laboratories using the indicated method and counting chamber.

ing and fixed semen smears for morphology determinations.
Table VI. Reported mean sperm morphology (% normal forms) in the Although the use of batched, premade semen smears eliminates
sperm morphology proficiency testing programme according to the criteria

the potential variation associated with individual slide prepara-used for judging morphologically normal spermatozoa
tion, it is recognized that this approach also precludes the

Sample ASCP Strict WHO2 WHO3 comparison of the effect that this variation may have on
individual laboratory performance. Furthermore, suspensions

1 80.7 10.8 35.2 28.8 of fixed spermatozoa can be problematic for the participating
2 70.0 11.1 43.1 30.2

laboratories, in that spermatozoa cell settling and clumping3 73.2 7.6 41.6 26.0
4 79.8 10.8 50.4 33.4 necessitates mixing of the specimen prior to analysis, and
5 77.8 8.8 42.2 34.9 failure to mix the specimens carefully could result in erroneous
6 68.8 9.9 40.3 35.3

results. The use of cryopreserved semen would appear to be7 81.5 15.0 54.0 43.6
8 47.5 2.7 23.0 14.8 a viable alternative of sample preparation, in that the ‘live’
9 68.7 5.3 36.0 24.7 nature of the specimen is preserved. However, several reports10 72.5 15.7 49.5 41.9

have indicated a lack of consistency between aliquots of frozen11 74.9 13.9 51.8 41.6
12 70.0 12.2 47.2 39.3 semen when used for inter- and intra-laboratory variation

determinations (Cooper et al., 1992; Muller, 1992; Clements
ASCP � American Society of Clinical Pathologists. et al., 1995). While the assessment of sperm motility necessi-For criteria groups, see Materials and methods section on Sperm

tated the use of cryopreserved specimens in two previousmorphology programme.

studies (Neuwinger et al., 1990; Walker, 1992), the high cost
and inconvenience of cryopreserving and shipping the frozen

Table VII. Coefficient of variation (CV), mean � SE and 95% confidence semen makes this approach unrealistic on a large scale (Cooper
interval (CI) of percentage vital sperm for the sperm vitality PT programme

et al., 1999). The use of videotapes of fresh ejaculates, whichsamples
can be duplicated from a master tape and distributed relatively

Sample CV% % vitality 95% CI inexpensively, is being evaluated as a suitable alternative for
PT programmes in sperm motility.

1 14 44.5 � 0.8 (42.9–46.1) The vast majority of laboratories participating in the
2 32 6.3 � 2.5 (1.4–11.2)

sperm count programme employed manual, non-automated3 13 47.7 � 0.7 (46.3–49.1)
4 10 64.5 � 0.8 (62.9–66.1) methods for counting spermatozoa. Furthermore, more
5 18 28.6 � 0.4 (27.8–29.4) laboratories used the standard haemocytometer than any
6 10 67.3 � 0.6 (66.1–68.5)

other counting chamber. Baker et al. (Baker et al., 1994)7 24 53.5 � 1.1 (51.3–55.6)
8 30 28.3 � 0.7 (26.9–29.7) surveyed 129 acute care community hospitals in the United
9 22 21.7 � 0.4 (20.9–22.5) States and found that when these laboratories performed10 8 65.9 � 0.5 (64.9–66.9)

semen analyses, they tended to use more conventional11 6 82.3 � 0.4 (81.5–83.1)
12 25 24.4 � 0.5 (23.4–25.4) methods, including the use of the haemocytometer for sperm
Mean � SE 18 � 2 counts. Only 1.6% of hospital clinical laboratories surveyed95% CI 14–22

performed automated semen analysis and only 3.1% used a
Makler counting chamber (Baker et al., 1994). Thus, the
preference of methods for sperm counting and the selectionpresents a unique challenge for proficiency testing and inter-
of counting chambers may, in many cases, reflect the typelaboratory comparisons. Rather than using cryopreserved
of clinical services and level of expertise provided by thespecimens (Neuwinger et al., 1990), we and others chose to

send stable suspensions of fixed spermatozoa for sperm count- participating laboratory.
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Wide variations in sperm concentrations between laborat- Health Organization or strict criteria for morphology determina-
tions. However, the remainder of participating laboratoriesories (CV ranging from 10 to 65%) have been previously

reported for both manual (Jequier and Ukombe, 1983; used the much less stringent ASCP criteria, or some other
undefined protocol. It is evident from the data that overall,Neuwinger et al., 1990; Walker, 1992; Matson, 1995) and

CASA (Walker, 1992) methods. The results of the sperm count those laboratories using the ASCP criteria tended to classify
the PT samples as normal while those laboratories using thePT programme presented herein, from participants representing

a wide spectrum of clinical laboratory settings and expertise, strict criteria tended to classify the PT samples as teratozoo-
spermic.demonstrated alarmingly high CV and wide ranges in reported

sperm concentrations. Indeed, reported sperm concentrations Considerable variation exists when comparing results of
sperm morphology both between and within laboratoriesamong the participating laboratories varied by as much as two

orders of magnitude, indicating a sperm concentration of (Jequier and Ukombe, 1983; Ayodeji and Baker, 1986;
Neuwinger et al., 1990; Clements et al., 1995; Matson, 1995;3�106/ml in one laboratory, and 492�106/ml in another for

the same sample. This variation appeared to be greater when Coetzee et al., 1999). In this study, a high degree of variation
among laboratories participating in the morphology programmeresults were compared among laboratories using manual

methods versus CASA, which may reflect the expertise of the is reported, with CV ranging from 15 to 93%. Interestingly,
the greatest variation was observed among laboratories usingreporting laboratory. However, it should be pointed out that

the type of CASA system used by the participating laboratory the most stringent criteria (strict) while the least variation was
found among laboratories using the less stringent (ASCP). Itwas not requested. Unless standardized procedures are agreed

upon and strictly followed (Davis and Katz, 1992), differences should be pointed out that one must use caution when comput-
ing and comparing CVs among criteria that use vastly differentmay exist between CASA systems in the ability to provide

accurate values for sperm concentrations (Gill et al., 1988; percentages as normal ranges. The use of strict criteria results
in a significant reduction in the mean values obtained, whichMahony et al., 1988; Agarwal et al., 1992; ESHRE Andrology

Special Interest Group, 1998). This may account for at least results in an increase in the CV (Clements et al., 1995)
analogous to the precision profiles of assays in which increasedpart of the observed variation. Improper specimen handling

(see above) and potential clerical and data entry/recording variation is observed at lower analyte concentrations (Cooper
et al., 1999). This fact, coupled with the statistical concernserrors (see below) notwithstanding, the data presented herein

suggest gross unreliability in the results of sperm concentrations of calculating the variance of proportions, necessitated the use
of data transformation prior to determining CV. Thus, thereported by some clinical laboratories. They also highlight the

urgent need for thorough technician training and the use of range of CV reported herein would be even greater if the data
had not been transformed before analysis. Along these samecareful, standardized procedures and regular internal quality

control evaluations (Mortimer et al., 1986; Mortimer, 1994). lines, in order to obtain the same statistical confidence,
more spermatozoa must be counted when using a criterionIt has been argued that of all individual semen parameters,

sperm morphology is most closely related with fertility poten- representing a low percentage of normal forms compared with
a criterion which established a higher percentage of normaltial (Kruger et al., 1986, 1988; Ombelet et al., 1995). However,

it is also recognized that there is considerable variation in this forms (Davis and Gravance, 1993; Coetzee et al., 1999). We
did not determine or standardize the number of spermatozoadetermination (Jequier and Ukombe, 1983; Dunphy et al.,

1989; Neuwinger et al., 1990; Baker et al., 1994). Reasons counted by the individual laboratories participating in this PT
programme, and this may have contributed to some of thefor this variation include lack of standardization (Chong et al.,

1983; Dunphy et al., 1989), differing techniques of smear observed variation.
There appears to be only one other report which evaluated thepreparation and staining procedures (Davis and Gravance,

1993), and the level of technical expertise (Dunphy et al., performance of sperm vitality determinations among different
laboratories (Walker, 1992). In that study, large CVs were1989; Neuwinger et al., 1990). Lack of standardization can

make it difficult if not impossible to compare results from reported, ranging from 42 to 90%. In contrast, relatively low
CV were noted among the laboratories participating in this PTone laboratory to another. Although some investigators have

supported the use of computerized morphological assessments programme. This previous study (Walker, 1992) collected data
from a relatively few laboratories, and each participant was(i.e. CASA) as a means to establish standardization and reduce

variability (Barroso et al., 1999; Kruger and Coetzee, 1999), required to prepare and stain their own semen smears. In
contrast, in the current study, premade and prestained smearsothers have concluded that the current generation of CASA

instruments is not capable of analysing human sperm morpho- were provided, which would have eliminated the variation
associated with this process. Nevertheless, the data indicate thatlogy in a manner adequate for routine clinical applications

(ESHRE Andrology Special Interest Group, 1998). Complicat- good agreement and interpretation of viable versus nonviable
spermatozoa can be obtained among laboratories.ing the standardization issue is the fact that little consensus

exists on the most appropriate classification system. In a recent There are recognized shortcomings of PT. The results
reported by PT participants represent a concurrence, or agree-survey of 410 fertility centres from all over the world, a

wide and complex variation was found in different sperm ment upon a certain value, rather than a reflection of the actual
value of the analyte measured. For example, a large majoritymorphology classification systems employed (Ombelet et al.,

1997). In the current study, approximately two-thirds of the of participating laboratories could agree on a certain value,
yet be incorrect in estimating the true value (i.e. PT measuresparticipating laboratories utilized the more standardized World
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