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ABSTRACT: Archived slides of cell smears treated with histological stains for sperm detection are often the only source of DNA available when
cold cases are reopened. There have been conflicting reports as to the negative effects of particular histological stains on DNA recovery and quality
from human cells, making stain selection an important consideration for forensic laboratories. This study investigates the effect of several staining
systems on DNA recovery from histological slide samples stored from 0 to 10 weeks. DNA profiles obtained after analysis of these samples with
AmpFlSTR� Identifiler� and increased cycle AmpFlSTR� SGM Plus� short tandem repeat (STR) profiling systems and the effects that these stains
have on DNA quantity and quality over time are described. Results indicate that Christmas Tree and Hematoxylin and Eosin stains do not have
significantly different effects on DNA quality after 10-week storage of slides. This research will assist scientists to select staining systems that have
minimal deleterious effects on the DNA recovered.
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The advent of improved cell selection methods using laser
microdissection (LMD) technology has given forensic scientists the
ability to isolate cells that are differentially stained to indicate cell
type, and the increased sensitivity offered by sensitive multiplex
short tandem repeat (STR) systems allows DNA profiling from
very few selected cells. Although LMD is becoming more com-
monplace in forensic laboratories, glass slide preparations for the
detection of sperm are still standard practice and may be the only
available DNA source in the reopening of cold cases. Because of
the sensitivity of the DNA profiling systems to any co-extracted
inhibitors, and the possibility that only small numbers of cells are
available for testing from the slides, it is important that the staining
methods utilized for cell identification have minimal impact on
downstream DNA analysis.

There are a range of histological stains used to detect the pres-
ence of sperm in forensically important biological samples. The
most commonly used histological stains in forensic laboratories are
the Hematoxylin and Eosin (H&E), Papanicolaou, and Christmas
Tree stains (1,2) but Giemsa, Crystal Violet, and Methylene Blue
stains are also used. Recently, there have been conflicting reports
as to the negative effects of histological stains on the quality and
quantity of DNA extracted from slides, although the majority of
these focus on the use of LMD slides. In particular, studies by Di
Martino et al. (3) and Sanders et al. (4) have indicated that the
Picric acid in Christmas Tree staining degrades DNA and inhibits
the PCR, while Pritchard et al. (5) reported no adverse effects from
using this stain. Because of its ease of interpretation, the Christmas
Tree stain is one of the most widely used histological tests for the
identification of sperm in sexual assault cases, so its effects on

DNA recovery have far-reaching implications. H&E staining is one
of the most common stains used in human histology, including
forensic laboratories, and can be used for identification of sperm
by cell shape and color variation. Amplification of DNA from
H&E- and Papanicolaou-stained cytological slides has been previ-
ously investigated using individual STR PCR (6), but not with the
multiplex systems currently in use.

This study focuses on the analysis of DNA from stained vaginal
epithelial cells permanently mounted on glass slides stored for
varying lengths of time. Epithelial cells recovered from an archived
slide are generally considered to be more problematic for DNA
profiling. The H&E and Christmas Tree staining methods were
selected for investigation because of their widespread use in foren-
sic laboratories. Two further stains were selected because of our
laboratory’s interest in identification of epithelial cell types. A mod-
ified Danes stain was developed to distinguish vaginal from buccal
and skin epithelial cells (7), and we have been investigating the use
of 3.3¢-diaminobenzidine tetrahydrochloride–peroxidase immuno-
histochemistry (immuno-DAB) and specific protein markers as an
alternate method to identify specific epithelial cell types in forensic
samples (8).

Materials and Methods

Epithelial Cell Slide Preparation

Vaginal cells from a single donor were collected onto cotton
swabs (Medical Wire & Equipment Co., Bath, UK), stored at room
temperature for up to 24 h, and then smeared directly onto glass
slides (Esco, Oakridge, NJ). The majority of cells were fixed in
50:50 acetone:methanol for 90 sec. Because of the particular
requirements of the modified Danes staining procedure, samples to
be stained using this method were smeared onto Poly-l-lysine-
coated slides and fixed in methanol for 10 sec. A number of
unstained cell slides were also prepared using the Poly-l slides and
methanol fixation to confirm that these changes had no additional
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effect on the DNA extraction (data not shown). Six slides were pre-
pared for each treatment at each time point.

Slide Staining

Four different staining methods were examined during this study.
H&E staining was carried out by pipetting the stains directly onto
slides to avoid cross contamination by use of stain baths. Slides
were stained with Hematoxylin (BDH Chemicals, Poole, UK) for
5 min and washed with tap water, then stained with Eosin (Merck
KGaA, Darmstadt, Germany) for 1 min and washed with tap water.
Christmas Tree staining was also carried out directly onto slides
that were incubated at room temperature with Nuclear Fast Red
(BDH Chemicals) for 15 min, washed with distilled water, stained
with Picroindigocarmine for 15 sec and then rinsed with absolute
ethanol. Treatment of methanol-fixed cells with the modified Danes
staining process was performed as described in French et al. (7)
and included use of Hematoxylin, Lithium Chloride (BDH), Phlox-
ine (Harleco, Philadelphia, PA), Alcian Blue (Serva, Heidelberg,
Germany), and Orange G (BDH) stains. DAB immunohistochemis-
try was carried out as described previously (8), but using mouse
anti-cytokeratin 13 (anti-CK13) (Novocastra, Newcastle, UK) as
the primary antibody. Slides containing fixed, unstained cells were
used as the positive control in this experiment.

After the staining treatment, all slides were air-dried, then
mounted with a coverslip using DPX permanent histology moun-
tant (Fluka, Sigma Aldrich, Germany), and left to set overnight in
a fume hood.

Slide Storage

Mounted slides were stored at room temperature for a range of
time points (0, 2, 4, 10 weeks). For the 0-week storage time
point, the slides were dried overnight to allow the mountant to
set and then the next day transferred to the xylene soak for
coverslip removal. Stained and mounted slides were visualized
with a Leica DM 1000 LED compound light microscope and
the Leica LAS imaging software (Leica Microsystems, Wetzlar,
Germany). Representative images of the samples were captured
for each slide. The numbers of cells present in each of five ran-
domly selected fields of view within the stained area of the slide
were counted, and the total number of cells present per slide cal-
culated using the area of the fields of view and the total area
covered by the stain.

DNA Extraction

The coverslips were removed from the sealed slides by soaking
overnight in xylene. Cells were scraped from the surface of the
glass slide using a sterile scalpel blade and washed into a
microfuge tube with small aliquots of xylene (not exceeding
100 lL in total). Cells were collected by centrifugation at
15,700 · g for 10 min, washed with ethanol to remove xylene from
the samples, and recentrifuged. DNA was extracted following an
organic extraction method adapted from Bright and Petricevic (9).
The cell pellet was resuspended in 300 lL of TBE extraction buf-
fer (1.2 g ⁄L Tris, 3.72 g ⁄ L EDTA, 5.84 g ⁄ L NaCl, pH 8.0), 2%
SDS and 10% proteinase K (Boehringer Mannheim, Mannheim,
Germany) and incubated at 55�C overnight. Following a phenol :
chloroform clean-up, DNA was then recovered by ethanol precipi-
tation (1 ⁄ 10th volume of 2 M Na Ac, 2.5 volume absolute ethanol,
at )20�C for 1 h), centrifugation at 15,700 · g for 15 min, air-
dried, and resuspended into 45 lL of distilled water.

DNA Analysis

The concentration of the DNA sample extracted from each slide
was determined using the Quantifiler� (QF) Human DNA Quantifi-
cation kit (Applied Biosystems Incorporated, Foster City, CA) in
accordance with the manufacturer’s instructions and using an ABI
PRISM� 7500 Real-time PCR System. If inhibition was indicated by
results, then samples were diluted by half and requantified. DNA
amplification was performed using the AmpFlSTR� Identifiler�
(Applied Biosystems Incorporated) STR profiling system at 28
cycles and according to the manufacturer’s recommendations.
Approximately 1.5 ng of DNA was added per reaction. Increased
amplification cycle reactions were carried out using the AmpFlSTR�

SGM Plus� (Applied Biosystems Incorporated) STR profiling sys-
tem. This was performed following the manufacturer's recommenda-
tions except for the PCR cycle number that was increased to 34.
Approximately 0.1 ng of DNA per reaction was used in the
increased cycle reactions for samples at low template DNA levels.
All amplified products were analyzed on an Applied Biosystems�
3130 capillary electrophoresis instrument using a 10 sec injection at
3 kV. Allele peak height and peak area data of the resultant DNA
profiles were analyzed using FaSTR, an in-house program developed
by ESR (10).

Results and Discussion

Four different treatments were used to stain the cells for this
experiment. The positive controls were slides of unstained cells,
fixed and mounted in the same way as the stained samples, and
compared with cells treated with H&E, Christmas Tree, Modified
Danes, and immuno-DAB stains. Representative images from the
four cell staining methods used are shown in Fig. 1. Once mounted
with DPX and a coverslip, the unstained cells could not be easily
visualized with the microscope, and so the number of cells present
on these slides could not be calculated.

The stained slides were stored at room temperature for a range
of time periods from 0 to 10 weeks, and then the DNA was
extracted from the samples using an organic extraction method.
Although stained slides from forensic casework may be stored for
years, the 10-week period was selected for the initial study on the
effect of staining on DNA profiling. The amount of DNA extracted
from the various histologically stained slides was calculated using
the Quantifiler� kit and is presented in Fig. 2. The unstained cells
produced the largest amounts of DNA, followed by the slides con-
taining Christmas Tree- and H&E-stained cells. The other staining
methods produced much smaller amounts of DNA, in particular
the immuno-DAB-stained slides where the quantities were very
low.

As the amount of DNA extracted from any particular slide is
affected by the number of cells on the slide in question, the amount
of DNA extracted from the slides was normalized against the num-
ber of cells present. The normalized data are presented in Fig. 3
but do not include the positive control slides, where the unstained
cells could not be counted. Once adjusted for number of cells, the
amount of DNA extracted from H&E- and Christmas Tree-stained
slides at each time point was more similar.

The Quantifiler� kit also contains an internal control amplifica-
tion reaction that enables the investigator to determine whether the
quantification is being inhibited by compounds present in the
extracted DNA. This is judged by the number of PCR cycles it
takes the internal control reaction to reach a predetermined thresh-
old. None of the reactions with DNA from unstained, H&E-, or
Christmas Tree-stained cells showed any inhibition, but both the
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immuno-DAB- and modified Danes-stained cells were affected
(Table 1).

Statistical Analysis of Effects on DNA Recovery by Staining
Treatments

Examination of the data suggested that there was likely to be an
effect of staining treatment on the mean amounts of DNA extracted
per cell. In particular, it was noted that the amounts of DNA
extracted from immuno-DAB- and modified Danes-treated slides
were lower than that from Christmas Tree- and H&E-treated slides

(Fig. 3). The situation regarding the effect of storage time was
more complex. It would seem that there is an initial rise followed
by decay in amounts of DNA recovery over time; however, this
early rise in DNA extracted per cell is strongly counter-intuitive.
To examine this in a more objective fashion, two-factor analysis of
variance (ANOVA) was undertaken in EXCEL�. When two fac-
tors are examined, the analysis gives us information on each factor
separately and on any potential interaction between the factors. The
analysis confirms a significant effect of staining treatment
(F = 14.5, p-value = 1.25E-07, d.f. = 3). The ambiguous situation
regarding storage time is reinforced by the ANOVA statistic, which

A B

C D

FIG. 1—Representative examples of vaginal epithelial cells treated with the range of stains used in this study and permanently mounted with DPX and a
coverslip. (A) Hematoxylin and Eosin stain. (B) Christmas Tree stain. (C) Immuno-DAB staining, using mouse anti-CK13 as the primary antibody. (D) Modi-
fied Danes stain.

FIG. 2—Total amounts of DNA (ng) extracted per slide for samples stored from 0 to 10 weeks. Data presented as mean total DNA extracted per slide, error
bars indicate standard errors of the mean (n ‡ 6). H&E, Hematoxylin and Eosin staining; CT, Christmas Tree staining; DAB, immuno-DAB staining; Danes,
modified Danes stain.
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gives indications of some effect (F = 2.5, p-value = 0.064,
d.f. = 3). No indication of an interaction between staining treatment
and storage time was found (F = 1.04, p-value = 0.42, d.f. = 9).

The histograms of total DNA extracted from the slides suggested
that there is some difference in the total amount of DNA extracted
from slides stained with Christmas Tree or H&E (Fig. 2), although
there was less evidence of this difference when the data were
adjusted for the number of cells on the slide (Fig. 3). One-factor
ANOVA was carried out in EXCEL� to determine whether there
were any significant differences caused by treatment of slides with
Christmas Tree stain compared to H&E staining. The analysis
showed that there was no indication of a significant effect of treat-
ment on the amount of DNA extracted per cell when comparing
these two stains (F = 1.79, p-value = 0.186, d.f. = 1).

STR Profiling of DNA Extracts

As shown in Fig. 3, the lowest amount of DNA per cell was
extracted from the samples that had been stored for 10 weeks at
room temperature. It was reasonable to assume that these samples
would also display the greatest negative effects on DNA profiling,
and the AmpFlSTR� Identifiler� STR profiling system was first
used to analyze the DNA from these extracted samples.

Full Identifiler� profiles were generated from the DNA
extracted from both the H&E-stained slides (see Fig. 4) and the
positive control slides where the cells were not stained. The profiles
from the Christmas Tree-stained slides showed drop-out of one or

two alleles in some cases (at the FGA, D16S539, and CSF1PO
loci), but samples also produced complete profiles. The decreased
concentrations of DNA extracted from the immuno-DAB- and
modified Danes-stained slides had an effect on the quality of the
DNA profiles produced by these samples. Under standard amplifi-
cation conditions (i.e., 28 cycles), DNA from these slides produced
partial profiles, with between 14 and 19 alleles present of a possi-
ble 32 for the immuno-DAB DNA, and 11–13 alleles present of 32
for the modified Danes-stained DNA. To assess the effects of
inhibitors from the immuno-DAB and modified Danes stains, DNA
from these extractions was also diluted 1 ⁄ 10 before standard ampli-
fication, but this did not improve the profiling results (data not
shown).

The greatest inhibition of the Quantifiler� PCR reaction was
seen in samples extracted from immuno-DAB slides, and some
inhibition was seen in the DNA from the modified Danes-stained
slides, although this effect could be significantly ameliorated by
dilution of the extracted sample. Both of these treatments resulted
in significantly lower levels of DNA being extracted from the
stored slides. Despite the fact that modified Danes-stained slides
produced greater concentrations of DNA than the immuno-DAB
slides, profiles from these stained cells tended to show a greater
level of allelic drop-out. Increased cycle amplification reactions (34
cycles) were carried out on the DNA extracted from the immuno-
DAB- and modified Danes-treated slides in an attempt to improve
the DNA profiles. This procedure resulted in profiles with a higher
proportion of alleles present in all cases with 12–17 of a possible
22 alleles present from the immuno-DAB-treated slides, and 12–13
of 22 alleles present from the modified Danes-treated slides. The
analysis of these samples led to an overall increase in informative
alleles when combined with the Identifiler� profiling results (see
Table 2). The immuno-DAB and modified Danes staining treat-
ments are less likely to have been used on archived casework
slides, but if used in current analysis, then the profiling results
obtained from standard analysis when combined with those from
increased cycle amplification should provide sufficient DNA profil-
ing information to be of evidential use in a case.

We selected the organic extraction method for this study, as it is
the method our forensic casework laboratory currently uses for
retrieval of DNA from archived slides, and because of the necessity
of removing all traces of contaminants such as xylene from the
extracted sample before PCR amplification. It is important to real-
ize that a combination of alternative extraction methods with

FIG. 3—Average quantity of DNA extracted per cell for slides stored from 0 to 10 weeks. Data presented as mean total DNA extracted (ng) per cell, across
slides in a single treatment, error bars indicate standard errors of the mean (n ‡ 6). H&E, Hematoxylin and Eosin Staining; CT, Christmas Tree staining;
DAB, immuno-DAB staining; Danes, modified Danes stain.

TABLE 1—Percentage of inhibited samples for each staining treatment.*

Stain Treatment
Used

Number of
Samples

Quantified
% Showing
Inhibition

% Showing
Inhibition After

1 ⁄ 2 Dilution

H&E 24 0 0
Christmas Tree 24 0 0
Immuno-DAB 23� 50 9
Modified Danes 24 37.5 4
No stain 30� 0 0

*Determined by Quantifiler� internal control results. Samples were
quantified at both full concentration and when diluted by half with sterile
filtered water.

�One slide deemed unacceptable for analysis.
�Includes 6 poly-l lysine slides with unstained cells.
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particular stains and amplification systems may interact differently
and produce different results from those obtained in this study.

Apart from the quantity and quality of the DNA produced after
staining with the methods described, laboratories may have other
considerations when choosing histological stains, such as for health
and safety reasons. In particular, the use of Picric Acid to make
Picroindigocarmine may be of concern in Christmas Tree staining.
Because of safety and other concerns, some laboratories have con-
verted from Christmas Tree staining to the sole use of the Nuclear
Fast Red part of the stain to label cell nuclei in cell smears (11).

The type of slide used and the method of cell recovery from the
slide may also affect the quality of the DNA recovered. In particu-
lar, the development of LMD systems has provided alternate meth-
ods of retrieving tissue from archived cytological slides, and many
LMD systems use alternative slide formats to glass. Elliott et al.
(12) described sperm cell recovery from archived slides using the
Arcturus LMD system, which seals target cells to a membrane
coated cap. LMD and pressure catapulting from archived slides can
be performed using the PALM microlaser system, but because of
the sample damage that may occur it is of more use with robust

samples such as cryptosporidium oocysts (13) or paraffin-embedded
tissue sections (e.g., [14]). Other LMD systems describe transfer of
cells from archived slides to LMD membrane slides using a resin
peel, but this method may involve some loss of the original
sample.

The use of fluorescent-labeling techniques for cell differentiation,
such as sex-chromosome in situ hybridization (15) and Sperm
Hy-liter (16), is being considered for use in some forensic laborato-
ries, and some of these techniques may also have effects during
storage on the DNA that may be later extracted from the cells.
Analysis of the effects over time of these stains, particularly when
used in collaboration with the LMD membrane slides would be a
useful next step in determining best practices in forensic histology
and DNA profiling with long-term storage in mind.

The adverse effects of some histological stains on the quality of
extracted DNA do not necessarily preclude their use in forensic sit-
uations but rather require, where able, adaption of other parts of
the DNA profiling methodology. For example, stains that produce
low levels of good quality DNA can be complemented by the use
of more sensitive DNA profiling systems such as increased amplifi-
cation cycles or enhanced injection parameters, whereas a staining
system that results in co-extraction of inhibitors may benefit from
dilution of the extracted DNA prior to amplification provided suffi-
cient DNA is recovered. DNA profiling results from DNA that has
been degraded by a stain may improve with the use of a mini-STR
amplification system, such as the AmpFlSTR� Minifiler� profiling
system. These systems have been specifically designed for the anal-
ysis of degraded DNA.

Conclusion

Our statistical analysis showed that there was no significant dif-
ference in the amount of DNA recovered from stained slides trea-
ted with the H&E and Christmas Tree stains. None of the samples

FIG. 4—Example of electropherogram of Identifiler� profile of human DNA produced by the FaSTR program. This profile was produced from a slide of
Hematoxylin and Eosin (H&E)-stained epithelial cells that had been stored for 10 weeks. A full profile was produced with no allelic drop-out.

TABLE 2—Percentage of total possible alleles present detected during
profile analysis.

Stain Treatment
Used

Percentage of Total Available Alleles Detected*

Identifiler
Analysis

Combined Identifiler
and LCN SGM Plus Analysis

Immuno-DAB 51.56 € 6.05% 65.63 € 4.42%
Modified Danes 37.5 € 4.41% 44.79 € 1.80%

*Data presented for Modified Danes- and Immuno-DAB-stained samples,
with standard Identifiler profiling, and with the combined results of Identi-
filer and LCN SGM Plus profiling. Data are presented as mean
result € standard deviation of the mean.

SIMONS AND VINTINER • ANALYSIS OF HUMAN DNA FROM ARCHIVED SLIDES S227



treated with either of these stains showed inhibition during the
Quantifiler� PCR reaction used to determine DNA concentrations.
Full Identifiler� profiles were produced from the DNA extracted
from the unstained positive control and H&E-stained slides. Some
complete profiles were produced using the DNA recovered from
Christmas Tree-treated slides, but occasional drop-out of a few
alleles was also observed. These results indicate that it is unlikely
that either stain will adversely affect downstream uses of archived
slides treated with these histological stains and both could be used
with confidence in the forensic laboratory.

Our data indicate that there is some effect of storage time on the
quantity of DNA extracted from stained slides, but statistical analy-
sis indicates that this is not a significant effect. We have presented
data that is derived from examination of a single type of forensi-
cally relevant stained cell. Further study including a larger range of
storage times and different cell types would be beneficial in deter-
mining the true effect of these variables. Additional research on the
particular effects of various parts of the immuno-DAB and modi-
fied Danes staining systems could also elucidate the causes of the
deleterious effects observed in this study.

Conflict of interest: The authors have no relevant conflicts of
interest to declare.

Acknowledgments

Our thanks to J. Dalzell, Forensic Biology Group, ESR for
assistance with the DNA profiling experiments. Thanks also to
L. Melia and J. Patel for reading of manuscripts and helpful
suggestions and to D. Rotherham for assistance with digital
preparation of the manuscript.

References

1. Green W. Clinical forensic medicine: sexual assault and semen persis-
tence. In: Siegel JA, Saukko PJ, Knupper GC, editors. Encyclopaedia of
forensic sciences. San Diego, CA: Academic Press, 2000;397–403.

2. Allery J-P, Telmon N, Mieusset R, Blanc A, Rouge D. Cytological
detection of spermatozoa: comparison of three staining methods. J
Forensic Sci 2001;46:349–51.

3. Di Martino D, Giuffre G, Staiti N, Simone A, Le Donne M, Saravo L.
Single sperm cell isolation by laser microdissection. Forensic Sci Int
2004;146S:S151–3.

4. Sanders CT, Sanchez N, Ballantyne J, Peterson DA. Laser microdissec-
tion separation of pure spermatozoa from epithelial cells for short
tandem repeat analysis. J Forensic Sci 2006;51:748–57.

5. Pritchard M, Ward J, Walsh S, Brooks E. The analysis of mixed gender
epithelial cell samples using laser microdissection and fluorescence in
situ hybridisation. Proceedings of the 19th International Symposium on
the Forensic Sciences; 2008 Oct 6–9; Melbourne, Australia. Brisbane,
Australia: Australian and New Zealand Forensic Science Society
(ANZFSS), 2008.

6. Dimo-Simonin N, Grange F, Brandt-Casadevall C. PCR-based forensic
testing of DNA from stained cytological smears. J Forensic Sci 1997;
42:506–9.

7. French CEV, Jensen CG, Vintiner SK, Elliot DA, McGlashan SR. A
novel histological technique for distinguishing between epithelial cells
in forensic casework. Forensic Sci Int 2008;178:1–6.

8. Paterson SK, Jensen CG, Vintiner SK, McGlashan SR. Immunohisto-
chemical staining as a potential method for the identification of vaginal
epithelial cells in forensic casework. J Forensic Sci 2006;58:1138–43.

9. Bright JA, Petricevic SF. Recovery of trace DNA and its application to
DNA profiling of shoe insoles. Forensic Sci Int 2004;145:7–12.

10. Power T, McCabe B, Harbison SA. FaSTR DNA: a new expert system
for forensic DNA analysis. Forensic Sci Int Genet 2008;2:159–65.

11. Langley KB, Valentine JA, Wojtkiewicz PW. Application of Leica AS
laser microdissection microsystem to expedite forensic sexual assault
casework. Proceedings of the 16th International Symposium on Human
Identification; 2005 Sept 26-29; Grapevine, TX, http://www.promega.
com/geneticsymp16/agenda.htm. Accessed September 28, 2009.

12. Elliott K, Hill DS, Lambert C, Burroughes TR, Gill P. Use of laser
microdissection greatly improves the recovery of DNA from sperm on
microscope slides. Forensic Sci Int 2003;137:28–36.

13. Sunnotel O, Snelling WJ, Xiao L, Moule K, Moore JE, Millar C, et al.
Rapid and sensitive detection of single cryptosporidium oocysts from
archived glass slides. J Clin Microbiol 2006;44:3285–91.

14. Nafe R, Gangnus R, Glienke WG, Burgemeister R, Haar B, Pries A,
et al. Laser microdissection and pressure catapulting (LMPC) in paraffin
sections mounted on glass slides. A methodological report. Pathol Res
Pract 2003;199:411–4.

15. Anslinger K, Bayer B, Mack B, Eisenmenger W. Sex-specific fluores-
cent labelling of cells for laser microdissection and DNA profiling. Int J
Legal Med 2007;121:54–6.

16. Vandewoestyne M, Van Hoofstat D, Van Nieuwerburgh F, Deforce D.
Automatic detection of spermatozoa for laser capture microdissection.
Int J Legal Med 2009;123:169–75.

Additional information and reprint requests:
Joanne L. Simons, Ph.D.
Institute of Environmental and Science Research (ESR) Ltd.
Forensic Biology Group, Mt Albert Science Centre
Private Bag 92021, Auckland Mail Centre
Auckland 1142
New Zealand
E-mail: joanne.simons@esr.cri.nz

S228 JOURNAL OF FORENSIC SCIENCES


