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In this study we report on the development and application of a novel method for efficiently extracting and
detecting single Cryptosporidium oocysts from archived glass slides. Laser capture microscopy was used to
extract low numbers of oocysts from archived glass slides. Highly sensitive real-time PCR methods were then
developed to enable the rapid detection and identification of Cryptosporidium oocysts from these samples. The
method was applied to fecal smears stained with a variety of standard oocyst stains and water samples. This
application, with samples derived from both public health and water service laboratories, highlighted the
strong potential of this method to be used as a rapid high-throughput screening tool for the routine monitoring
of Cryptosporidium and other medically important pathogens from clinical, veterinary, and environmental
water samples. Importantly, the application of our protocol could be used to type Cryptosporidium and other
pathogens from stored archived glass slides in public health and water service laboratories, providing vital
epidemiological updates and helping to identify and trace pathogens and their routes of infection and

ultimately improve their control.

Cryptosporidium spp. are obligate intracellular protozoan
parasites that infect a wide range of vertebrates and undergo
endogenous development, culminating in the production of an
encysted stage (oocyst), which is discharged in the feces of
their host (10, 14). Globally, Cryptosporidium is responsible for
the majority of gastrointestinal parasitic infections, represent-
ing a significant cause of morbidity and mortality in its hosts
(35, 53). There are currently 16 recognized species of Crypto-
sporidium (54-57), and cryptosporidiosis in humans and live-
stock is mainly caused by the zoonotic pathogen Cryptospo-
ridium parvum and the anthroponotic pathogen C. hominis
(21). Cryptosporidiosis in humans usually results in self-limited
watery diarrhea in immunocompetent subjects but has far
more devastating effects on immunocompromised patients,
e.g., AIDS patients, and can be life-threatening due to dehy-
dration caused by chronic diarrhea (10, 11). While no effective
therapy for cryptosporidiosis is currently known (8), a rapid
effective diagnosis of cryptosporidiosis is essential in immuno-
compromised patients because the results could influence ther-
apeutic procedures (49, 50).

Surveys in the United Kingdom and the United States have
shown that between 50 and 80% of standing water is contam-
inated with Cryptosporidium oocysts (26, 55). Cryptosporidium
oocysts are highly resistant to chlorination (36) and can survive
for several months in standing water (38, 52), rendering them
a serious problem for large-scale water suppliers and users of
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private water supplies. The recognition of Cryptosporidium as
an important pathogen and the global increase in immunocom-
promised populations have resulted in a strong demand for
sensitive and reliable detection and typing systems for both
clinical and environmental water samples (21, 32, 51). This
demand is further highlighted because different species of
Cryptosporidium oocysts are morphologically indistinguishable
from each other (15). In developed countries, regulations exist
which require that drinking water suppliers carry out monitor-
ing and risk assessments to establish whether there is a signif-
icant risk from Cryptosporidium oocysts in water supplied from
their treatment works for human consumption (4, 5, 6). During
these activities, samples of water are fixed onto glass slides for
Cryptosporidium analysis (4, 5, 6). Where it is established that
there is such a risk, suppliers must use a process for treating
the water to ensure that the average number of Cryptospo-
ridium oocysts per 10 liters of water is less than 1 (4, 6). Breach
of this drinking water quality standard in the United Kingdom
is a criminal offense, and to facilitate investigations all slides
must be stored in a refrigerator at +2°C to +8°C for a period
of at least three calendar months following completion of anal-
ysis (4, 5, 6). After this time, the slides become accessible for
further analysis; thus a major resource becomes available for
further examination. The application of molecular techniques
for species identification and genotyping from archived glass
slides has the potential to provide detailed epidemiological
information on the cryptosporidia in circulation in each water
catchment. However, until recently, few procedures were sen-
sitive and accurate enough to recover low numbers of oocysts
fixed to glass slides (42, 44).
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Samples from livestock, immunocompromised patients, wa-
ter, and foodstuffs are routinely fixed onto glass slides for
identification of Cryptosporidium. Here we report a novel and
efficient laser capture microscopy method for extracting single
Cryptosporidium oocysts from slides, facilitating rapid and ac-
curate detection of this organism and allowing strain discrim-
ination using real-time PCR and DNA sequencing.

MATERIALS AND METHODS

Cryptosporidium strains. Clinical fecal samples containing C. parvum and C.
hominis were provided by the Northern Ireland Public Health Laboratories,
Belfast City Hospital, Belfast, United Kingdom. C. parvum (reference strain) was
obtained from Moredun Scientific Ltd., Penicuik, Scotland, United Kingdom. C.
parvum oocysts, genotype C (isolate ISSC6), and C. hominis oocysts, Peru (hu-
man) isolate, were also used in this study. All Cryptosporidium oocysts were
stored at 4°C.

DNA extraction from stained oocysts. An initial study was carried out to
ensure that PCR inhibitors and a range of commonly used laboratory stains for
detecting Cryptosporidium oocysts were effectively removed during the DNA
extraction protocol (34). Purified C. parvum oocysts were enumerated using a
hemocytometer, and pellets containing approximately 500 oocysts each were
washed twice in double-distilled H,0 (ddH,0) by centrifugation at 5,000 X g for
2 min. The oocysts were then resuspended in 100 ul of each of the following
staining solutions and/or, where appropriate, combinations of staining solutions:
Ziehl-Neelsen (ZN), carbol fuchsin (CF) (GCC Diagnostics, Flintshire, United
Kingdom), malachite green (GCC Diagnostics), immunofluorescence assay
(IFA) fluorescein (Microgen Bioproducts Limited, Surrey, United Kingdom)
(17), DAPI (4',6’-diamidino-2-phenyindole; Roche Diagnostics Ltd., Sussex,
United Kingdom) (43), and propidium iodide (Sigma, Dorset, United Kingdom).
In each case, where appropriate, the time periods and temperatures of incuba-
tion were in accordance with each manufacturer’s instructions.

Source and preparation of water sample slides. Water sample slides were
prepared for this study by the Northern Ireland Department of Environment,
Water Executive, Cryptosporidium Reference Laboratory. Briefly, serial dilutions
of C. parvum oocysts (Moredun strain), ranging from 1 to 1,000 oocysts, were
fixed and stained on glass slides in accordance with the Drinking Water Inspec-
torate standard operating procedure (4, 5) for monitoring Cryptosporidium oo-
cysts in United Kingdom treated water supplies. Each dilution was repeated in
triplicate, and oocysts were enumerated from each slide surface using standard
IFA microscopic-examination methods (5, 17). The fluorescence microscope
(Nikon, Kawasaki, Kanagawa, Japan) was fitted with a fluorescein isothiocyanate
filter system. The maximum excitation wavelength was 490 nm, and the emission
wavelength was 530 nm. Magnifications were X40 and X100. Oocyst counts were
recorded, and the slides were stored at 4°C in darkness for a minimum period of
3 months, after which they were made available for molecular analysis under
blind trial conditions.

Fecal-slide preparation. Between January 2003 and December 2003, in the
greater Belfast area, fecal specimens were obtained from both community pa-
tients with a recent history of gastrointestinal infection who were attending their
family practitioners and hospitalized patients in this area. Fresh fecal specimens
were homogenized in a 1.1:1.0 (vol/vol) ratio with sterile saline (Sigma; 0.9%,
wt/vol), and slides were prepared in triplicate for microscopic examination fol-
lowing ZN-CF acid-fast staining, as previously described (7). The slides were
then blot dried and examined under a phase-contrast light microscope using an
oil immersion lens at X63 magnification. Diarrheal feces, in which no Crypto-
sporidium oocysts were observed under microscopic examination, were also re-
tained for nested-PCR and real-time PCR analyses. All clinical slides were stored
for a period of up to 3 months at 4°C, without preservative, prior to extraction of
cryptosporidial DNA from slide surfaces.

Stain inhibition detection studies. Clinical fecal samples which previously
tested positive for Cryptosporidium species using a simple acid-fast staining tech-
nique were genotyped using a previously described nested-PCR-restriction frag-
ment length polymorphism (RFLP) technique targeting a polymorphic region of
the 18S rRNA genes of Cryptosporidium species (54). Cryptosporidium genotyp-
ing was carried out by RFLP analysis following digestion of the secondary
product with VspI and SspI endonucleases (Promega Ltd., Southampton, United
Kingdom) in accordance with the manufacturer’s instructions (54). The digested
products were fractionated on a 1.5% agarose gel and visualized by ethidium
bromide staining.
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FIG. 1. (A and B) Application of LCM for the recovery of Crypto-
sporidium parvum oocysts from archived fecal smears. (A) Fecal
smears on glass slides were acid fast stained using the ZN stain
method. This acid-fast staining resulted in clearly visible oocysts, which
are indicated by the arrows. (B) The oocysts were then recovered from
slides by using the LPC function of the LCM, which catapulted the
oocysts into a microcentrifuge tube. The arrow indicates an area of the
glass slide from which a ZN-stained oocyst was recovered using LCM.

Laser capture microscopy (LCM). Glass slides archived for up to 3 years were
examined for the presence of oocysts with the aid of a fluorescence microscope
fitted with a fluorescein isothiocyanate filter system. Oocyst counts were mea-
sured from each slide, and, when low numbers were observed (i.e., 1 to 20
oocysts) (56, 57), a map of the slide surface was drawn on grid paper so that the
oocysts/clumps could be accurately targeted during the removal process (18).
The PALM (Microlaser, Bernried, Germany) laser microdissection system was
used to detect and dissect single oocysts or groups of oocysts from normal
archived or polyethylene foil slides (9). Briefly, the PALM Microlaser uses a UV
laser to circumcise selected areas of interest (Fig. 1A and B). A laser pulse then
catapults (laser pressure catapulting [LPC]) the dissected material into an ap-
propriate container, which in this case was a 0.5-ml microcentrifuge tube, above
the sample slides (39). For sensitivity tests, triplicate samples were obtained by
individually catapulting 1 to 50 oocysts from a slide into 0.5-ml microcentrifuge
tubes containing 10 pl sterile ddH,O using the LPC function of the microscope.
Isolated oocysts were then stored at —80°C until further analysis was carried out.

Because of the high purity of samples, the DNA of microdissected oocysts
could be extracted using a freeze-thaw method followed by an ethanol precipi-
tation step (20, 41). Briefly, collected oocysts were suspended in 10 wl ddH,O.
The oocyst suspensions were frozen in liquid nitrogen for 5 min, followed by
thawing at 65°C for 5 min. Samples were then centrifuged at 12,000 X g for 10
min, and this procedure was repeated five times. DNA was then purified using an
ethanol precipitation step (20, 41).

Real-time PCR detection. Unless stated otherwise, all real-time PCR equip-
ment and reagents were obtained from Roche Diagnostics GmbH, Mannheim,
Germany, and Roche Diagnostics, Hertfordshire, United Kingdom. Real-time
PCR was performed with a LightCycler using the LightCycler FastStart DNA
Master SYBR Green I “Hot Start” kit (45), which was used in accordance with
the manufacturer’s instructions.

Using 18S rRNA as a target, the detection sensitivities of real-time PCR and
nested-PCR systems were compared. Nested PCR of 18S rRNA was carried out
as previously described (54) for stain inhibition studies. Real-time PCR was
carried out using an internal primer pair (54), under the following conditions:
initial denaturation of 10 min at 95°C was followed by 45 cycles of 15 s of
denaturation at 95°C, 30 s of annealing at 58°C, and 60 s of extension at 72°C. To
assess the sensitivity of real-time PCR detection of oocysts recovered from
archived slides by laser capture microscopy, three different genes were targeted:
the genes encoding Cryptosporidium-specific thrombospondin-related adhesive
proteins (TRAP-C2; primers A and B) (37) and lactate dehydrogenase 1 (LDH1)
(Table 1) and the 18S rRNA gene (54). Using identical PCR mixtures, primers
C and D (Table 1) were designed to target a 241-bp region of the C. parvum
LDH1 gene and primers E and F (Table 1) were designed to target a 232-bp
region of 18S RNA in C. parvum. For PCR of the LDHI1 gene, initial denatur-
ation was carried out for 10 min at 95°C, followed by 50 cycles of 10 s of
denaturation at 95°C, 15 s of annealing at 55°C, and 20 s of extension at 72°C. For
the detection of 18S rRNA, initial denaturation was carried out for 5 min at 95°C,
followed by 45 cycles of 30 s of denaturation at 95°C, 15 s of annealing at 55°C,
and 15 s extension at 72°C. Apart from 4 mM MgCl,, the stock PCR mixtures
were identical to those from previous reactions.

After optimization of these protocols, the sensitivity of the real-time assay was
determined for direct detection of Cryptosporidium oocysts from fecal smears
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TABLE 1. Oligonucleotide primers used to target Cryptosporidium genes in this study

5'-3" gene coordinates

Primer 5'-3' nucleotide sequence Comments Gene from corresponding Reference
copy no. accession 1o, or source

A CAT ATT CCC TGT CCC TTG AGT TGT Forward primer for Cryptosporidium 1 812-831 from X77586 34
TRAP-C2 gene

B TGG ACA ACC CAA ATG CAG AC Reverse primer for Cryptosporidium 1 1180-1171 from X77586 34
TRAP-C2 gene

C AGA ACA TTC ATT GCA CAA CA Forward primer for Cryptosporidium 1 463-482 from AF274310 This study
LDHI1 gene

D CAA AGT AGG CAG TTC CTG TC Reverse primer for Cryptosporidium 1 703-684 from AF274310 This study
LDH1 gene

E AGA AAC GGC TAC CAC ATC TA Forward primer for real-time PCR 5 380-399 from L.16996 This study
of 18S rRNA

F ACG AGC TTT TTA ACT GCA AC Reverse primer for real-time PCR 5 1134-1115 from L16996  This study
of 18S rRNA

fixed on glass slides, as previously described for clinical slide preparation. Finally,
the feasibility of the assay for use in routine clinical diagnosis of cryptosporidiosis
was investigated using Cryptosporidium-positive fecal smears from five patients.
Cryptosporidium-positive slides up to 2 years were obtained from the Department
of Bacteriology, Belfast City Hospital, Belfast, United Kingdom, and were ana-
lyzed in triplicate.

Discrimination of C. parvum isolates. Samples of purified oocysts of two
different isolates (Moredun and genotype C [Rome isolate ISSC6]) were counted
using a hemocytometer and mixed at a 1:1 ratio. The mixture was serially diluted
and applied to slides to give approximately 30 oocysts per slide. Using LCM and
18S rRNA real-time PCR with primers E and F (Table 1) as previously de-
scribed, individual oocysts were catapulted into separate microcentrifuge tubes
and 232-bp PCR amplicons were acquired and sequenced for typing. This assay
was performed in triplicate.

Gel electrophoresis and sequence analysis. In order to confirm PCR primer
specificity and demonstrate that PCR products were the correct size, all products
were recovered from the LightCycler glass capillaries at the end of each exper-
imental run and analyzed. PCR products were separated on 1.5% agarose gels (1
h at 100 V) and visualized using ethidium bromide staining. Bands of the desired
sizes of PCR products were extracted from agarose gels using the Wizard SV gel
and PCR clean-up system (Promega). Samples were then prepared for sequenc-
ing (with their corresponding primers (Table 1) using a BigDye Terminator V3.1
cycle sequencing kit (Applied Biosystems, Foster City, CA) with ethanol precip-
itation as described in the kit protocol and an ABI/Hitachi (Arcade, NY) 3100
genetic analyzer capillary action sequencer. DNA sequences were then analyzed
using Chromas version 2.3 (Technelysium, Tewantin Qld, Australia) and NCBI
BLAST.

Nucleotide sequence accession numbers. DNA sequences were deposited on
the GenBank sequence database system under DQ336672 for the TRAP-C2
gene; DQ336673 for the LDHI1 gene; and DQ431245, DQ656104, and
DQ656105 for 18S rRNA from real-time PCRs.

RESULTS

No inhibitory effect of laboratory stains towards Cryptospo-
ridium PCR detection. There was no observed inhibitory effect
on the ability of 18S rRNA nested PCR to detect DNA which
had been extracted from Cryptosporidium oocysts prestained with
ZN, CF, malachite green, IFA fluorescein, DAPI-propidium io-
dide, or a combination of these stains (data not shown). No
significant difference in the detection sensitivity of unstained ver-
sus stained oocysts was found, and similar results were found
when the assay was tested for use with prestained aliquots of fecal
samples (Table 2 and data not shown).

High sensitivity of real-time PCR detection method. A 10-
fold increase in sensitivity was observed when using real-time
PCR technology, when compared with a conventional nested-
PCR approach to detect cryptosporidial 18S rRNA from im-
munomagnetic separation (IMS)-recovered oocysts (Table 2).

A sensitivity analysis of the assay determined that it was rou-
tinely capable of detecting three oocysts, from the method
which utilized IMS for oocyst recovery (data not shown).
LightCycler protocols were optimized to enable the successful
detection of the DNA from low numbers of Cryptosporidium
oocysts recovered from surfaces of archived glass slides by
LCM. In order to determine the sensitivity of the combined
LCM-LightCycler method, extractions were performed on oo-
cysts removed from water slides using LCM. Both the Crypto-
sporidium-specific TRAP-C2 gene and the LDHI1 gene were
successfully targeted using the LightCycler as the amplification
system. Routinely, we were able to detect three or seven oo-
cysts per slide when the LDH1 and TRAP-C2 genes, respec-
tively, were targeted (data not shown). Using 18S RNA as a
target, we were routinely able to detect a single C. parvum
oocyst from clinical slides (Fig. 2A and B).

Detection and typing of Cryptosporidium from clinical slides.
To determine the adaptability of our new technique, developed
with water samples, we applied it to clinical fecal samples that
had been previously tested for the presence of Cryptosporidium
using acid-fast stains. All clinical slides had been stored for a
period of up to 3 years at 4°C. Based on sensitivity tests, 10
oocysts were randomly recovered by individually catapulting

TABLE 2. Comparisons of the sensitivities of detection of 18S
rRNA from Cryptosporidium oocysts using nested PCR and
real-time LightCycler PCR detection®

Sensitivity? of:

No. of oocysts or
type of test LightCycler

Nested PCR real-time PCR

1,000, 1,000, 997

500, 497, 518

100, 108, 106

78, 74, 77

58,53, 62

13, 10, 11

53,3

1, 1,1

Negative control - ==
(blind trial)

I+ + 4+ ++ o+

I+ ++ + + +

I+ +++++++

I+ +++++++

I+t

I+ +++++++

¢ Each assay was performed in triplicate, and oocyst numbers were determined
using standard IFA and fluorescence-microscopic examination (5, 17) at x40
and X100 magnifications.

b+, positive result; —, negative result.
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FIG. 2. (A through C) Detection and identification of Cryptosporidium parvum from archived clinical glass slides using real-time LightCycler
PCR detection of 18S rRNA, which produced 232-bp PCR products. (A) Sensitivity of PCR detection of C. parvum, where a single oocyst was
routinely detected. (B) Agarose gel (1.5%) of 232-bp PCR products from 18S rRNA. Lane 1, 100-bp DNA ladder; lane 2: negative control; lane
3, positive control, C. parvum (Moredun strain); lane 4, 50 oocysts; lane 5, 20 oocysts; Lane 6, 10 oocysts; lane 7, 7 oocysts; lane 8, 5 oocysts; lane
9, 3 oocysts; lane 10, 2 oocysts; lane 11, 1 oocyst; lane 12, no oocysts. (C) Clustal alignment of C. parvum isolate Moredun (accession no.
DQ431245), C. parvum isolate ISSC6 (accesion no. DQ656104), and C. andersoni (accesion no. AY954885) sequences show the ability to genotype
and differentiate between C. parvum isolates after sequencing LightCycler PCR products. Shaded gray areas indicate sequence variations between
isolates, and examples of sequence variations are indicated within boxes B1 and B2.

them from a Cryptosporidium-positive fecal smear stained with
ZN acid-fast stain. Storage of recovered, extracted oocysts for
more than 3 days had a negative effect on DNA extraction and
prevented amplification of the target (data not shown). There-
fore, DNA extractions were carried out immediately after oo-
cysts were recovered by LCM and were subjected to real-time
PCR analysis targeting the TRAP-C2 gene (37). With the appro-
priate real-time PCR, all analyzed positive samples gave identical

FIG. 3. Detection and genotyping of Cryptosporidium parvum oo-
cysts from clinical samples (fecal glass smears) using LCM followed by
real-time LightCycler PCR targeting the TRAP-C2 gene. PCR prod-
ucts were run on a 1.5% agarose gel, and positive results were indi-
cated by the presence of a 369-bp PCR product. Lane 1, 100-bp DNA
ladder; lane 2, negative control; lane 3, patient sample Tn3 (slide
number), stored for 3 years; lane 4, patient sample Tn23, stored for 2
years; lane 5, patient sample Tn24, stored for 2 years.

average melting temperatures and real-time PCR curves. This
indicated that only one genotype of Cryptosporidium was detected
from each sample and was confirmed by gel electrophoresis
(Fig. 3) and sequencing. All sequences showed at least 97% ho-
mology to the C. parvum TRAP-C2 gene.

Discrimination of different C. parvum isolates from archived
slides. Oocysts of two different isolates (Moredun and geno-
type C [Rome isolate ISSC6]) were mixed together at a defined
ratio to highlight the discriminatory power of the system. The
isolates could not be distinguished morphologically. Individual
oocysts were recovered, and real-time PCR amplicons of 232
bp were generated (data not shown). Based on the analysis of
18S rRNA amplicons (Fig. 2C), sequence analysis showed that
these C. parvum isolates were clearly and consistently differ-
entiated. From 21 PCR amplicons generated from single cap-
tured oocysts, 12 were typed as C. parvum Moredun isolates
and 9 were identified as C. parvum Rome isolates.

DISCUSSION

High sensitivity and rapid detection and typing. While mi-
crodissection has previously been used to excise C. andersoni
oocysts from slides (23), our work is the first study to report the
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successful combination of LCM and real-time PCR for the
rapid and sensitive detection of Cryptosporidium from glass
slides. In our study, the combination of morphological analysis
from stained slides and recovery of selected material makes
LCM unique from any other extraction method for fixed ma-
terial on slides (1-3). In addition, no adverse effect on the
recovery of Cryptosporidium oocysts or subsequent extraction
of DNA was observed for the different staining procedures
(34). Gel electrophoresis and sequencing of the real-time PCR
amplicons showed the successful amplification of target se-
quence and also importantly allowed us to genotype the recov-
ered Cryptosporidium oocysts. LCM enabled us to recover se-
lected oocysts without the use of detergents and reduced the
amount of PCR inhibitors by catapulting only oocysts, and not
surrounding fecal material, enabling the procurement of purer
samples, limiting the effect of PCR inhibitors (31, 34). The
results of our study also compare favorably with previously
designed real-time systems where similar detection sensitivities
were obtained (16, 22, 48), as we were routinely able to detect
a single oocyst when targeting 18S rRNA. Nested PCR at the
18S rRNA locus is a robust and sensitive molecular technique
capable of discriminating between all species of Cryptospo-
ridium. However, real-time PCR allows for a quicker turn-
around time in diagnosis, and importantly we demonstrated
that LCM could be used not only for genotyping single Cryp-
tosporidium oocysts but also for differentiating between differ-
ent C. parvum isolates.

Cryptosporidium detection. Molecular methods are essential
for rapidly detecting Cryptosporidium in immunocompromised
patients and for generating epidemiological data, which are of
the utmost importance in the event of any outbreak of cryp-
tosporidiosis (50, 56). In the majority of modern clinical labo-
ratories, the most widely used staining methods for the detec-
tion of relatively low numbers of Cryptosporidium are IFA
conjugates (46, 47). It is often necessary to use an oocyst
concentration technique such as IMS to maintain an accept-
able level of assay sensitivity (31, 34). The antibodies used in
IMS bind selectively to the oocyst wall proteins enabling them
to be concentrated in a suspension free from inhibitory debris.
As useful as these laboratory techniques are, they are unable to
discriminate between species of Cryptosporidium and do not
lend themselves to the generation of any useful epidemiolog-
ical data (31, 32, 34).

PCR methods have been shown to be more sensitive and
specific than traditional microscopic techniques for detecting
Cryptosporidium in both clinical and environmental samples
(28, 29, 33). Recently, real-time PCR procedures for the de-
tection and genotyping of oocysts of Cryptosporidium provide a
reliable, specific, and rapid detection method alternative to
nested PCR, with a baseline sensitivity of between 1 and 10
oocysts (16, 22, 27, 48), which our study agreed with. Previ-
ously, several studies have linked acute waterborne outbreak
situations to the source using molecular detection methods
(13, 19, 30). Postoutbreak, archived environmental slides and
clinical slides produced from fecal smears are potential sources
of genetic material for further epidemiological studies (2, 3).
We have clearly demonstrated that the application of LCM
followed by real-time PCR provides a valuable tool for unlock-
ing archived Cryptosporidium genotype information, which is
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important epidemiological data that had previously been un-
obtainable.

Laser capture microscopy and PCR. While LCM has an
initially high capital price, e.g., £100,000, the technique has an
extremely low unit cost (per sample), making application in
diagnostic laboratories a competitive economic proposition.
LCM has rapidly developed over the last few years and can be
used as a tool to select and recover biological material from
fixed/mounted slides (12, 24). Although this technology has
predominantly been used as a tool for gene expression of fixed
tissue section and in vitro-cultivated cell lines (12, 25), recent
literature indicates the possibility of using it for the recovery of
single life stages of parasites (40, 42, 44). Previous attempts to
recover oocysts from archived slides were based on washing
fixed oocyst/cryptosporidial DNA from slides (2, 3). These
studies also did not find any inhibitory effect on PCR sensitivity
following extraction (2, 3). However, the detection system em-
ployed in these studies was not as sensitive as our protocol; 30
pl of samples was fixed onto slides, equating to at least 30
oocysts for guaranteed detection (2, 3). Using our detection
and identification system on glass slides we routinely tracked,
extracted, detected, and typed single Cryptosporidium oocysts
from archived glass slides.

In conclusion, we have shown that the combination of LCM
and real-time detection provides a rapid, sensitive, and highly
specific method to perform molecular analysis of recovered
Cryptosporidium oocysts fixed onto glass slides. Our novel assay
not only opens new routes to study archived material of pre-
vious outbreaks but also could be used to perform molecular
analysis of a wide variety of environmental, clinical, and histo-
logical samples.
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