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Automation is the key to standardized semen analysis
using the automated SQA-V sperm quality analyzer
Ashok Agarwal, Ph.D., H.C.L.D.,a,b and Rakesh K. Sharma, Ph.D.a,b

a Reproductive Research Center, Glickman Urological Institute; and b Department of Obstetrics-Gynecology, Cleveland Clinic
Foundation, Cleveland, Ohio

Objective: To evaluate the performance of the automated semen quality analyzer system for assessing sperm
quality.
Design: Double-blind prospective study.
Setting: Tertiary care hospital.
Patient(s): Fifty healthy men donated semen samples.
Intervention(s): None.
Main Outcome Measure(s): Precision, accuracy and agreement between automated and manual semen analysis
methods was assessed for sperm concentration, motility, morphology, and known concentrations of latex bead
quality control media.
Result(s): A good agreement was seen between the results of sperm concentration reported by the SQA-V automated
analyzer (Spermalite/SQA-V; Medical Electronic Systems Ltd, Caesarea Industrial Park, Israel) and those obtained
manually. A similar linearity was seen when the SQA-V results were compared with the manual data and also when
the manual results of individual operators were compared with each other. The automated assessment of morphology
showed high sensitivity (89.9%) for identifying percent normal morphology, and the precision of the SQA-V was
considerably higher when compared with the manual method. The interoperator variability for manual assessment was
significant. The automated analysis was quick compared with the manual method.
Conclusion(s): The SQA-V can be used interchangeably with manual semen analysis methods for examining
sperm concentration and motility. The automated SQA-V analyzer is more precise and shows the ability to
accurately classify normal versus abnormal sperm morphology. (Fertil Steril� 2007;87:156–62. ©2007 by
American Society for Reproductive Medicine.)
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emen analysis is the first tool a medical practitioner uses to
ssess the male factor in an infertility workup. Conventional
icroscopic examination of semen is prone to high variabil-

ty and lack of standardization. Reporting an accurate man-
al semen analysis is fraught with difficulty because of a
ariety of factors (1–4). Human errors or inconsistencies
nfluencing the accuracy of semen analysis are most often
ssociated with counting, statistical errors, poor sample han-
ling, lack of consistent adherence to protocols, and techni-
ian stress. This is further compounded by instrument vari-
tion and deterioration, varying protocols, and the nature of
time sensitive biologic sample.

It is a challenge to perform a single accurate assessment of
he basic semen parameters such as sperm concentration,
otility, and morphology. Because of the factors listed pre-

iously and the subjective nature of manual analysis, repeat-
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bility is poor and interoperator variability is high. The
orld Health Organization (WHO) manual (4) has at-

empted to standardize semen analysis and promote consis-
ency and accuracy by recommending that 200 spermatozoa
e counted in duplicate to enhance the repeatability by
ncreasing the sample size. Even if this recommendation is
ollowed for manual semen analysis, WHO permits a 20%
ifference between duplicate sperm counts.

Accuracy and precision can only be achieved by eliminat-
ng human error, adhering to an effective and standardized
rotocol, and assessing a very large sample size. It is evident
hat automation is a key factor to address all of these objec-
ives. New automated methods for semen analysis are of
linical interest if the automated system is proven to accu-
ately report semen analysis parameters (5–9).

The objectives of our study were:

. to compare the sperm concentration, motility, and mor-
phology results obtained manually by two independent
operators to those run on a new automated sperm quality
analyzer;

. to assess the performance of the two methods for sensi-
tivity, specificity, between-method, and interoperator

agreement; and

0015-0282/07/$32.00
Published by Elsevier Inc. doi:10.1016/j.fertnstert.2006.05.083
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. to evaluate precision and accuracy of the automated and
manual methods using both semen samples and a quality
control material. Additionally, this study will evaluate the
extent to which the SQA-V (Spermalite/SQA-V; Medical
Electronic Systems Ltd, Caesarea Industrial Park, Israel)
presents as a precise, rapid, and cost-effective alternative
to existing automated semen analyzers that require exten-
sive professional skill to operate effectively.

ATERIALS AND METHODS
ollection and Evaluation of Semen Samples
fter approval from the institutional review board, semen

amples from 50 healthy men were collected by masturba-
ion after 3–5 days of sexual abstinence. After liquefaction,
amples were evaluated for sperm concentration, motility,
nd morphology manually and using the SQA-V automated
perm quality analyzer (Spermalite/SQA-V; Medical Elec-
ronic Systems Ltd, Caesarea Industrial Park, Israel).

All manual assessments were performed in duplicate by
wo independent operators according to WHO guidelines (4).
perm concentration was assessed using a Makler counting
hamber (Seifi-Medical Instruments, Haifa, Israel) under a
hase contrast microscope (Olympus BH2, Lake Success,
Y) (magnification x200). Completely liquefied, nondiluted

emen samples were heated at 55oC for 5 minutes to thor-
ughly mix and immobilize the spermatozoa.

A 5-�L aliquot was loaded onto the Makler chamber
ccording to the manufacturer’s instructions. Motility was
cored under a phase contrast microscope using a standard
lass slide and a simple grading system as defined by the
HO (4). Motile sperm concentration was calculated from

he sperm concentration and motility results.

For quality control of sperm concentration, two known
oncentrations (45 � 6.3 and 22 � 3.1 million/mL) of
wikCheck beads (Medical Electronic Systems, Ltd) were

nalyzed using a phase contrast microscope and a Makler
ounting chamber. Morphology slides were prepared by
ir-drying smears and Diff-Quik staining (Baxter Healthcare
orporation, Inc, McGaw Parl, IL). The slides were scored

or normal morphology by two independent operators ac-
ording to WHO guidelines (10). The results of the two
perators were averaged.

utomated Analysis of Semen and QwikCheck Beads
utomated semen analysis was conducted by an independent

hird operator in parallel to manual assesment using the
QA-V/SPERMALITE sperm quality analyzer (Medical
lectronic Systems, Ltd, Caesarea Industrial Park, Israel) for
perm concentration, motility, and normal morphology. The
QA-V technology is based on the principle of electro-
ptical signal processing in combination with built-in com-
uter algorithms (Fig. 1A).

Two independent channels, one measuring sperm concen-

ration and the other measuring motile sperm concentration, i

ertility and Sterility�
ransmit analogue signals for analysis. Following the SQA-V
anufacturer’s user guide instructions, a disposable testing

apillary was filled with a fully liquefied, nondiluted, thor-
ughly mixed semen sample and run on the SQA-V at room
emperature (Fig. 1B). For quality control, the same two
nown concentrations of QwikCheck beads used for manual
ssessment were also run on the SQA-V according to the
anufacturer’s instructions.

tatistical Analysis
assing-Bablok regression analysis (11) was used to quan-

ify the agreement between the two methods in this study
ecause this is commonly used in studies requiring clinical
nalysis (12–15). We selected the above test based on the
ollowing considerations: [1] to quantify the agreement (or
ccuracy) between 2 methods, [2] to apply a more robust
lgorithm to address outliers, and [3] to optimally address
he variance between methods that is commonly experienced

FIGURE 1

Diagram showing (A) the SQA-V Sperm Quality
Analyzer with visualization system and (B) the
SQA-V measurement capillary and the slide
adapter used in the visualization compartment.

Agarwal. SQA-V versus manual semen analysis. Fertil Steril 2007.
n semen analysis studies.
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The agreement between the two operators performing
anual semen analysis was also examined. A logarithmic

log) transformation was applied to address deviations
ver the range of measurements (16, 17). The study re-
ults were further analyzed and mean values, SD, slope,
ntercept, and 95% confidence intervals were compared.
recision for both automated and manual methods was
etermined by comparing duplicate measurements run on
ach semen parameter and comparing the averaged coeffi-
ients of variation (CV). Precision was analyzed in the same
anner using QwikCheck beads quality control material

ased on five replicate readings.

The SQA-V reports percent normal morphology without
oting specific abnormalities. Therefore, and for the pur-
oses of this study, morphology was graded as “normal” or
abnormal” for both the automated and manual assessment
ased on WHO (3rd edition) morphology criteria (10). The
ensitivity and specificity of the automated morphology
esults versus manual data were compared. Interoperator
ensitivity and specificity for morphology results were
lso evaluated.

ESULTS
perm Concentration
able 1 summarizes the statistical assessment of sperm con-
entration and motility. Passing-Bablok regression plots for
perm concentration (after log transformation) are shown in
igures 2A–C. The mean � SDs for the manual and auto-
ated sperm concentration are similar. There is good agree-
ent when comparing the sperm concentration results ob-

ained using the automated sperm quality analyzer to those
btained manually. Slight differences are observed in the
ntercept, slope, and 95% confidence interval. This is true for
he interoperator results as well. The comparison between
he SQA-V and the second operator shows the best intercept
nd slope (0.028 and 0.987, respectively). No significant
inear deviation or statistically significant differences are
een for each operator when automated versus manual results
ere compared for sperm concentration. This is true when

omparing the manual results of the two operators as well.

ercent Motility
he statistical evaluation of sperm motility summarized in
able 1 shows that the mean values of both manual operators
re slightly higher than the mean values of the automated
ystem; however, the standard deviations are similar. When
he automated motility readings were compared with the test
esults obtained manually by two operators, a good agree-
ent was seen and only marginal differences were found in

he intercept, slope, and 95% confidence intervals of the
lopes. This was true for the interoperator results as well. A
omparison between the SQA-V and the second operator
dentified the best intercept and slope (0.111 and 0.90, re-
pectively). No significant linear deviation was seen when

he SQA-V motility results were compared with the first

158 Agarwal and Sharma Semen quality analyzer for semen anal
T

ysis Vol. 87, No. 1, January 2007
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perator, whereas a significant linear deviation was observed
etween the SQA-V and the second operator. A significant
inear deviation was found between the two operators as well
Table 1).

perm Morphology
or the automated versus manual morphology comparison,

he manual results of the two operators was averaged and

FIGURE 2

Passing-Bablok regression plots comparing automate
versus first operator (mean � SD values: 1.733 � 0.3
analyzer versus 2nd operator (mean � SD values: 1.7
(C) manual results of the first and second operator sp
� 0.309 and 1.727 � 0.299 respectively. No significa
and precision of the SQA-V analyzer and two indepe
beads.

Agarwal. SQA-V versus manual semen analysis. Fertil Steril 2007.

TABLE 2
Sperm morphology results comparing the autom
results between two operators.

Comparison Sensitivity (%) Spe

SQA-V vs. manual 88.90
First vs. second operator 78.80
Note: FP � false positive; FN � false negative.
a Moderate agreement.
b Fair agreement.
Agarwal. SQA-V versus manual semen analysis. Fertil Steril 2007.

ertility and Sterility�
ualifed as normal or abnormal based on WHO (3rd edition)
riteria for assessing percent normal morphology (10). The
orpholgy readings of the first and second operators were

ompared based on the same WHO criteria (Table 2). Mor-
hology results were categorized as true-positive, true-
egative, false-positive, and false-negative. The results for
utomated percent normal morphology reported by the
QA-V showed a sensitivity of 89.9% and a specificity of
0% when compared with the averaged manual results.

QA-V) versus manual readings. (A) SQA-V analyzer
and 1.691 � 0.309 respectively), (B) SQA-V
� 0.316 and 1.727 � 0.299, respectively), and

concentration readings (mean � SD values: 1.691
near deviation was observed (P�.10). (D) Accuracy
t operators using known concentration of control

SQA-V device versus manual results and the

ity (%) FP � FN cases Agreement (kappa)

00 11 0.416a

80 14 0.376b
d (S
16
33
erm
nt li
nden
ated

cific

50.
58.
159
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nteroperator sensitivity was 78.8% with 58.8% specificity.
better agreement was seen between the SQA-V and the

anual method than between the first and second operators
Table 2). A lower number of false-positive � false-negative
ases were reported by SQA-V than between the two operators.

recision
able 3 shows precision data for automated and manual
ssessment of sperm concentration, motility, motile sperm
oncentration, normal morphology, and the two concentra-
ions of control beads. CVs for the SQA-V were consider-
bly lower than those obtained by the manual method. Figure
D shows the precision of the SQA-V versus the manual
ethod when control samples of known bead concentration
ere examined. The CVs of the SQA-V was zero compared
ith the CVs obtained by the manual method that ranged

rom 4.4% to 10.4% (Table 3). Replicates of control beads
un on the SQA-V were equal and evenly spread within
he target range compared with manual replicates, which
ere unequal and in some cases exceeded the target range

Fig. 2D).

ISCUSSION
ack of standardization in semen analysis has been dis-
ussed in a number of publications (18–20). In their study,
vist and Bjorndahl (18) noted that semen analysis has not
ained the attention or benefited from the technological
dvancements that have impacted modern medicine and pro-
oted good laboratory practices. The results of the Ameri-

TABLE 3
Coefficient of variation of automated SQA-V
versus manual semen analysis results for
sperm concentration, motility, and
morphology and for the quality control for
concentration.

Variable

CV (%)

SQA-V
First

operator
Second
operator

Sperm
concentration

1.4 6.0 5.1

Motility 2.5 5.7 5.4
MSC 2.4 7.9 7.9
Morphology 2.7 14.0 14.7
Quality control

Control beads 1 0.0 10.4 4.4
Control beads 2 0.0 10.4 9.7

Note: CV � coefficient of variation; MSC � motile
sperm count

Agarwal. SQA-V versus manual semen analysis. Fertil Steril 2007.
an Association of Bioanalyists national proficiency testing p

160 Agarwal and Sharma Semen quality analyzer for semen
rogram showed that CVs in sperm counts ranged from 24%
o 138%, with computer-assisted sperm analysis (CASA)
isplaying a lower overall CV (53% � 8%) compared with
anual methods (80% � 9%) (19).

A wide variation in normal morphology results was re-
orted in the same publication. The study concluded that an
rgent need to improve the quality of semen analysis was in
rder. Similar conclusions were reached in the Brazil et al.
20) study. This study recommended the need to improve
he quality of semen analysis and showed the critical
equirement to standardized protocols and techniques
hrough automation.

An automated system such as CASA partially addresses
he need to improve quality and standardize protocols and
echniques. Sidhu et al. (21) showed that CASA systems are
eliable for sperm counts greater than 20 � 106/mL but
ost-thaw motility is generally underestimated. Knuth and
ieschlag (22) noted that sperm concentration can be over-

stimated and motility underestimated by CASA systems
hen specimens are contaminated with debris. Davis and
atz (23) reviewed CASA technology and found that in very

ow or highly concentrated specimens, counts and percent
otility are not accurate.

Furthermore, the accuracy of reporting concentration is
ependent on the number of frames analyzed and impacted
y the presence or absence of debris in the specimen. Ad-
itionally, the study found that the ability to standardize
emen analysis using CASA is impacted by the varying
lgorithms resident in different CASA systems (23).

In this study, we used semen from 50 healthy men with
resumably normal semen specimens as well as the
wikCheck beads at 45 and 22 � 106/mL; however, in a

linical setting a majority of the samples are abnormal
ith poor sperm count and/poor motility. The accurate

ssessment of low sperm counts, poor motility, and in-
reased abnormal forms is therefore critical. The dynamic
ange of the SQA-V in both fresh and washed samples is
– 400 � 106/mL. There are two systems available on the
QA-V: automated and visualization, which allows user

he flexibility to analyze all types of semen samples. In
ddition, if the sample is of low quality, the sample is
ested for an additional 2 minutes. Furthermore, if the
ample has an extremely low number of motile and im-
otile cells as seen in post vasectomy sample, both au-

omated and the visualization system of the SQA-V can be
sed with a very high accuracy for identifying motile and
onmotile cells. However, it is imperative that the man-
facturers’ protocol is strictly followed. In addition, in
his version of the analyzer, the user has the opportunity to
ocument test results by capturing and archiving a video clip of
he postvasectomy sample using SQV-software.

Based on the publications reviewed it is evident that
recision, accuracy, and standardization are still issues im-

acting manual and CASA. We evaluated a new system, the

analysis Vol. 87, No. 1, January 2007
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QA-V analyzer in our study. It is an automated system, the
asic technology is different from CASA technology (signal
rocessing as compared to image processing) and it requires
o subjective calibration. This study compared the SQA-V
ith the manual results of two independent operators.

Our study shows that sperm concentration results obtained
y the SQA-V are in agreement with manual results, and our
ndings are similar to those reported earlier by Akashi et al.
24) and Fuse et al. (25). We found no significant linear
eviation when quantifying the agreement between the two
ethods. We can therefore conclude that for analyzing

perm concentration, the SQA-V can be used interchange-
bly with manual analysis. The advantages of the SQA-V are
peed, objectivity, and highly repeatable results.

Scoring of motility manually is prone to overestimation.
n our study, a significant linear deviation is seen between
he SQA-V and the second operator as well as between the
wo operators. This may be attributed to the well docu-
ented fact that manual assessment of motility is subjective

nd generally overestimated because of the attraction of the
ye to movement (4). This is further compounded when the
ample has a highly motile sperm concentration. The SQA-V
hows better motility statistics when compared to manual
otility results. In addition, compared with the manual
ethod, the results of the SQA-V are objective and rapid (a

ew minutes versus over 30 minutes).

The SQA-V only provides percent normal morphology
esults without quantifying specific abnormalities. As such,
t is limited when compared with manual methodology
here morphological defects need to be identified and quan-

ified. Statistically, the agreement between the percent nor-
al morphology readings of the SQA-V versus manual data

s moderate by Altman classification (26). The interoperator
greement of normal morphology assessment is only fair.
he SQA-V shows high sensitivity to accurately detect ab-
ormal morpholgy and greater precision and speed com-
ared with the manual method for determining percent nor-
al morpholgy. Therefore, although limited, the SQA-V is

seful as a screening tool for distinguishing between samples
ith normal versus abnormal morphology.

Precision is shown by repeatability. When comparing
ethods, it is relevant to assess the repeatability of each
ethod. But, if one method shows considerable variability,

he agreement between the two methods is destined to be
oor even if the new method is perfect (17). In this study, we
howed that the precision of the SQA-V is considerably
igher compared with the manual method; CVs of sperm
oncentration assessed by the SQA-V and manually by first
nd by the second operator were 1.4%, 6.0%, and 5.1%
espectively (Table 3). It was also found that the CV of the
QA-V in assessing sperm concentration (1.4%) was lower

han the CVs of six other methods reported in the literature
27). Prathalingam et al. (27) compared 3 novel methods
or assessing sperm concentration (flow cytometry, image

nalysis, and a fluorescent plate reader) with conventional

ertility and Sterility�
ethods (hemacytometer, spectrophotometer, and Micro-
ell counting chamber, Conception Technologies, San Diego,
A). The flow cytometry results showed the lowest CV of

his study (2.3%), with the plate reader showing the highest
V (20.0%). Considering the results of our study, one might
xpect that the agreement between the automated and man-
al method would be less than optimum because of consid-
rable differences in precision of the two methods. However,
ven when this is taken into consideration, good agreement
etween the automated and manual results is seen. In con-
lusion, this study shows that the SQA-V technology pro-
ides more precise, objective, and timely semen analysis
ompared with the manual method. Therefore, we conclude
hat the SQA-V qualifies as an automated system for stan-
ardizing semen analysis.
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