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ABSTRACT: With sexual assault evidence, the visualization of spermatozoa confirms that ejaculation has occurred. However, microscopic
examination of spermatozoa is a laborious process and can sometimes result in sperm cells being overlooked. Here, we present the developmental
validation of the SPERM HY-LITER� kit, which contains a human sperm–specific mouse monoclonal antibody coupled to a fluorescent Alexa 488
dye. The kit was tested using samples of human semen, saliva, blood, and urine, various animal semen extracts, sexual lubricants, and a commer-
cially available spermicidal film. Postcoital vaginal swabs, degraded semen samples, and samples prepared with sample fixation techniques that devi-
ated from the kit-provided protocol were also tested. In each case, the SPERM HY-LITER� kit was demonstrated to bind only to human sperm cell
heads. Limitations to this fluorescent staining procedure include nonspecific staining and increased background fluorescence with extreme heat fixa-
tion in some samples.
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Despite best efforts to reduce the forensic DNA backlog, a large
number of unsolved sexual assault cases that contain biological evi-
dence are still left unanalyzed (1). In cases involving sexual assault,
spermatozoa are generally the biological material of importance
(2,3). The microscopic detection of human spermatozoa in sexual
assault evidence (SAE) has long been used as a confirmatory
method for the presence of ejaculate (4–13). Confirming the pres-
ence of ejaculate assists in corroborating the victim’s allegations
(4,7,10,12,14) and provides material for generating the alleged sus-
pect’s genetic profile through additional DNA analysis (2,3). How-
ever, the visualization of spermatozoa can be inhibited by the
presence of other cells in the sample (e.g., epithelial, bacterial, etc.;
[2,3,10,15,16]), malformation or degradation of the sperm cells
themselves (i.e., detachment of the tail from the head; [4,8,9,15–
17]), or a low number of spermatozoa in the sample through dilu-
tion or azoospermia of the alleged suspect as a result of vasectomy

or other related conditions (4,5,7–9,12,14,18–21). As a result, foren-
sic analysts often devote a great deal of time and effort searching
for spermatozoa in SAE (16).

Alternatively, examination of SAE for the presence of semen
may involve the use of alternate light sources (ALS), and ⁄or the
detection of semen-specific markers such as prostatic acid phospha-
tase (AP), prostate-specific antigen (PSA), seminal vesicle-specific
antigen (SVSA), or semenogelin (4,6–9,11,12,14,19–26). Each of
these screening techniques, however, has its limitations. Use of
ALS does not specifically identify semen, because other biological
fluids and several other substances have been shown to fluoresce
under these types of light (4,8,22,24,27). Similarly, AP can be
detected in other body fluids, including vaginal secretions, and false
positives can be obtained in the presence of commonly encountered
household materials (4,6–8,11,14,19,21,23,24,28,29). In addition to
being detected in seminal fluid, PSA has also been detected at low
quantities in male and female urine and even in female tissues in
certain disease states (9,11,14,17,18,20,26,30). SVSA can be
detected by immunofluorescence using the MHS-5 polyclonal anti-
body. However, the use of this test has been limited in forensic
laboratories because of the fact that the biological activity of SVSA
remains little studied (9). Additionally, while SVSA has not been
detected in semen from common domestic animals, it is found in
semen from higher-order primates (i.e., chimpanzee, gorilla, and
orangutan; [7,31]). Semenogelin has also been detected in several
body tissues (11). Most recently, semenogelin has been detected in
the serum of individuals diagnosed with certain types of cancer
(15,32), and ejaculates from some new-world primates (33). For
these reasons, seminal-specific markers are generally considered
preliminary screening methods for the detection of semen in SAE.
Confounding the use of semen-specific markers is their detection in
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postcoital samples stored for a long time. Spermatozoa, on the
other hand, have been demonstrated to persist for greater periods of
time within the vaginal vault and can be detected on postcoital
sample swabs at longer time intervals than PSA, AP, and SVSA
semen markers (6,18,31,34,35). Therefore, the detection of sperma-
tozoa may be more likely when analyzing backlogged (c)old cases.
Consequently, barring cases involving azoospermia, the visual iden-
tification of sperm cells themselves is generally accepted to be the
most definitive method for the confirmation of the presence of
ejaculate in SAE (4–13).

Current methods used to locate and identify spermatozoa in
evidentiary samples are largely based on microscopic staining
techniques that are not specific to human sperm cells, such as hema-
oxylin–eosin (H&E), alkaline fuchsin, and Kernechtrot–Picroindigo-
carmine (KPIC or ‘‘Christmas Tree Stain’’) (10,16). These staining
methods are also not amenable to automation or computer-aided
searching because of the low levels of color contrast that are gener-
ally achieved between the cell types of interest in these preparations
(10). Thus, the forensic analyst must still spend a great deal of time
examining microscope slides for the presence of sperm cells after
staining is complete. As a significant portion of backlogged case
work in forensic biology is related to SAE (1), the effort and expense
devoted to the visualization of sperm cells is considerable. SAE that
has been stored for long periods (e.g., backlogged sexual assault kits)
or collected evidence containing minimal amounts of biological
material is particularly problematic (4,8,15,16).

The development of monoclonal antibody-based systems with
predefined specificity to definite antigens has greatly advanced our
ability to preferentially discriminate between specific markers of
interest (36) and, thus, to attribute source to unknown biological
stains in forensic casework (7,11,13,15,16,18,19,21,25,26,31,37).
Several fluorescent dyes, each with their own ideal performance
parameters, have been introduced for use in immunofluorescence
(38). Among these dyes is the Alexa class of fluorochromes, which
have been shown to be capable of covering the entire visible spec-
trum while being stable over a broad range of pH (39). In addition
to these factors, the Alexa fluorochromes exhibit superior fluores-
cence capabilities, resistance to photobleaching, and convenient
coupling chemistries, making them ideally suited for the detection
of particular cell types when coupled to specific monoclonal anti-
bodies (38,39). Previous attempts to employ antibody technologies
to the forensic detection of individual sperm cells have shown
promise in improving current microscopic staining procedures of
SAE. The most recent, SpermPaint, is an immunofluorescent tech-
nique that uses two mouse monoclonal antibodies, each coupled to
an Alexa 488 dye, to fluorescently label the equatorial segment of
the sperm head and the sperm tails within a given sample (16).
SpermPaint has not become widely used in the forensic community
(16). This is most likely due to the facts that: (i) it is expensive,
(ii) the technical procedure is complex, and (iii) the overall visibil-
ity of the sperm head is not dramatically improved over traditional
staining methods, as only the equatorial segment is stained and the
reagents are not commercially available.

SPERM HY-LITER� (Independent Forensics of Illinois, Lom-
bard, IL) is a novel kit that employs a fluorescently labeled human
sperm–specific antibody for the routine microscopic detection of
human spermatozoa in forensic SAE. Similar to SpermPaint, the
SPERM HY-LITER� kit contains a proprietary human sperm–spe-
cific mouse monoclonal antibody, which was produced in vivo using
standard immunological methods (40). The antibody is chemically
derivatized with a fluorescent Alexa 488 dye so that the entire head
of the sperm cells (i.e., acrosome, equatorial segment, and postacros-
omal region) will fluoresce when viewed under a microscope that is

fitted with a fluorescein isothiocyanate (FITC) filter. Unlike Sperm-
Paint, the SPERM HY-LITER� kit also incorporates a second 4,6-
diamidino-2-phenylindole (DAPI) fluorescent dye for simultaneous
viewing of all cell nuclei, regardless of cell type, in the sample using
a DAPI compatible fluorescent filter.

The Scientific Working Group on DNA Analysis Methods
(SWGDAM) has recommended several guidelines for both devel-
opmental and internal validations of DNA analysis methods with
the intention of establishing the reliability, robustness, and repro-
ducibility of DNA typing procedures (41). However, SWGDAM
has not yet established any guidelines for the validation of serologi-
cal techniques. Developmental and internal validations of serologi-
cal techniques are, nonetheless, warranted. In this paper, we
attempt to adapt SWGDAM guidelines for the validation of DNA
typing methods to serological methods to present a critical evalua-
tion of the SPERM HY-LITER� kit for use in forensic casework.
The kit was tested against several scenarios that could potentially
be encountered in SAE to demonstrate that the antibody binds reli-
ably to its intended target.

Materials and Methods

Fluorescent Labeling Reaction Conditions

The protocol for fluorescently labeling sperm cells involved
applying a series of four chemical solutions to the sample area of a
microscope slide. These chemical solutions, namely Fixative Solu-
tion, Sample Preparation Solution, Blocking Solution, and Staining
Solution, are provided in individual dropper bottles within the
SPERM HY-LITER� kit. Localization of the solution to the sam-
ple area was achieved by drawing a �16-mm-diameter hydropho-
bic barrier around the sample. A proprietary hydrophobic pen is
supplied within the kit for this purpose. The barrier was allowed to
air dry completely before further processing. The Fixative Solution
consists of an aqueous solution of cross-linking fixative agent com-
bined with a detergent to allow permeabilization of the sample
cells. Samples were fixed to the slide by applying two drops
(�80 lL) of the Fixative Solution to the sample area within the
hydrophobic barrier. The solution was applied for 10 min at room
temperature and then rinsed off. All chemical solutions were
removed by rinsing the sample area with 2–3 mL of 1· wash buf-
fer. The 1· wash buffer was prepared by diluting the 10· wash
buffer provided within the kit with autoclaved 18-MX filter-purified
water. After each wash, excess wash buffer was carefully wicked
away from the sample area with a clean Kimwipe� (Kimberly-
Clark, Hoffman Estates, IL) before continuing on to the next step.
The Sample Preparation Solution is a slightly alkaline proprietary
salt-buffered solution that requires the addition of 1 M dithiothreitol
(DTT; DL-Dithiothreitol, Amresco, Solon, OH) prior to its use.
DTT is used to reduce disulfide bonds in the sample and is a
required component of the staining procedure. For each sample,
1 lL of 1 M DTT was added per two drops of the Sample Prepa-
ration Solution. The total volume of the solution mixture was
adjusted when multiple sample slides were processed together. The
Sample Preparation Solution ⁄ DTT mixture was made fresh in a
microcentrifuge tube just before application to the sample area.
Approximately 80 lL of the Sample Preparation Solution ⁄ DTT
mixture was applied to each sample area. The mixture was applied
to the sample area and incubated for 30 min at room temperature
before removing as previously described. After removal, two drops
of the Blocking Solution, which contains an albumin and DAPI
fluorescent dye that stains all nuclei in an appropriate buffer, were
then applied to the sample area for 30 min at room temperature.
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The solution was removed as previously described. In the final step
in the procedure, Staining Solution was added to the preparation
area for 30 min at room temperature. The Staining Solution con-
tains an Alexa 488 antihuman sperm mouse monoclonal antibody
complex. Removal of the Staining Solution after the allotted time
concluded the staining procedure. Stained slides were allowed to
air dry completely before microscopic visualization was performed.

Microscopic Visualization

Sample slides were mounted with a glass cover slip (18 mm2;
0.13–0.16 mm) to prevent cross-contamination between samples.
Both the dropper bottle of Mounting Solution and glass cover slips
that are provided within the SPERM HY-LITER� kit were used.
One drop (�50 lL) of the aqueous-based, semi-hardening Mount-
ing Solution was applied to the sample area. A cover slip was then
placed over the sample, and gentle pressure was applied to remove
air bubbles and excess Mounting Solution. The mounted slide was
kept undisturbed on a level surface for 20 min to allow the Mount-
ing Solution to harden.

Phase-contrast imaging of sample slides was performed using a
compound microscope fitted with a reflective light source and a
high numerical aperture objective. Absorption and emission wave-
lengths of the Alexa 488 and DAPI fluorochromes are 494 nm ⁄
519 nm (16) and 347 nm ⁄ 448 nm (42), respectively. Fluorescent
imaging was performed using a FITC or DAPI compatible filter to
view the desired differentially stained cellular structures. Each sam-
ple slide was scanned back and forth in a grid pattern at a final
magnification of 200· using the FITC filter until the entire area
within the hydrophobic barrier was visualized. Spot checks were
performed every 3–5 frames using both phase-contrast and DAPI
filters to note what, if any, other cellular structures ⁄ types were
present. Additionally, phase-contrast imaging of sample slides was
performed at a final magnification of 400· when greater detail was
needed to identify a cell type. Image capture was performed at
200· magnification using a CCD camera with image capture soft-
ware. Sequential photomicrographs of identical image frames were
taken using phase-contrast, DAPI, and FITC imaging.

Reproducibility

Numerous replicate samples from several different subjects were
tested to ensure the reproducibility of our results. The numbers of
individuals from which samples were collected, as well as the total
number of replicate slide preparations made for each study are
listed in Table 1. A notable limitation to the reproducibility study
was the small number of animal samples tested in the Alternate
Fixation Study. In this study, only one canine semen sample was
obtained and tested in triplicate using the alcohol fixation protocol.
Additionally, Macaque semen samples were obtained from three
subjects but were each tested only once. This was because of the
limited number of samples that could be obtained for these species.

Species Study

To determine whether the antibody would cross-react with the
sperm of nonhuman species, bovine (Bos taurus), canine (Canis
lupus familiaris), caprine (Capra aegagrus hircus), equine (Equus
ferus caballus), feline (Felis catus), murine (Mus musculus), ovine
(Ovis aries), porcine (Sus domestica), and simian (Pan troglodytes,
The University of Texas-MD Anderson Cancer Center) sperm were
analyzed. Semen samples were collected from two individuals of

TABLE 1—The numbers of samples used in each validation study are listed
here. Column 2 shows the number of individual subjects that samples were
collected from for each portion of a study. The total number of replicate

samples performed from those subjects is shown in column 3. Sample
numbers were lower in the Alternate Fixation Study, because only one

replicate from each of three nonhuman primates was performed for a total
of three replicates; and canine samples were collected from only one

individual, but replicated three times for a total of three replicate samples
performed. Numbers in bold indicate total numbers of sample replicates for

the respective study.

Number
of Sample
Subjects
Collected

Total Number
of Sample
Replicates
Performed

Species study – 108
Animal semen – –

Bovine 2 12
Canine 2 12
Caprine 2 12
Equine 2 12
Feline 2 12
Murine 2 12
Ovine 2 12
Porcine 2 12
Simian (Pan troglodytes) 2 12

Sensitivity (semen ⁄ saliva) – 300
1:1 25 semen samples

5 saliva samples
75

1:4 75
1:8 75
1:10 75

Case-type samples – –
Resuspended (SPERM
HY-LITER� slides)

– 42

Precoital vaginal swabs 3 21
Postcoital vaginal swabs 3 21

Smeared (plain glass slides) – 42
Precoital vaginal swabs 3 21
Postcoital vaginal swabs 3 21

Specificity – 270
Human – –

Blood 15 90
Buccal (saliva) 15 90
Urine 15 90

Mixtures (w ⁄ human semen) – –
Human semen samples 25 –
Human – 390

Blood 15 80
Buccal (saliva) 15 230
Urine 15 80

Animal semen – 108
Bovine 2 12
Canine 2 12
Caprine 2 12
Equine 2 12
Feline 2 12
Murine 2 12
Ovine 2 12
Porcine 2 12
Simian (Pan troglodytes) 2 12

KPIC stain interference – 200
SPERM HY-LITER� slides 25 semen samples

15 saliva samples
–

Human buccal ⁄ semen mixture 100
Plain glass slides –

Human buccal ⁄ semen mixture 100
Alternate fixation – 234
Alcohol fixation – –

Animal semen – –
Canine 1 3

Human – –
Blood 3 9
Buccal (saliva) 3 9
Urine 3 9
Aged semen 3 11
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each of the species listed earlier, and several replicate sample slides
were prepared for microscopic analysis (see Table 1).

After each ejaculate was collected, replicate swabs were prepared
by adding 150 lL of semen directly to the batting of individually
wrapped sterile cotton swabs (Fisherbrand* Sterile Plastic Applica-
tors with Cotton Tips; Fisher Scientific, Pittsburgh, PA) and allow-
ing them to air dry in a protective environment. Once the swabs
were dried, they were repackaged in their original paper wrappings
and stored at room temperature until they could be analyzed.
Sperm cells were collected from each swab by incubating the sam-
ple swab in 1.0 mL of phosphate-buffered saline (PBS; 137 mM
NaCl, 2.7 mM KCl, 10 mM sodium phosphate dibasic, 2 mM
potassium phosphate monobasic, pH 7.4) for 1 h at room tempera-
ture. The cotton battings from each swab were then removed, and
the cells were pelleted by brief centrifugation at 18,000 · g at
room temperature in a tabletop centrifuge. After centrifugation, the
supernatant was removed, and the pelleted cells were resuspended
in 100 lL of PBS. Twenty microliters of each pellet resuspension
was applied to the sample window of a proprietary positively
charged SPERM HY-LITER�-masked slide (provided within the
kit), and the slides were processed in accordance with the labeling
protocol described earlier.

Sensitivity

Sensitivity studies in DNA validation are typically used to define
the lowest concentration of DNA that is detectable in a solution
of known concentration. This does not apply directly to the

microscopic visualization of spermatozoa by immunofluorescence,
because the ability of an antibody to attach to its intended target
does not depend upon a minimum number of sperm cells within a
given sample. For our purposes, it was important to note that a
predominant number of nontarget cells in a given sample did not
prevent the fluorescent labeling of spermatozoa through some act
of physical barrier or greater affinity of the antibody–dye complex.
Also, important to note is the fact that the number of sperm cells
in a forensic sample will vary from individual to individual and
even from one ejaculate to another within a single individual (43).
Therefore, we did not feel that it was necessarily meaningful to
measure individual sperm numbers within each sample for our
studies of sensitivity. However, none of the subjects from whom
semen was collected displayed azoospermia. Rather, we defined
sensitivity as: (i) the ability of the antibody to always and only rec-
ognize human sperm heads in those microscopic fields examined
and (ii) the ability of an analyst to consistently visualize a relatively
low number of spermatozoa among a relatively high number of
nontarget cells in a mixed sample, such as those typically encoun-
tered in forensic casework.

For the sensitivity study, semen samples from 25 individuals
were obtained either from a local sperm bank or from healthy vol-
unteers, and buccal epithelial cells were obtained from 15 healthy
volunteers. Buccal epithelial cells were collected by having subjects
gently chew on the insides of their cheeks to release saliva and
then spit into sterile 50-mL conical tubes. One hundred and fifty
microliters of either saliva or semen was added to individually
wrapped sterile cotton swabs. Each swab was air dried, repackaged
in its original packaging, and stored at room temperature until ana-
lyzed. Cells were eluted from the swabs and pelleted as previously
described. Buccal epithelia were then resuspended in 100 lL of
PBS, and sperm cells were resuspended in 1 mL of PBS. Sperm
cells were resuspended in a larger volume of PBS to produce a
dilute sperm cell solution. Mixtures of the human sperm and epi-
thelial cell suspensions were then prepared at ratios of 1:1, 1:4, 1:8,
and 1:10 (volume of sperm cell suspension to volume of epithelial
cell suspension), respectively, for analysis. Twenty microliters of
the mixed cell suspension was then applied to the sample window
of a SPERM HY-LITER�-masked slide for each replicate as
described in Table 1 and processed in accordance with the above
labeling protocol.

Case-Type Samples

To test the kit under conditions commonly encountered with
SAE, pre- and postcoital vaginal swabs were analyzed using the
developed staining protocol. Pre- and postcoital vaginal swabs were
collected from three healthy volunteers. Removal of cellular mate-
rial from the swabs was performed by incubating the swabs in
1.0 mL of PBS for 1 h at room temperature. The swab heads were
then removed, and the cells were pelleted by brief centrifugation at
13,000 rpm. The sample cells were resuspended in 100 lL of PBS.
Twenty microliters of the resulting cell suspensions were then
applied to the sample window of a SPERM HY-LITER�-masked
slide (see Table 1) and processed in accordance with the above
staining protocol.

Although proprietary charged microscope slides are provided
with the SPERM HY-LITER� kit, microscope slides contained
within SAE kits are typically plain uncharged glass slides. The
sample fixation protocol for the SPERM HY-LITER� kit was
optimized with the use of the charged microscope slides supplied
within the kit. Therefore, it is important to know the extent to
which standard glass microscope slides will retain sample cells

TABLE 1—Continued.

Number
of Sample
Subjects
Collected

Total Number
of Sample
Replicates
Performed

Mixed w ⁄ human semen – –
Human semen 6 –
Sexual lubricants – –
Body Heat Cinnamon Flavored 1 tube 9
ID� Fresh Peach 1 tube 9
Fusion Body Glide 1 tube 9
Spermicide 1 package 11
Human – –

Blood 3 9
Buccal (saliva) 3 11
Urine 3 9

Heat fixation – –
Animal semen – –

Simian (Macaca mulatta and
Macaca fascicularis)

3 3

Human – –
Blood 3 9
Buccal (saliva) 3 9
Urine 3 9
Aged semen 3 11

Mixed w ⁄ human semen – –
Human semen 6 –
Sexual lubricants – –
Body Heat Cinnamon Flavored 1 tube 9
ID� Fresh Peach 1 tube 9
Fusion Body Glide 1 tube 9
Spermicide 1 package 11
Human – –

Blood 3 9
Buccal (saliva) 3 11
Urine 3 9

KPIC, Kernechtrot–Picroindigocarmine.
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during the various preparation, wash, and staining steps of the
labeling procedure. The SPERM HY-LITER� protocol also
includes steps for the removal of cells from the sample collection
material (e.g., swab) and resuspension of cells in PBS prior to their
application to a microscope slide. Microscope slides prepared as
part of a SAE kit, however, are generally prepared as sample
smears during the sexual assault examination. As a result, forensic
analysts often have to examine smear slides for the presence of
spermatozoa in which extraction of the prepared smear is not per-
formed. Additionally, sexual assault examiners who prepare sample
smears at the time of their examinations often only have access to
standard glass microscope slides. It is important, therefore, to know
whether standard glass microscope slides can retain a sample that
has been fixed using the protocol described herein. Pre- and postco-
ital sample swabs were collected from three healthy volunteers and
allowed to air dry prior to analysis. Smear slides were made by
moistening a previously prepared vaginal swab with PBS and
gently smearing the swab onto a clean plain glass microscope slide
(Fisherbrand* Plain Glass Microslides; Fisher Scientific; see
Table 1). The slides were then allowed to air dry completely,
before fixing to the slide and staining with the fluorescently tagged
antibody in accordance with the above labeling protocol.

Specificity Study

Human saliva, urine, and blood samples were tested with the
SPERM HY-LITER� kit to determine whether the antibody would
label ⁄ cross-react with other human body fluids commonly encoun-
tered in forensic casework. Individual body fluids were collected
from 15 healthy volunteers. Urine samples were collected mid-
stream, and the first elimination from male subjects postejaculation
was never collected. Sample swabs were prepared by depositing
150 lL of the collected sample onto a cotton swab. The swabs
were allowed to air dry, stored, and pelleted as previously
described. The pelleted sample cells were each resuspended in
100 lL of PBS. Twenty microliters of the resuspended sample was
transferred to a SPERM HY-LITER�-masked slide (see Table 1)
and processed according to the labeling protocol outlined earlier.

Mixture Study

Human sperm cell suspensions were mixed with cell suspensions
of human saliva, urine, and blood to test for physical inhibition of
the antibody–dye complex as a result of the presence of nontarget
cells in the sample. Additionally, these samples were also tested to
determine whether nontarget samples would cross-react with the
antibody in the presence of human spermatozoa. Nonhuman mam-
malian sperm cell suspensions of several animal species, including
bovine (Bos taurus), canine (Canis lupus familiaris), caprine (Capra
aegagrus hircus), equine (Equus ferus caballus), feline (Felis catus),
murine (Mus musculus), ovine (Ovis aries), porcine (Sus domestica),
and simian (Pan troglodytes) were also tested to determine whether
they would cross-react in the presence of human sperm cells. Animal
semen samples were obtained from two subjects of each of the spe-
cies listed. Human saliva, urine, and blood samples were obtained
from 15 healthy volunteers. Human semen samples were obtained
from 25 healthy volunteers or from a local sperm bank. Cell suspen-
sions were prepared from sample swabs that were previously satu-
rated with 150 lL of the respective sample fluid and allowed to air
dry prior to analysis. Sample cells were removed and pelleted as pre-
viously described. The pelleted sample cells were each resuspended
in 100 lL of PBS. Mixtures were prepared by combining 20 lL of
human sperm cell suspension with 20 lL of the respective body

fluid cell suspension being tested. Ten microliters of the mixed cell
suspension was transferred to the sample window of a SPERM HY-
LITER�-masked slide (see Table 1) and processed in accordance
with the above labeling protocol.

KPIC Stain Interference Study

Kernechtrot–Picroindigocarmine is a staining method that is
widely utilized by forensic laboratories for the microscopic identi-
fication of human spermatozoa in SAE. Therefore, smear slides
that had been previously stained with KPIC were tested for their
ability to be restained and reanalyzed using the SPERM HY-
LITER� protocol developed herein. Both plain glass microscope
slides and microscope slides provided within the SPERM HY-
LITER� kit were used. Semen samples were obtained from 25
individuals from a local sperm bank or from healthy volunteers,
and buccal swabs were obtained from 15 healthy volunteers.
Swabs were prepared from all body fluids, and cells were isolated
as previously described. The sample cells were each resuspended
in 100 lL of PBS. Twenty-microliter aliquots of both the sperm
and epithelial cell suspensions were combined to form a cell mix-
ture, and 10 lL of the mixture was applied to both a clean glass
microscope slide (Fisherbrand* Plain Glass Microslides; Fisher
Scientific) and to a SPERM HY-LITER�-masked slide. Both
slides were stained with KPIC using commercially available
reagents (Xmas Tree Stain, SERI) according to the manufacturer’s
protocol (see Table 1). However, water was substituted for ethanol
in the final wash step. Stained slides were examined for the pres-
ence of both sperm and epithelial cells using a standard com-
pound microscope. The KPIC-stained slides were examined to
confirm that the appropriate cell types stained differentially: red
for sperm cells and green for epithelial cells. Once KPIC-staining
was confirmed, each microscope slide was further processed using
the SPERM HY-LITER� kit according to the labeling protocol
described earlier.

Alternate Fixation Study

Proper fixation of the sample to the microscope slide is an
essential step in the SPERM HY-LITER� procedure. This is
because of the fact that the multiple wash steps involved in the
staining protocol can wash away improperly fixed cells. The Fixa-
tion Solution provided in the kit was designed for use with the
SPERM HY-LITER�-masked slides at room temperature. Some
forensic laboratories, however, use a variety of alternate fixation
protocols, some of which involve the addition of heat to the slide.
Therefore, it was necessary to test if alternate slide fixation proce-
dures, and in particular heat fixation, did not interfere with the
SPERM HY-LITER� protocol. To do this, several heat- or alco-
hol-fixed sample slides were prepared for analysis. Canine semen,
simian (Macaca mulatta and Macaca fascicularis) semen, human
blood, saliva, urine, and aged human semen samples (semen from
three healthy volunteers stored for approximately 7–12 months
postejaculate at 4 € 1�C) were tested individually. Additionally,
200 lL-aliquots of human semen samples were mixed with 200-
lL aliquots (100 lL of human blood) of human blood, saliva, or
urine, and three commercially available sexual lubricants (Body
Heat Cinnamon Flavored; ID� Fresh Peach; or Fusion Body
Glide), or a commercially available spermicidal film (VCF� Vagi-
nal Contraceptive Film�, Apothecus Pharmaceutical Corp., Oyster
Bay, NY; nonoynol-9, 28%) made into a solution, for analysis. A
solution of the spermicidal film was made by dissolving one film
square in 25 mL of 18-MX filter-purified water that was warmed
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to �37 € 1�C. Ten microliters of the individual samples or pre-
pared sample mixtures were plated on ProbeOn� Plus positively
charged microscope slides (Fisherbrand ProbeOn� Plus, Fisher
Biotech, Pittsburgh, PA; see Table 1). It should be noted that the
composition of charged microscope slides from both Independent
Forensics and Fisher Scientific are proprietary, so neither firm
would disclose formulation. However, both firms indicated that the
action of the slide was much like that of poly-lysine coatings.
ProbeOn� Plus slides were used exclusively for this portion of the
study. Samples were smeared onto the microscope slides and
allowed to air dry completely before performing the fixation proce-
dure. Human semen was collected from six healthy volunteers, and
human blood, saliva, and urine samples were collected from three
different volunteers. Sexual lubricant and spermicidal solutions
were prepared from individual retail trial-size packages of each
material described earlier. For this portion of the study, all canine
semen samples were replicates of an ejaculate from a single sub-
ject. Owing to the small sample quantities, canine semen was only
alcohol fixed. Macaque semen used in this study was donated by
investigators at the California National Primate Research Center
(CNPRC) at the University of California, Davis. The samples
obtained came from the ejaculates of three separate subjects, but
the quantity of sample prohibited the preparation of replicate slides.
All macaque semen samples were obtained preheat fixed to plain
glass microscope slides. Heat fixation of macaque slides was car-
ried out at the CNPRC facility as a precautionary measure against
the possible spread of hepatitis that may have been present in the
primate semen samples at the time of sampling. While it is known
that a heating block was used, the exact heat fixation protocol is
unknown.

The alcohol fixation procedure consisted of first suspending the
microscope slide in 95% methanol at )20�C for 25 min and then
in reagent-grade acetone at )20�C for 15 min. This was carried out
in separate, sterile 50-mL conical tubes to ensure that there was no
cross-contamination from sample to sample. Samples were allowed
to air dry completely after incubation in each solution. Once com-
pletely dried, a hydrophobic barrier was drawn around the sample
area of each slide, and the fluorescent labeling procedure was per-
formed. Heat fixation was achieved by gently waving the air-dried
slide (sample side up) over a small Bunsen burner flame several
times, with care given to prevent discoloration of the sample by
excessive heating. As soon as each slide cooled, a hydrophobic bar-
rier was applied, and the fluorescent staining procedure was per-
formed. Processed slides were visualized using phase-contrast and
FITC imaging.

Results

Species Study

The Alexa 488-antibody–dye complex showed no apparent affin-
ity for the nonhuman mammalian sperm cells tested. All nonhuman
SPERM HY-LITER�-stained ejaculate samples (i.e., bovine,
canine, caprine, equine, feline, murine, ovine, porcine, and simian
[Pan troglodytes]) consistently failed to reveal any fluorescent sig-
nal. Notably, the antibody complex did not cross-react with sperma-
tozoa from the common chimpanzee (Pan troglodytes). Proper
application of the SPERM HY-LITER� reagents was confirmed
through microscopic visualization of cells using a DAPI filter. All
cells that contained nuclei properly stained with the DAPI fluoro-
chromes, which consistently appeared bright fluorescent blue in
color. Phase-contrast imaging of identical image frames confirmed
that DAPI staining correlated with cell nuclei within the sample

slide. Alexa 488 dye fluorescence was not observed in any of the
replicate nonhuman mammalian sample slides.

Sensitivity Study

Using the FITC fluorescent filter, stained slide preparations of
sperm and epithelial cell dilutions (i.e., 1:1, 1:4, 1:8, and 1:10, vol-
ume of sperm cell suspension to volume of epithelial cell suspen-
sion) visibly demonstrated strong Alexa 488 fluorescent signals
from human spermatozoa in the sample. Clear fluorescent signals,
bounded by each sperm head, were observed. The acrosome, equa-
torial segment, and the postacrosomal region of the sperm cell head
each appeared fluorescent green in color as a result of being stained
with the antibody–dye complex. Epithelial cells from both the oral
and vaginal cavities are of the simple squamous type. Therefore,
all human epithelium used in these studies was simple squamous
epithelium. Buccal cells were often used instead of vaginal cells,
because they were easier to obtain and more readily available than
vaginal epithelium. Regardless of the origin of the simple squa-
mous epithelium used, neither buccal nor vaginal cells ever fluo-
resced when following the developed SPERM HY-LITER�
protocol. Moreover, epithelial cells in the sample mixtures did not
physically prevent the proper staining of sperm cells. The Alexa
488 fluorescent signal also allowed viewing of sperm cells that
were visually obscured by epithelial cells when using phase-con-
trast or DAPI imaging. An example of this can be seen in Fig. 1,
which shows side-by-side comparisons of the phase-contrast, DAPI,
and FITC images of a 1:10 sperm-to-epithelial cell mixture. Affin-
ity of the antibody complex was only observed toward human
sperm cells within the sample mixture. Affinity of the antibody
toward nontarget cells was not observed in any of the replicate
samples analyzed. Figure 1A demonstrates that the visualization of
the sperm cells using phase-contrast imaging was often difficult.
DAPI fluorochromes successfully stained both epithelial and sperm
cell nuclei within the sample mixtures, as can be seen in Fig. 1B,
but individualization of sperm cells remained difficult. By contrast,
visualization under FITC revealed brightly displayed sperm cells
only without cross-reaction of the antibody with any epithelial cell
components (see Fig. 1C).

Reproducibility Study

Numerous replicate samples were processed and analyzed using
the SPERM HY-LITER� kit for each of the sample types
prepared for the various studies discussed herein (see Table 1).
Unstained human spermatozoa were not observed in any of the
SPERM HY-LITER�-stained replicate samples tested in the Sensi-
tivity, Case-Type Samples, Mixture, KPIC Stain Interference, or
Alternate Fixation studies. This includes the replicate samples
prepared using aged semen samples, semen samples mixed with
spermicide, and semen samples mixed with sexual lubricants per-
formed in the Alternate Fixation study. An exception to this was
seen along the border of the hydrophobic barrier. Human spermato-
zoa caught under the hydrophobic barrier or in close proximity
(<1 mm) to it did not stain in any of the sample replicates. Sper-
matozoa from all of the nonhuman mammalian species tested (i.e.,
bovine, canine, caprine, equine, feline, murine, ovine, porcine, and
simian [Pan troglodytes, Macaca mulatta, and Macaca fascicular-
is]) did not display an Alexa 488 fluorescent signal when observed
in any of the replicate sample slides prepared in the Species, Mix-
ture, and Alternate Fixation studies. Similarly, FITC fluorescent
signals were not observed from nontarget cells found in human
blood, urine, saliva, or vaginal secretions in the replicate sample
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slides prepared for the Sensitivity, Case-Type Samples, Specificity,
Mixture, KPIC Stain Interference, or Alternate Fixation studies.
The notable exception to this is that nontarget cells from human
blood, urine, and saliva did cross-react when heat fixed in the
Alternate Fixation study. In these heat-fixed samples, staining was

completely nonspecific and was observed in all nontarget cells.
Visualization of stained human sperm cells in the heat-fixed sexual
lubricant and human sperm cell mixture samples performed in the
Alternate Fixation study was uniformly difficult because of very
high background fluorescence. However, sperm cells were com-
pletely obscured in only one of the replicate slides in the Alternate
Fixation study. Partial visualization was still possible in the remain-
ing replicates. Otherwise, background fluorescence was never an
issue for any sample slide in any of the studies conducted.

Case-Type Samples Study

Human spermatozoa were not observed in any of the precoital
vaginal swabs using phase-contrast, DAPI, or FITC visualization
techniques. Visualization of the precoital vaginal swabs with a
DAPI filter confirmed that the samples were properly stained using
the SPERM HY-LITER� kit, as epithelial cells were stained with
the DAPI fluorochrome. Human sperm cells from the postcoital
vaginal swabs were identified via phase-contrast and DAPI imaging
and were routinely and easily identified using the FITC filter. In
contrast, vaginal epithelial cells from the postcoital vaginal swabs
did not fluoresce and were, therefore, not identifiable when viewed
using the FITC filter. The Alexa 488-antibody complex showed no
apparent affinity for the vaginal epithelial cells in either the pre- or
postcoital vaginal swabs (images not shown). Additionally, the epi-
thelial cells did not physically prevent staining of the spermatozoa.

Identical results were obtained when pre- and postcoital vaginal
swabs were smeared on plain glass microscope slides without prior
cell removal from the sample swab. Spermatozoa were not
observed in any precoital vaginal smears using phase-contrast,
DAPI, or FITC imaging techniques. However, proper staining of
precoital sample slides was confirmed by the visualization of
DAPI-stained vaginal epithelial cells. In contrast, spermatozoa were
observed in all postcoital vaginal swab samples under phase-con-
trast, DAPI, and FITC filters. Correlation of Alexa 488 fluorescent
signals to sperm heads was confirmed using the phase-contrast and
DAPI filters. The use of plain glass microscope slides for the visu-
alization of SAE-type samples required that extra care be used dur-
ing the wash steps to avoid sample loss. This involved using a
dropper rather than a standard wash bottle to apply a reduced vol-
ume of wash buffer (1–2 mL) with a less forceful flow between
applications of the chemical solutions. In each case, the use of
plain glass microscope slides did not interfere with or prevent
proper staining of the spermatozoa. Additionally, prior cell removal
from the cotton swab did not prevent sufficient sample fixation to
the slide. The results described here were consistent for all the pre-
and postcoital sample replicates (images not shown).

Specificity Study

The antibody used in the SPERM HY-LITER� kit did not cross-
react with the blood, saliva, or urine samples that were tested. No
fluorescent signals were observed when the complete sample area of
each of these body fluids was scanned using the FITC filter. How-
ever, the cell types appropriate to each body fluid (i.e., epithelial,
erythrocytes, leukocytes) were observed in the sample slides using
phase-contrast imaging. Likewise, those cells exhibiting chromatin
material (i.e., epithelial, leukocytes, and rarely, an immature erythro-
cyte) fluoresced when DAPI filters were used. Spermatozoa were
not observed in any of the tested body fluid samples, most notably
urine, when viewed using phase-contrast, DAPI, or FITC filters.
Sample results discussed here were observed in all replicate body
fluid samples tested (images not shown).

A

B

C

FIG. 1—Single sperm cell (note center of photograph) among a vast
excess of human epithelial cells can be extremely difficult to detect when
visualized using phase-contrast imaging (A). When visualized under a DAPI
filter, nuclei of both epithelial and sperm cells can be detected (B);
however, sperm cells are still difficult to distinguish. However, only the
single human sperm cell head is visualized under the FITC filter (C). Cross-
reactivity or physical inhibition of the SPERM HY-LITER� antibody was
not seen with nontarget cell types. 200· magnification.
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Mixture Study

When mixed with human spermatozoa, cell suspensions from
human saliva, urine, and blood did not physically prevent the
SPERM HY-LITER� antibody–dye complex from binding to
human sperm cells. Additionally, cross-reaction of the antibody
with the nontarget cells was not observed in the presence of
human spermatozoa. Figure 2 shows the side-by-side comparison
of the phase-contrast, DAPI, and FITC images of a human semen
and saliva cell suspension mixture. In the figure, a single uncov-
ered sperm cell can be clearly seen in the center of the phase-con-
trast, DAPI, and FITC images. The phase-contrast image of Fig. 2
also reveals a single sperm cell in the lower left of the frame that
is completely covered by an epithelial cell. Despite being com-
pletely masked, the covered sperm cell is properly labeled with
both the DAPI and FITC stains (Fig. 2B,C, respectively). Similar
results were observed in each of the cell sample mixtures tested.
Using the FITC filter, Alexa 488–stained human sperm cells were
seen in the presence of unstained nontarget cells from human
blood, urine, and saliva.

The nonhuman mammalian semen samples tested (i.e., bovine
[Bos Taurus], canine [Canis lupus familiaris], caprine [Capra
aegagrus hircus], equine [Equus ferus caballus], feline [Felis ca-
tus], murine [Mus musculus], ovine [Ovis aries], porcine [Sus
domestica], and simian [Pan troglodytes]) did not cross-react with
the SPERM HY-LITER� antibody in the presence of human sper-
matozoa. Most notably, sperm cells from the common chimpanzee
(Pan troglodytes) were not stained with the Alexa 488-antibody
complex. This can be seen in Fig. 3, which demonstrates the side-
by-side comparison of the phase-contrast, dual DAPI ⁄ FITC, and
FITC images of a human semen and common chimpanzee semen
mixture sample. Figure 3A shows the phase-contrast image of sev-
eral sperm cells of similar morphology scattered throughout the
frame. Comparison of the phase-contrast and dual DAPI ⁄ FITC
images demonstrates that the sample slide was properly stained
with the SPERM HY-LITER� kit, as all sperm cell nuclei in the
sample are labeled with the DAPI stain. Furthermore, it shows that
human spermatozoa can be identified by both blue and green fluo-
rescence, while chimpanzee spermatozoa can only be identified by
blue fluorescence. Lastly, visualization of only the FITC image
reveals the human sperm cells in the sample that were exclusively
labeled with the Alexa 488-antibody complex. Identical sample
results could be seen from replicate sample mixture slides of each
of the mammalian species tested with each of the filters used.

KPIC Stain Interference Study

Semen and epithelial cell mixtures were successfully fixed and
KPIC stained on both SPERM HY-LITER�-masked slides and
plain glass microscope slides. The previously KPIC-stained sample
slides were then stained using the SPERM HY-LITER� kit. This
was carried out to see whether previously KPIC-stained slides
could be restained and reanalyzed using the dyes from the kit. The
KPIC stain was consistently removed by the SPERM HY-LITER�
staining procedure. Consequently, KPIC staining did not result in a
visible color change of the Alexa 488 and DAPI stains or prevent
the dyes from properly staining the cells in the sample. Human
sperm cells in the mixture samples were properly stained with the
Alexa 488-antibody complex and identified using the FITC filter.
Both the sperm and epithelial cells were labeled with the DAPI flu-
orochromes. Correlation of the cell type to the observed dye was
confirmed by comparing the FITC and DAPI photomicrographs
with phase-contrast imaging. Identical results were obtained

whether plain glass or charged microscope slides were used.
Additionally, samples were not lost from either the SPERM HY-
LITER�-masked slides or plain glass microscope slides after the
second staining procedure. These results were obtained for all the
replicate sample slides tested (images not shown).
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C

FIG. 2—Mixed human epithelial and sperm cells, such as that observed
in sexual assault evidence, may be visualized under phase-contrast imaging
(A); however, sperm heads may be masked by the much larger epithelia
(note lower left of photograph). When visualized under a DAPI filter, nuclei
of both epithelial and sperm cells are visible (B). Note that sperm heads
previously masked by epithelia are now visible using the DAPI filter (lower
left of photograph). Only human sperm cell heads are able to be visualized
under a FITC filter (C). Photographs taken under 200· magnification.
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Alternate Fixation Study

The alcohol fixation procedure did not result in nontarget staining
of the SPERM HY-LITER� antibody toward canine sperm cells,

or human saliva, urine, and blood cell suspensions. These results
were consistent for both the neat samples and samples mixed with
human semen. Alcohol-fixed aged human semen samples and
human semen samples mixed with spermicidal solution displayed
Alexa 488 fluorescent signals comparable to fresh ejaculate semen
samples. Refrigeration of the aged semen samples was typical of
standard SAE storage conditions encountered in forensic laborato-
ries. Our results demonstrate that the SPERM HY-LITER� kit is
capable of detecting human sperm cells in semen samples subjected
to standard storage conditions for up to 1 year. Alcohol-fixed semen
samples that were mixed with sexual lubricants were also success-
fully stained with the antibody–dye complex. However, excess
unbound Alexa 488 dye was observed in close proximity to the
sperm heads of sample mixtures containing sexual lubricants
(images not shown). This was likely due to excess dye that
remained trapped in the lubricant on the slide as a result of incom-
plete washing during the rinse procedure. Regardless, the excess dye
did not interfere with sperm cell staining or visualization. While the
alcohol fixation procedure was capable of fixing the prepared sam-
ple smears to the ProbeOn� Plus microscope slides, care was
needed to ensure that cells were not lost from the slide as a result of
the staining procedure. In our hands, this was primarily an issue
with samples containing blood or sexual lubricants. To avoid sample
loss, smaller volumes of wash buffer (1–2 mL) were rinsed over the
sample using a dropper instead of a standard wash bottle. The sam-
ple results discussed here were identical for the replicate sample
slides tested.

Conversely, nonspecific antibody staining was often observed
using the SPERM HY-LITER� kit on microscope slides that were
heat fixed using a Bunsen burner. Nontarget cells (i.e., epithelial,
erythrocytes, and leukocytes) from human blood, urine, and saliva
cell suspensions were stained at similar intensities to human sperm
cells that were also stained in the sample mixtures. These nontarget
cells were also stained with the Alexa 488 dye in samples without
human spermatozoa. In the presence of spermatozoa, visualization
of sperm cells was inhibited because of the fluorescence of other
nontarget cells in the sample. Complete inhibition of the detection
of sperm cells was predominantly seen in human blood and semen
mixture samples. An example of the antibody’s nonspecific staining
of human blood can be seen in the phase-contrast, FITC, and field
overlay images shown in Fig. 4. The fluorescent signals from the
nontarget cells in the sample mixture were of similar intensity to
those observed from human sperm cells. Consequently, identifica-
tion of sperm cells in these samples was difficult. An exception to
this observation was seen in heat-fixed slides containing simian
(Macaca mulatta and Macaca fascicularis) sperm cells. The heat-
fixed nonhuman primate sperm cells did not fluoresce after being
stained with the Alexa 488-antibody complex. This may be because
of the use of a lower temperature heating block to fix the samples,
whereas other samples in the study were heat fixed with a high tem-
perature Bunsen burner flame. Effects of temperature variations on
the SPERM HY-LITER� kit were not further explored in this
study. Heat-fixed samples containing sexual lubricants also showed
an increased level of background fluorescence that significantly hin-
dered the identification of spermatozoa. This apparent retention of
excess dye in the background of the heat-fixed samples was compa-
rable to that seen in the alcohol-fixed lubricant samples. However,
in the alcohol-fixed samples, the effect was contained to the area
immediately surrounding the sperm heads and did not interfere with
sperm cell visualization. The excess dye throughout the slide field
in the heat-fixed lubricant sample preparations significantly limited
the viewer’s ability to identify human sperm cells. This effect was
the most pronounced in the ID� Fresh Peach lubricant samples,
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FIG. 3—With human and common chimpanzee (Pan troglodytes) semen
mixtures, individual sperm cells from each species are almost indistinguish-
able from one another under phase-contrast imaging because of their simi-
lar morphology (A). Nuclei of both human and chimpanzee sperm cells are
visible under DAPI and FITC filters, but blue-green coloration is only visi-
ble with human sperm cells because the Alexa 488 dye only stains human
cells (B). When visualized exclusively under a FITC filter, only human
sperm cells are visible (C). SPERM HY-LITER� did not label nonhuman
primate spermatozoa. All images taken at 200· magnification.
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which was the most viscous of the sexual lubricants tested. Figure 5
shows the phase-contrast, FITC, and field overlay images of an ID�

Fresh Peach lubricant sample mixed with human semen. Despite the
limitations observed from heat fixation, fluorescent labeling of aged

human semen samples and human semen samples mixed with sper-
micide was not inhibited. Both sample types were stained with simi-
lar intensity to fresh semen sample ejaculates that were fixed
according to the SPERM HY-LITER� protocol.

Discussion

The purpose of this study was to critically evaluate the perfor-
mance of the SPERM HY-LITER� kit for forensic use, particu-
larly with SAE. As far as we are aware, this is the first
commercially available confirmatory test for the visual identifica-
tion of human spermatozoa that does not rely on morphological
characteristics or nonspecific staining to positively identify human
sperm heads. This statement is made with the understanding that
SpermPaint is not commercially available for routine use in foren-
sic laboratories.

Over the years, several studies have been performed in an
attempt to estimate an optimal time frame for detection of seminal
markers from postcoital vaginal swabs. From these studies, a num-
ber of different factors have been shown to affect time range esti-
mates of detection (6). However, it is generally agreed that
spermatozoa will, on average, persist longer than other seminal
fluid markers (6,18,31,34,35). The detection of seminal fluid mark-
ers such as PSA and SVSA at high concentrations is generally con-
sidered indicative of the presence of semen in the absence of
spermatozoa (11–14,31). However, results indicating low concentra-
tions of the respective marker, such as in degraded or (c)old case
samples, can confound the analyst’s interpretation of the presence
of semen on evidentiary items. This is because of the fact that the
seminal markers most often tested are found at low concentrations
in other sources (7,9,11,14,17,18,20,26,30,31). As a result, they are
not completely specific to human semen. Conversely, the detection
of spermatozoa in SAE is still widely considered confirmatory for
the presence of semen (4–13). Therefore, the identification of sper-
matozoa, and in particular sperm heads, in unknown biological
stains is the most direct method of confirming the presence of
semen on the item in question. The results of this study show that
microscopic visualization of human sperm heads in the presence of
other body fluids and commonly encountered SAE scenarios is
greatly improved using SPERM HY-LITER� over traditional
staining methods. Our studies also demonstrate that the Alexa-
bound antibody supplied within the kit specifically stains human
sperm heads when the staining protocol described herein is fol-
lowed. Additionally, although slides in this study were viewed
immediately, Alexa 488 fluorescent signal intensity was not
observed to decrease when the same slides were viewed up to a
week later. In fact, our ongoing work (not reported here) indicates
that samples remain fluorescent for up to 2 years after staining.

While further sample testing of semen from greater and lesser
nonhuman primates is desirable, our studies showed that the
SPERM HY-LITER� antibody does not cross-react with semen
from the common chimpanzee (Pan troglodytes), two types of
macaques (Macaca mulatta and Macaca fascicularis), and several
other mammalian species (i.e., Bos Taurus, Canis lupus familiaris,
Capra aegagrus hircus, Equus ferus caballus, Felis catus, Mus
musculus, Ovis aries, and Sus domestica). This is in contrast to
other seminal markers that show cross-reactivity (7,31,33). Addi-
tionally, other nontarget cells found in human blood, urine, saliva,
or vaginal secretions were not stained with the Alexa 488-antibody
complex. These results indicate that the antibody is specific for
human sperm cells and does not cross-react with the semen from
common species or with human tissues likely to be encountered in
SAE. Perhaps the most beneficial characteristic of the SPERM
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FIG. 4—Heat fixation of slide samples with a Bunsen burner prior to the
SPERM HY-LITER� staining procedure resulted in the labeling of nontar-
get cell types. Visualization of phase-contrast images reveals blood cells in
the sample (A). Using an FITC filter reveals the cells stained in the proce-
dure with the antibody–dye complex (B). An overlay comparison of the
phase-contrast and FITC images reveals the correlation of the antibody with
the stained blood cells (C). The SPERM HY-LITER� kit loses its specificity
when applied to samples fixed with extreme heat. Photographs taken at
200· magnification.
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HY-LITER� kit observed from our sample mixture experiments
was the ability of the fluorescent antibody to stain sperm cells that
were completely obscured by other nontarget cell types. The most
practical advantage of this is that analysts can quickly detect sperm
cells in the presence of other nontarget cell types, even when these
cells greatly outnumber and ⁄ or obscure the numbers of spermato-
zoa that might otherwise remain undetected through the use of
current nonspecific staining techniques. Therefore, the SPERM
HY-LITER� kit has the potential to greatly reduce the amount of
time necessary to analyze a SAE sample slide, and thus increase
overall sample throughput.

Another advantage of the SPERM HY-LITER� kit is its ability
to fluorescently label sperm cells in SAE that had been previously
analyzed using more traditional staining methods such as KPIC.
The KPIC stain did not prevent antibody staining or visually alter
the color of the fluorescent dyes used in the SPERM HY-LITER�
kit. However, photodocumentation of KPIC-stained slides should
be completed before the slide is processed with the SPERM
HY-LITER� protocol, because the KPIC stain is removed as a
result of additional staining. The results of our studies show that
the developed fluorescent antibody–dye complex is much more
specific for human spermatozoa than traditional sperm-staining
methods. Staining procedures such as KPIC or H&E staining only
create a color contrast for slightly easier viewing (10). Fluorescence
is a defining feature that allows for rapid, easy, and automatable
identification of sperm cells. Fluorescent sperm heads are easily
visible with negligible background staining under ‘‘normal’’ condi-
tions and sufficient sensitivity to identify single sperm heads among
much larger numbers of nontarget cells.

This work also demonstrated that the antibody-binding sites on
the sperm head remained intact despite the fact that some sperm
cells were subjected to prolonged storage for up to 1 year, alcohol
fixation, and exposure to commercial spermicides such as nonoxy-
nol-9. While all of these scenarios have the potential to damage the
sperm cell, nonoxynol-9 is specifically designed to dissolve the
lipid components of the cell membrane (44). Despite these damag-
ing effects, the antibody was still able to attach successfully to the
acrosome, equatorial segment, and postacrosomal region of the
sperm heads without loss of specificity. Given the large backlog of
unsolved SAE cases in storage (1), the ability of the SPERM HY-
LITER� kit to function on significantly aged samples of unknown
condition should greatly benefit future analysis of (c)old cases.

The mechanism for the loss of antibody specificity with heat-
fixed samples was not explored. However, it is reasonable to
assume that proteins to which the antibody binds on the surface of
the sperm head are denatured with increased temperatures. While
the effective temperature range of the antibody in the SPERM
HY-LITER� kit was not tested, serological stains have been
observed to remain immunologically reactive after exposure to tem-
peratures as high as 68�C (5). Our studies showed that extreme
temperatures will affect the specificity of the antibody used in the
kit. Despite nontarget cell fluorescence, visualization of individual
sperm cells in the sample mixtures was still possible. However, this
visualization was largely because of morphological differences
observed between sperm cells and other nontarget cell types (i.e.,
epithelial cells). Of the sample mixtures tested, blood mixtures dis-
played the most drastic interference because of the amount of non-
target cells present and similar morphology of red blood cells and
sperm cell heads. The nonhuman primate sperm cells were the only
heat-fixed cell type that did not fluoresce in a similar fashion to
the labeled human sperm cells. The fixation protocol used by the
CNPRC employed a heating block rather than a Bunsen burner, so
fixation temperatures were likely much lower in the nonhuman

primate samples. A Bunsen burner was used in this study to dem-
onstrate the effects of over heat fixing. However, further testing of
more controlled heat fixation protocols is warranted for those labo-
ratories wishing to deviate from the fixation protocols that are
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FIG. 5—Heat-fixed samples of mixed human sperm cells and ID� Fresh
Peach sexual lubricant may be visualized under phase-contrast imaging (A).
Upon visualization using an FITC filter (B), the sperm cells are not as eas-
ily distinguishable as when the sexual lubricant is not present. An overlay
comparison of the two images (C) reveals that much of the antibody–dye
complex remains in the sexual lubricant remaining on the slide sample. This
excess dye causes visual interference from the sample background, making
identification of the sperm cells difficult. Photographs taken at 200·
magnification.
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recommended here. The wash steps required by the kit’s protocol
dramatically increases the likelihood of loosing sample evidence on
slides that are poorly fixed. Slide fixation parameters other than
those described in the SPERM HY-LITER� kit should be care-
fully tested for increased fluorescent background and sample loss.
Masked slides and Fixation Solution are supplied in, and work opti-
mally with, other kit components. It is highly recommended that
charged slides rather than plain glass slides be used.

Among the unexpected effects seen as a result of heat fixation
was the interference observed in the presence of sexual lubricants.
While the spermatozoa were still labeled properly, excess antibody
was retained on slides containing lubricants, with more pronounced
background fluorescence associated with the more viscous lubri-
cants. This retention of the antibody–dye complex to the slide often
restricted visualization of individual sperm cells. In one instance,
nonspecific staining was so great that no direct outline of the sperm
cells could be seen. Nonspecific staining was not observed in lubri-
cant samples that were alcohol fixed. Only a small amount of excess
stain was seen in alcohol-fixed samples surrounding the sperm head,
and visualization of the sperm heads themselves was not hindered.
This was probably due to the fact that the alcohol fixation procedure
dissolved a majority of the sexual lubricant on the slide. It is possi-
ble that the alcohol washed away more of the lubricant on the sam-
ple slides prior to labeling, which limited the amount of dye that
could be retained on the slide. If the presence of sexual lubricants is
suspected, it might be beneficial to rinse the slides for a longer per-
iod of time in between labeling solutions. However, vigorous wash-
ing will also increase the risk of sample loss.

The dramatic contrast produced by the Alexa 488 dye used in this
kit, in concert with modern laser microdissection platforms, provides
a readily automatable method for the detection and separation of
human spermatozoa from female vaginal cells (2,3). Such automated
platforms could save both analyst time and laboratory resources, sig-
nificantly improving turn-around time in cases involving SAE, even
in backlogged cases stored for a prolonged period of time.
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