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A highly significant correlation was detected among photometric and direct sperm enumeration
techniques for evaluating sperm concentration. Depending on the instrument used, the photometric
techniques tended to overestimate or underestimate sperm concentration when compared to a
hemacytometer standard. Precautions should be taken when using techniques other than a hema-
cytometer to measure sperm concentration, especially for stallions with large mare books where the
ejaculate will be split among multiple mares for insemination. Authors’ address: Department of
Large Animal Medicine & Surgery, College of Veterinary Medicine, Texas A&M University, College
Station, TX 77843-4475. © 2001 AAEP.

1. Introduction

Accurate measurement of sperm concentration in
ejaculates is important diagnostically because total
sperm number is derived as a product of sperm
concentration and semen volume. Imprecise esti-
mation of sperm concentration produces a correspond-
ing inaccurate calculation of total sperm number in
an ejaculate. Erroneously high measures of sperm
concentration could result in reduced pregnancy
rates for stallions with large mare books, where
ejaculates are split among multiple mares. Con-
versely, false-low measures of sperm concentration
could lead to reduced breeding efficiency. An inac-
curate measure in either direction could also result
in impaired judgment regarding a stallion’s breed-
ing potential.

Sperm concentration in gel-free semen can be de-
termined by using methods involving counts of indi-
vidual spermatozoa, such as with a hemacytometer
or a computerized spermatozoal analysis system;
however, these methods of measurement are some-
what time-consuming or expensive. Alternatively,
photometric techniques which have been calibrated
with these direct sperm enumeration measurements
are often used for quick measures of sperm concen-
tration. Potential disadvantages of photometric
measurements of sperm concentration include inac-
curate estimates intrinsic to the systems, or false-
high estimates of sperm concentration in ejaculates
mixed with semen extenders or contaminated with
cellular debris, blood, urine, purulent material, or
premature germ cells.1 Nonetheless, the ability to
determine sperm concentration quickly and easily
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has prompted the development of several commercial
photometric instruments for this purpose. This
study compared measurement of sperm concen-
tration in ejaculates using 4 different photometric
techniques and 3 direct sperm enumeration tech-
niques. Mean concentration of ejaculates mea-
sured with each system and the correlation between
each photometric technique and each direct sperm
enumeration technique are reported.

2. Materials and Methods

One hundred ejaculates (10 from each of 10 stal-
lions) were collected using an artificial vaginaa

equipped with an in-line nylon micromesh filterb

to permit collection of gel-free semen. Photometric
determination of sperm concentration for each ejac-
ulate (3 replicates 3 100 ejaculates) was measured
using each of 4 different commercially-available
photometric systems.c,d,e,f Direct sperm enumera-
tion techniques used in the study included: a he-
macytometer (4 replicates 3 100 ejaculates); a
computerized spermatozoal-motility analyzerg in
dark-field mode (2 replicates 3 100 ejaculates); and
a computerized systemh using fluorescence imag-
ing of non-motile sperm (2 replicates 3 100 ejacu-
lates). For measurements using the HTM IVOS
computerized system, spermatozoa were loaded in
disposable chambers with a 20-mm fixed depth.i

Spermatozoal concentration (106/ml) of each ejac-
ulate was grouped into 1 of 5 concentration ranges
based on the concentration determined using a he-
macytometer. The concentration ranges were as
follows: 1) 0–100 3 106/ml; 2) 101–150 3 106/ml;
3) 151–200 3 106/ml; 4) 201–300 3 106/ml; and
5) .300 3 106/ml. For each concentration range,
the difference between the hemacytometer-derived
value and the values derived from each of the other
instruments were compared using a paired t test
with p , 0.05 considered statistically signifi-
cant. The repeatability of each technique within
ejaculate was reported as a coefficient of variation.
The correlation coefficients among the various tech-
niques were also calculated.j

Table 1. Mean Values (6SD) for Coefficient of Variability (CV) for
Spermatozoal Concentration of 100 Ejaculates Determined for

7 Sperm Enumeration Techniques

Sperm Enumeration System CV

Hemacytometer 9.6 6 6.0
IVOS—H33342 5.3 6 4.3
IVOS—dark field 5.7 6 4.9
Densimeter 3.6 6 1.8
SpermaCue 3.0 6 2.2
Micro-Reader 1 4.1 6 3.9
Model 10 Sperm Counter 6.2 6 4.3

Table 2. Correlation Matrix Listing Correlation Coefficients for Mean Sperm Concentration Measured Using 4 Photometric and
3 Direct Sperm Enumeration Techniques

Hemacytometer
IVOS

H33342
IVOS

Dark Field Densimeter SpermaCue Micro-Reader 1

Model 10
Sperm

Counter

Hemacytometer — 0.98 0.96 0.92 0.92 0.94 0.91
IVOS—H33342 — 0.95 0.93 0.92 0.94 0.92
IVOS—dark field — 0.91 0.89 0.94 0.91
Densimeter — 0.92 0.96 0.96
SpermaCue — 0.95 0.93
Micro-Reader 1 — 0.97
Model 10 Sperm Counter —

Table 3. Spermatozoal Concentration (106/ml) of 100 Stallion Ejaculates Measured Using a Hemacytometer and Divided into 5 Groups from
Dilute (0–100 3 106/ml) to Concentrated (>300 3 106/ml)

Concentration
(106/ml) N Hemacytometer

IVOS
Dark Field

IVOS
H33342 Densimeter SpermaCue Micro-Reader 1

Model 10
Sperm

Counter

0–100 12 70 58 (217%)* 51 (227%)* 82 (117%)* 88 (126%)* 53 (224%)* 57 (219%)*
100–150 29 121 99 (218%)* 88 (227%)* 138 (114)* 135 (112%)* 110 (29%)* 95 (221%)*
150–200 29 177 147 (217%)* 129 (221%)* 193 (19%)* 172 (23%)* 169 (25%)* 148 (216%)*
200–300 13 249 222 (211%)* 177 (229%)* 266 (17%)* 226 (29%)* 245 (22%) 204 (218%)*

.300 17 404 327 (219%)* 269 (233%)* 441 (19%)* 305 (225%)* 368 (29%)* 305 (225%)*

Mean spermatozoal concentration in each group determined using the hemacytometer was compared with mean concentration
determined using other sperm enumeration techniques and photometric techniques. Values in parenthesis represent the difference
in the means.

N 5 number of ejaculates in group.
*p , 0.05 when comparing the difference in the means between the hemacytometer and the other techniques within each row.
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3. Results

The hemacytometer yielded the largest coefficient of
variation over all techniques tested (Table 1). The
photometric techniques were highly correlated (p ,
0.0001) with the direct sperm enumeration tech-
niques (Table 2). The Densimeter yielded higher
mean values for spermatozoal concentration than
the hemacytometer for all concentration ran-
ges. Conversely, the Micro-Reader 1 and the Model
10 Sperm Counter yielded lower mean values for
spermatozoal concentration than the hemacytome-
ter in all concentration ranges. Compared to the
hemacytometer, the SpermaCue yielded higher
mean values for concentration in more dilute ejacu-
lates (up to 150 3 106/ml) and lower mean values for
concentration in more concentrated ejaculates (Ta-
ble 3).

4. Discussion

Although the hemacytometer is often regarded as
the gold standard for determining spermatozoal con-
centration of ejaculates and is the system by which
some of the photometric techniques are calibrated,
the coefficient of variability was greatest for the
hemacytometer. In instances where precise deter-
mination of spermatozoal concentration is desired,
increasing the number of replicates is recom-
mended. The HTM IVOS computerized analyzer
consistently yielded lower measures of sperm con-
centration than the hemacytometer. It remains to
be determined whether this difference may be re-
lated to variation in the depth of the hemacytometer
chamber (10-mm depth) compared with the manu-

factured fixed depth (20 mm) of the disposable cham-
bers used in this study. Further investigation is
needed to determine whether computerized analysis
or the traditional hemacytometer method yields
more accurate results for estimating sperm concen-
tration. As has been previously reported,1 there
was a tendency for greater disparity between the
photometric techniques and the hemacytometer
when sperm concentration in ejaculates was high
or low. In summary, precautions should be taken
when using techniques other than a hemacytometer
to measure sperm concentration, especially for stal-
lions with large mare books where the ejaculate will
be split among multiple mares for insemination.

This study was funded by the Link Equine Re-
search Endowment Fund, Texas A&M University.
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