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Abstract
Purpose To determine the precision and accuracy of Accu-
Beads and their utility as a quality control product for manual
and automated measurements of sperm concentration.
Methods This observational study was performed at an
Assisted Reproductive Technology laboratory in a tertiary-
care, university hospital. To simulate sperm concentration,
bead concentrations were measured with the use of a manual
and an automated method.
Results The manual counts did not vary significantly from the
automated counts regardless of the concentration. However,
the counts did vary between lots of low concentration of
Accu-Beads and between the two different types of fixed
counting chambers. The two bead concentrations used in this
study were below the 95 % confidence interval for the values
listed by the manufacturer.
Conclusion(s) In our laboratory, Accu-Beads met enough of
the requirements of a good control material to be acceptable for
daily quality control use, especially if we set our own ranges of

acceptability for each vial of Accu-Beads. It is necessary to
evaluate each new lot of Accu-Beads when they are received
and again if they are used with a different counting chamber.

Keywords Accu-Beads . Computer automated semen
analyzer . CASA . Quality control . Semen analysis

Introduction

The ability to verify the accuracy and precision of a diagnostic
test is essential, especially in the medical field. The semen
analysis is no exception.

Measurement of sperm concentration can be performed
manually or with automation via the computer automated
semen analyzer (CASA). The potential of imprecision of an
analytical semen analysis method falls into four areas: 1) the
instrumentation used to evaluate the semen specimen, 2) the
counting chamber used, 3) the inter-personnel differences in
technique, and 4) the analyte.

The CASA is primarily computer-driven and operator inter-
vention is required only in selecting fields for analysis and
reviewing results. Algorithms used to determine sperm concen-
tration and motility characteristics are programmed into com-
puter software and cannot be changed by the operator. Further-
more, parameter settings (either preset by the manufacturer or
developed by the operator) do not change from analysis to
analysis. In addition, the CASA requires no external reagents
and once initial calibration has been performed, little to no re-
calibration of the CASA by the operator is needed.

Previous experiments have determined that a disposable
microscope slide with a fixed depth and volume, such as the
MicroCell (Vitrolife, Englewood, Colorado), is the most accu-
rate chamber available to evaluate semen [1, 2]. The chamber
fills by capillary action and cannot be over-filled. If the chamber
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is under-filled, air bubbles are easily seen and the chamber can
be discarded. As for accuracy of the MicroCell, we previously
reported that, when used with a CASA, it has its maximum
effectiveness when the range of sperm concentration is 20×
106 M/mL to 149×106 M/mL [1].

Laboratory personnel can introduce error into an analytical
method with poor specimen handling techniques [3]. Techni-
cians can inadequately mix a specimen and thus introduce
error before sampling. Other sources of technician-introduced
error include improper specimen dilution, improper pipetting
techniques, and incorrect loading of counting chambers. Prop-
er training and periodic review of work habits of andrologists
will help insure that they perform semen analyses correctly
and in a similar manner [4].

Characteristics of the analyte in question may also contrib-
ute error to a method, particularly if the analyte is semen.
Because semen is a nonhomogeneous fluid, it is difficult to
obtain an even distribution of sperm cells in seminal plasma
[5]. In addition, motility of sperm decreases over time [1]. In
our laboratory, sperm cells appear to aggregate with each other
and with debris in seminal plasma over time.

Characteristics of a good control material include 1) simi-
larity to actual patient specimens; 2) availability in large
enough quantities to allow evaluation over a long time; 3)
availability in concentrations representative of normal values
or medical decision-making levels; 4) similarity in concentra-
tion drop-to-drop and vial-to-vial (precision); and 5) stability
over a long time (a year or more) [6].

Previously, we reported that a semen-based quality control
product (Semen CMC, Conception Technologies, San Diego,
CA) proved too unreliable as a daily-use quality control
material for semen analysis when used with a CASA [7].
Accu-Beads (Hamilton-Thorne Research, Beverly, MA), latex
spheres suspended in an aqueous solution, are also sold as a
control material. These latex beads are similar in size to sperm
heads [7] and are available in two known concentrations–
35 M/mL (High) and 18 M/mL (Low). In addition, the beads
are available in large quantities and are stable for years. The
only drawback to these beads is that they do not simulate an
actual semen specimen because of their lack of motility [7].

The purpose of this study is to determine precision and
accuracy of Accu-Beads and their utility as a quality control
(QC) product for manual and automated measurements of
sperm concentration.

Materials and methods

Background

This was a single-center, observational study conducted in
Greenville, South Carolina at a university hospital-based
Assisted Reproductive Technology practice. We conducted

this study between December 16, 2011 and September 15,
2013. Because no patient data were involved, this study did
not require Internal Review Board approval.

Qualifications of laboratory personnel

Earlier investigations have reported variability among techni-
cians [8]. By limiting the number of individuals responsible
for assessing the various properties of semen analysis and
ensuring that the andrologists are well trained in semen anal-
ysis, variability can be reduced [8–10]. We used two well-
trained technicians for this study.

CASA information

The CASA used for this study was the Sperm Class Ana-
lyzer® (SCA; Version 5.1, Fertility Technology Resources,
Inc., Marietta, GA). Our CASA consisted of a computer
and monitor, a digital camera attached to a microscope, and
a printer. We loaded Accu-Beads onto a MicroCell and
placed the slide onto the microscope stage. Images of the
beads were passed through the camera to a monitor and
stored in the computer. Twenty-five digital images were
captured per second. On the basis of a formulation that
included depth of the chamber used, calibration of the
system and specific algorithms, bead concentration was
determined, or in the case of sperm, concentration and
trajectory of individual sperm were determined.

The importance of reporting CASA parameter settings has
been alluded to previously [11]. The parameter settings that
we used for evaluating the Accu-Beads are listed below. A
minimum of two samples, three fields per sample, and at least
200 beads were analyzed per Accu-Bead vial per day.

The standard parameter settings used with the SCAwere as
follows: frames acquired: 25; frame rate: 25; minimum con-
trast: not used in SCA, it automatically selects the best value;
minimum size: 2; maximum size: 60; LO/HI size gates: not
used in SCA; LO/HI intensity: not used in SCA; nonmotile
head size: 2; and nonmotile brightness head intensity: not used
in SCA. While not used to measure Accu-Beads, the follow-
ing settings are still preset in the CASA program: medium
path velocity (VCL): 35; low VCL value: 15; slow cells
motile: 10; threshold straightness (STR): 80; number of points
to calculate the VAP: 5; and minimum number of points: 10.

Procedure

Experiment 1 The stated concentrations of Accu-Beads on the
vials were 35±5M/mL (Vial 1) and 18±2.5 M/mL (Vial 2). A
five-μL sample from a well-vortexed aliquot of each vial
of beads was placed on a MicroCell counting chamber and
allowed to settle. After the beads settled, we analyzed them via
two methods: 1) manually with the use of a bright-field
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microscope and 2) computer automated semen analysis with
the use of SCA. The MicroCell chambers were analyzed in
duplicate and the duplicate results were averaged; therefore,
each day of analysis produced two results for Vial 1 (one
manual and one automated) and two results for Vial 2 (one
manual and one automated).

Experiment 2 We used the same procedures as described in
Experiment 1 except we utilized a different lot number of Low
and High concentration Accu-Beads and we used a Standard
Count fixed slide (Leja Products, The Netherlands) to deter-
mine if there were differences between lots of Accu-Beads as
well as differences in counting chambers.

Definition and application of Westgard quality control rules

In 1981,Westgard and coworkers published a series of control
rules that are now commonly referred to as “Westgard Rules”
[6]. When used in combination with a Shewhart quality con-
trol chart (an X versus Y graph that demonstrates mean and
standard deviation [SD] of repeatedmeasurements of a control
product), Westgard Rules provide a simple statistical proce-
dure to determine whether observed control measurements
represent stable or unstable performance of an analytical
method. When used with a stable control material that is
analyzed repeatedly over a long time, Westgard Rules can tell
an investigator when an analysis method is “out of control”
and when subsequent patient data should not be used by a
physician to make diagnostic decisions.

Six quality control rules that we used to evaluate data are
listed in Table 1. A minimum of two control rules should be
used, one that detects random analytical error (error that

occurs on both sides of the mean) and one that detects sys-
tematic error (error that occurs on only one side of the mean).
This way, the control rule violated will indicate the type of
error that arises and will aid in problem solving (or trouble-
shooting). Simultaneous use of several rules can improve
performance of a test procedure and minimize false rejection
of test results. The rules can be applied “within” a control
material if only one level of control is run, or “across” control
materials if two levels of control are run.

Figure 1 shows an algorithm for the order of application of
Westgard Rules “across” two control levels. In practice, control
materials are run at specified intervals (i.e., daily, at every shift
change, with every batch of patient specimens) and results
graphed on a Shewhart quality control chart. In this way, a
large volume of data is readily available for inspection and the
application of control rules can be easily accomplished.

This simple statistical control procedure lends itself well to
the control of Clinical Chemistry methods where, for example,
the analyte being tested is glucose and a supply of stable
glucose control material is readily available. However, in our
case, we have a very stable method (the CASA plus the
MicroCell), but the stability of control material (Accu-
Beads) is in question and this is what we intend to investigate.

Statistics

Two concentrations of beads (Vial 1 and Vial 2) were counted
each day for 60 days. The first 30 results from each method of
analysis (manual and CASA) were used to calculate means
and standard deviations (SD). We used the means and SD to
calculate mean ± 1 SD, mean ± 2 SD and mean ± 3 SD ranges
(See Table 2).

Table 1 Definitions of Westgard quality control rules

Control rule Definition Type of error detected

12s One control observation exceeds control limits set as the mean ± 2SD. This is the
“warning” rule for a Shewhart chart signaling need for additional inspection of
control data using additional control rules.

__

13s A run is rejected when a single control measurement exceeds control limits set as
the mean ± 3SD. This is the usual “action” or rejection limit on a Shewhart control chart.

Random

22s A run is rejected when two consecutive control measurements exceed the same limit,
either the mean + 2SD or the mean–2SD. This rule can be applied “within” materials
(consecutive observations on the same control material) or “across” materials
(consecutive observations on different control materials).

Systematic

R4s A run is rejected when the range or difference between two control observations within
a run exceeds 4SD. In other words, one control observation exceeds a + 2SD limit and
the second control observation exceed a–2SD limit for a total of 4SD difference between them.

Random

41s A run is rejected when four consecutive control observations exceed the same limit, which
is the mean + 1SD or the mean–1SD. Consecutive observations can occur within one control
material or across control materials.

Systematic

10Mean A run is rejected when 10 consecutive control observations fall on the same side of the mean.
Consecutive observations can occur within one control material or across control materials.

Systematic
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In Experiment 1, we used means, SDs, and SD ranges to
construct Shewhart quality control charts for each Accu-Bead
concentration and each analysis method (four charts). For the
next 30 days, two concentrations (Vial 1–High and Vial 2–Low)
of Accu-Beads were analyzed with the use of two methods
(manual and CASA) and the averaged daily results were plotted
on the appropriate control chart (see Figs. 2, 3, 4 and 5).

In Experiment 2, we used a similar approach to that of
Experiment 1 except that we analyzed a different lot of the two
concentrations of Accu-Beads. In addition, we used a different
fixed counting chamber.

We used a t test to determine whether there was a signif-
icant difference (significance set at P <.05) between CASA
and manual counts of high and low bead concentrations. We
used a 95 % confidence interval to determine closeness of the
relationship between our bead concentration values and those
of the manufacturer. We used the “t test” command in Excel to
calculate the t test and PEPI software version 4.0 was incor-
porated to calculate the 95 % confidence intervals. We pro-
duced the r2 values for the correlation between manual and
CASA counts for Accu-Beads controls with the use of scatter-
plot from SPSS Version 16.0. We did not make changes to the
trial outcomes after the trial commenced nor did we conduct

an interim analysis and thus we assessed these values at the
end of the trial. No data were lost.

Results

Experiment 1

The means ± 1SD in M/mL for two vials of Accu-Beads
analyzed by two different methods were as follows: Vial 1
CASA, 42.7±3.48; Vial 1 Manual, 42.6±3.45; Vial 2 CASA,
22.8±2.21; and Vial 2 Manual, 22.9±2.81 (Table 2). The
CASA counts did not vary significantly from manual counts
for Vial 1 (P=0.876) or for Vial 2 (P=0.592). The bead
concentrations determined by the manufacturer for each vial
(Vial 1, 35±5 M/mL; Vial 2, 18±2.5 M/mL) were below the
95 % confidence interval of the manual and CASAvalues we
obtained (Table 2).

Experiment 2

When we used the MicroCell chambers, there was no
difference between the manual and CASA methods when
we evaluated Vial 1 (P=0.67) or Vial 2 (P=0.97) of the
Accu-Beads (Table 3). A similar finding was observed
when we used the Standard Count chambers to analyze
the Accu-Beads (Vial 1, P=0.44 and Vial 2, P=0.32)
When we compared the two counting chambers, there
were significant differences between counts of Vial 2
Accu-Beads (P <0.0001) for both manual and CASA
counts. These same highly significant differences (P <0.0001)
appeared when we made similar comparisons using Vial 1
Accu-Beads.

Furthermore, when we compared the manual method of
counting the two different lots of Vial 2 Accu-Beads, the
P value was 0.002. When we compared the CASA values
for the same two lots of Vial 2 Accu-Beads, we found aP value
of 0.0006. However, we did not find significant differences
between the two lots of Vial 1 Accu-Beads when we counted
them manually (P=0.15) or with a CASA (P=0.16).

Apply the 12s rule

No 12s limit violations One or more 12s limit violations

Run is in control – accept Apply the 13s, 22s, R4s, 41s and
the analytical run 10Mean control rules

No rule violations Any one of the above rules is 
violated

Run is in control – accept the Run is out of control – do not
analytical run accept the analytical run –

determine the type and source 
of error

Fig. 1 Algorithm demonstrating the application of Westgard quality
control rules across control materials

Table 2 From experiment 1–means, standard deviations (SD), mean ± 1, 2 and 3SD ranges, and confidence intervals (CI) calculated from the first 30
counts of two levels of Accu-Beads with the use of two different analysis methods

Item N Mean (M/mL) SD (M/mL) ± 1SD range ± 2SD range ± 3SD range CI

Vial 1–manual 30 42.6 3.45 39.2–46.0 35.7–49.5 32.2–53.0 41.30–43.89

Vial 1–CASA 30 42.7 3.48 39.2–46.2 35.7–49.7 32.2–53.1 41.40–44.0

Vial 2–manual 30 22.9 2.81 20.1–25.7 17.3–28.5 14.5–31.3 21.85–23.95

Vial 2–CASA 30 22.8 2.21 20.6–25.0 18.4–27.2 16.2–29.4 21.98–23.62
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Application of Westgard Rules to data plotted on QC charts

Experiment 1–lot 1 of Accu-Beads Vial 1 manual data analy-
sis of 30 Accu-Bead counts plotted on a QC chart (Fig. 2)
revealed two rule violations. The 20th result and the 26th
result violated the 12s rule; one result fell above the mean,
the other fell below the mean.

Vial 1 CASA data analysis of 30 Accu-Bead counts plotted
on a QC chart (Fig. 3) revealed three rule violations. The first
15 results all fell below the mean, a violation of the 10Mean

rule. The 20th result and the 26th result violated the 12s rule;
one result was above the mean, the other fell below the mean.

Vial 2 manual data analysis of 30 Accu-Bead counts plot-
ted on a QC chart (Fig. 4) revealed one rule violation. The
20th result violated the 12s rule–the result was above the mean.

Vial 2 CASA data analysis of 30 Accu-Bead counts plotted
on a QC chart (Fig. 5) revealed one rule violation. The 20th
result violated the 12s rule–the result was above the mean.

For high and low Accu-Bead controls, the reported r2

correlation coefficients were .693 for the high bead concen-
tration (Vial 1) and .749 for the low bead concentration (Vial
2). These correlation coefficients provide a modest degree of

association between Accu-Beads controls counted by comput-
er and manual methods.

Experiment 2–lot 2 of Accu-Beads When we applied
Westgard Rules to data obtained from the use of theMicroCell
chambers, the only rule violation that occurred was the 12s
“warning” rule. This occurred once for the Vial 1 manual
method, twice for the Vial 1 CASA method, and twice for
the Vial 2 manual method. There were no rule violations for
the Vial 2 CASA method.

Whenwe appliedWestgard Rules to data obtained from the
use of the Standard Count chambers, the only rule violation
was the 12s rule. This occurred once for the Vial 1 manual
method, once for the Vial 1 CASA method, twice for the Vial
2 manual method and once for the Vial 2 CASA method.

Discussion

In Experiment 1, we examined two known concentrations of
Accu-Beads to determine their accuracy and precision as a
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quality control product and usedWestgard Rules as criteria for
acceptability. When we applied Westgard Rules to 30-days’
worth of Accu-Bead data graphed on QC charts, only one rule
violation occurred that indicated the presence of systematic
error in our QC method. This was the 10Mean rule violation
that occurred when we analyzed Vial 1 of the Accu-Beads on
the CASA. The cause of the systematic error could be slight
day-to-day differences in the way the investigator handled and
analyzed the Accu-Beads. For example, inadequate mixing of
the beads pre-sampling or slight differences in the way the
MicroCell chambers were loaded. Whatever the reason, the
problem self-corrected and the Accu-Beads performed well
during the rest of our investigation.

The only other rule violated was the 12s rule. This is the
“warning” rule that signals the need for further inspection of
QC data. In all instances, further data inspection revealed no
other rule violations and, therefore, we would have accepted
an analytical run. This indicates that, with the exception noted
above, the Accu-Beads performed with acceptable precision
and accuracy.

Four factors help determine the reliability of the analytical
method chosen for semen analysis. They are 1) instrumenta-
tion, 2) counting chamber, 3) investigator variability, and 4)
stability of control materials.

In our laboratory, CASA has proven to be a very stable
instrument. On a daily basis, stored digital images are analyzed
with the use of a constant set of analysis parameters. The CASA
is so repeatable that results are virtually identical to the first digit
to the right of the decimal point each day. In fact, semen
analyses via CASA systems have proven to produce more
reproducible results than the standard manual analyses [12].

We have previously demonstrated that the MicroCell
chamber is the superior counting chamber for the determina-
tion of sperm concentration and motility used either with
manual or CASA analysis [2]. In this study and as we previ-
ously reported [1], there was a high degree of correlation
between manually and CASA-analyzed MicroCell chambers.

Variations in analysis technique among investigators can
introduce large errors into an analysis process [3, 13, 14]. For
a semen analysis, these errors may include mixing errors,
dilution errors, chamber-filling errors, and other subtle differ-
ences that may contribute to method error. Studies in our
laboratory [2] and previous performance testing of our labo-
ratory personnel have demonstrated no differences among
investigators. Laboratory personnel also participate in semi-
annual proficiency testing where their performance in analyz-
ing semen is compared not only to other andrologists within
their own laboratory, but to andrologists in numerous other
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laboratories. Therefore, we feel this part of the analysis pro-
cedure is also stable.

Ideally, a semen-based control product should be used for
QC of semen analyses. However, we previously investigated
and reported on the unsuitability of one semen-based product,
Semen CMC [7]. Although Semen CMC met many of the
requirements of a good control material, in our hands, it proved
too unstable for daily QC use. Also, Semen CMC needs to be
stored in liquid nitrogen; this is an additional disadvantage for
those laboratories that cannot meet this requirement.

Accu-Beads are an aqueous solution of latex beads that are
similar in size to sperm heads. They are available in two
known concentrations, are stored at room temperature and
carry a long out-date. To ensure repeatability of results,
andrologists must take care to mix vials of beads sufficiently
before removing an aliquot for analysis. They must also
securely re-cap vials to prevent evaporation of aqueous sub-
strate, which would falsely elevate bead concentrations. The
main disadvantage of Accu-Beads is that they do not allow for
evaluation of motility.

We did discover differences between counting chambers
and different lots of Accu-Beads. There appears to be a

difference in fixed counting chambers that needs to be inves-
tigated. This is true regardless of the Accu-Bead concentra-
tions. There also appears to be a difference in different lots of
low concentration Accu-Beads, but not in the high concentra-
tion beads, which also should be studied further.

In Experiments 1 and 2, our average counts of both levels
of Accu-Beads were consistently outside upper concentration
ranges supplied by the manufacturer. This does not necessarily
mean that the beads are an inferior QC material or that our
methods of analysis are poor. What it does stress is how
important it is for andrologists in each laboratory to develop
acceptable QC ranges on the basis of performance of the QC
material in their particular laboratory. Different methods of
semen analysis are employed by individual laboratories and
different algorithms are employed in different CASA systems,
thus the data cannot be easily compared among laboratories
[15, 16]. Furthermore, laboratory personnel should recalculate
QC ranges periodically as additional QC data are collected.

The variation in technique among laboratory personnel can
contribute to error in a routine semen analysis [3]. However,
ensuring laboratory personnel are consistent and up-to-date
with current semen analytical techniques provides, at least,
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some level of assurance that andrologists are performing mea-
surements of sperm concentration correctly and in a similar
manner [10, 17]. Accuracy and precision among andrologists
with the use of Accubeads in a QC program adds another layer
of assurance that andrology procedures are being performed

correctly. Unfortunately, Accu-Beads only simulate concentra-
tion and provide no means of analyzing other properties of
sperm. On the other hand, if manual and CASA analyses of
beads are comparable, this provides assurance that either meth-
od is providing quality results [12, 16].

We use the manual method of measuring sperm concentra-
tion if the concentration is lower than 10×106/mL; however,
for sperm concentrations greater than 10×106/mL in semen
specimens without marked cellular debris, we use the CASA
method of semen evaluation. Therefore, it is logical that a
laboratory that employs a CASA should be prepared to per-
form semen evaluation with both methods and thus both
methods of analyzing AccuBeads for semen analysis QC
should be performed on a daily basis.

In conclusion, Accu-Beads meet enough of the requirements
of a good control material to be acceptable for daily QC use in
our laboratory. Used in conjunction with digital images stored on
CASA to evaluate sperm motility, Accu-Beads are a valuable
tool to ensure that our methods for measuring sperm concentra-
tion operate properly. Other andrologists should evaluate this
product to insure that Accu-Beads can be used successfully in
their laboratory environments.
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Table 3 From experiment 2–means and standard deviations (SD) of a
second lot of Accu-Beads with the use of the MicroCell counting cham-
ber and the Standard Count counting chamber

Item Method N Mean ± SD (M/mL) P value

MicroCell Manual 30 21.1±1.3 0.97
CASA 30 21.1±1.3

Manual 30 41.5±1.9 0.67
CASA 30 41.7±1.6

Standard count Manual 30 17.9±1.9 0.32
CASA 30 17.5±1.2

Manual 30 37.4±3.6 0.44
CASA 30 36.9±2.0

Samples counted manually and with a computer automated semen ana-
lyzer (CASA)
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