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Several real-time PCR procedures for the detection and genotyping of oocysts of Cryptosporidium parvum
were evaluated. A 40-cycle amplification of a 157-bp fragment from the C. parvum (-tubulin gene detected
individual oocysts which were introduced into the reaction mixture by micromanipulation. SYBR Green I
melting curve analysis was used to confirm the specificity of the method when DNA extracted from fecal
samples spiked with oocysts was analyzed. Because C. parvum isolates infecting humans comprise two distinct
genotypes, designated type 1 and type 2, real-time PCR methods for discriminating C. parvum genotypes were
developed. The first method used the same B-tubulin amplification primers and two fluorescently labeled
antisense oligonucleotide probes spanning a 49-bp polymorphic sequence diagnostic for C. parvum type 1 and
type 2. The second genotyping method used SYBR Green I fluorescence and targeted a polymorphic coding
region within the GP900/poly(T) gene. Both methods discriminated between type 1 and type 2 C. parvum on the
basis of melting curve analysis. To our knowledge, this is the first report describing the application of melting

curve analysis for genotyping of C. parvum oocysts.

Cryptosporidium parvum is a coccidian protozoan that
causes self-limited diarrhea in immunocompetent individu-
als. In immuncompromised patients and malnourished chil-
dren the disease is severe, prolonged, and life threatening.
Although several immunological and molecular methods for
detection of C. parvum oocysts in stool and environmental
samples have been developed (1, 11, 17, 34), immunomag-
netic capture methods (8) have found widespread applica-
tion, particularly for water monitoring (9, 29). The detection
limits achieved with these systems are typically less then 10
oocysts, although recoveries are affected by the complexity
of the matrix from which the oocysts are extracted. User-
friendly molecular methods for the detection of oocysts in
complex mixtures or genotyping of purified oocysts are
needed for clinical and epidemiological applications and for
water monitoring. Since no specific chemotherapy is avail-
able for this organism (7, 13), early detection of C. parvum
infections, particularly in immunosuppressed patients and
children, may be critical to provide supportive treatment.
Furthermore, the detection of asymptomatic individuals and
animals excreting oocysts may be helpful for preventing
secondary infections, studying transmission routes, and
identifying reservoir hosts.

More than 10 years have passed since the first report de-
scribing the detection of C. parvum by PCR (20). PCR has also
been integrated into various genotyping procedures, such as
restriction fragment length polymorphism analysis (31, 35, 37),
random amplification methods (23), and methods detecting
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conformational polymorphisms (12). These approaches have
been instrumental in advancing our understanding of the tax-
onomy of the genus Cryptosporidium (24, 38) and for studying
the transmission of Cryptosporidium species and genotypes be-
tween various host species (22, 39).

More recently, a TagMan real-time PCR assay (14) for the
detection of C. parvum based on the amplification of an 835-bp
sequence from the small-subunit rRNA was developed (15).
Although the internal probe used in this assay was comple-
mentary to a polymorphic region of this gene, the assay did not
discriminate among Cryptosporidium genotypes originating
from various host species. The anonymous C. parvum locus
originally identified by Laxer et al. (20) was chosen for a Tag-
Man assay by Guilot and Fontaine (E. Guilot and M. Fontaine,
Abstr. Water Quality Technol. Conf., 2001). The limit of de-
tection for this assay was five oocysts spiked into water pellets.
The ability of real-time PCR to provide quantitative informa-
tion was used by Kriiger et al. (18) to develop an assay to
quantitate the amount of C. parvum DNA present in a sample.
Finally, a SYBR Green I-based real-time PCR assay (28) tar-
geting the heat shock protein 70 locus of C. parvum was used
to develop a commercial C. parvum detection assay (J. W.
Czajka, G. D. DiGiovanni, M. E. Schaffer, A. M. Stolzfus,
H. K. White, and M. W. LeChevallier, Abstr. 100th Gen. Meet.
Am. Soc. Microbiol., abstr. 2-1062, 2000). As with the TagMan
assays, these assays do not differentiate between C. parvum
type 1 and type 2.

Here we report on the development of real-time PCR
assays capable of detecting low numbers of oocysts and
genotyping C. parvum. Polymorphic alleles were differenti-
ated by SYBR Green I and fluorescent probe melting curve
analysis (MCA) on the basis of single-nucleotide polymor-
phisms (SNPs).
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TABLE 1. Isolates of C. parvum tested

Type Isolate Origin, location Reference

1 TUS502 Human, United States” Unpublished
UG502 Human, Uganda 10
UG405 Human, Uganda 10
UG1544 Human, Uganda Unpublished
UG1259 Human, Uganda Unpublished
UG1610 Human, Uganda Unpublished
CDC728 Human, United States Unpublished

2 GCH1 Human, United States 33
OHIO Bovine, United States Unpublished
TAMU Equine, United States 25
JRLHIV Human, United States Unpublished
MD Cervine, Scotland 19
7C? MDxUG405 recombinant 10
UC Davis Raccoon, United States Unpublished

“ Derived from UG502 by accidental human infection.
? Recombinant laboratory isolate obtained by crossing type 2 isolates MD and
UG405.

MATERIALS AND METHODS

Parasites. The isolates of C. parvum used in this study are listed in Table 1.
Oocysts were purified from fecal samples as described previously (37).

Oocyst micromanipulations and DNA extraction. Individual oocysts of isolate
GCHI (32) were collected with a mouth-controlled pipette (16). Oocysts were
suspended in water at a concentration of 10*/ml. A 20-pl portion of this suspen-
sion was deposited onto a microscope slide, and the oocysts were viewed on an
inverted microscope at X200 magnification. Individual oocysts were aspirated
into a manually pulled glass micropipette with a tip with an inner diameter of
approximately 15 wm. Individual oocysts were deposited into microcentrifuge
tubes containing 10 ul of PCR-grade water. Oocyst samples were then subjected
to three cycles of freezing-thawing and were spun at 16,000 X g for 30 s. The
supernatant was introduced directly into 20-pl capillaries together with the PCR
premixture for PCR amplification. Alternatively, following freezing-thawing,
DNA was extracted from the oocyst lysate with a High Pure PCR template
preparation kit (Roche Diagnostics, Mannheim, Germany), as recommended by
the manufacturer, except that 50 ul (instead of 200 pl) of elution buffer was used.
For negative controls, volumes of 0.5 to 1 pl of water containing no visible
oocysts were collected from the oocyst suspension and deposited into microcen-
trifuge tubes containing 10 pl of PCR-grade water and processed as described
above for the oocysts.

To test the detection limit of the PCR method with oocysts isolated from feces,
portions of 0.5-g fecal samples devoid of visible oocysts by microscopic exami-
nation of acid-fast-stained fecal smears (21) were spiked with 3,000 oocysts of
isolate GCHI1 obtained by serial dilution from a stock suspension of 3 X 10°
oocysts/ml. Spiked fecal samples were homogenized in 5 ml of 0.9% saline and
filtered through gauze to remove large particles. The fecal filtrates were then
centrifuged at 800 X g for 5 min. The pellets were resuspended in 600 pl of 0.9%
saline solution and divided into three equal parts of 200 pl each. DNA was
isolated from individual aliquots by one of the following three methods: (i) by
phenol-chloroform extraction followed by ethanol precipitation, (i) with the
High Pure PCR template preparation kit (Roche Diagnostics), and (iii) and with
the Magna Pure LC total nucleic acid isolation kit (Roche Diagnostics). In all
three methods DNA was recovered in 200 wl of elution buffer. Portions of 1 pl
of DNA solution, theoretically equivalent to five oocysts, were used in each PCR
mixture.

Real-time PCR with SYBR Green I. PCR amplifications were performed in
20-ul capillary tubes with a LightCycler instrument (Roche Diagnostics). Reac-
tion mixtures contained 1X LC-Fast Start DNA master mixture for SYBR Green
I (Roche Diagnostics), 4 mM MgCl,, 10 pmol each of the forward and reverse
primers, and 1 to 10 wl of DNA template. The tubes were capped, centrifuged at
700 X g for 5's, and placed into the LightCycler carousel. Thermal cycling was
performed as follows. A denaturation step of 10 min at 95°C was followed by 40
cycles of 0 to 1 s at 95°C, 4 to 5 s at the respective annealing temperature, and
7 to 22 s (depending on the template) at 72°C. Following amplification, the PCR
products were identified by MCA by raising the temperature from 45 to 95°C at
a rate of 0.05°C/s. During the initial optimization phase, following MCA, PCR
products were analyzed on agarose gels to ensure that products of the correct
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size were amplified. To this aim, products amplified on the LightCycler instru-
ment were recovered from the capillaries, mixed with loading buffer, and loaded
onto 1.5% agarose gels in 0.5X TBE (Tris-borate-EDTA) buffer. The gels were
stained with GelStar (FMC, Vallensbaek Strand, Denmark).

The following PCR primers were used: for B-tubulin protocol 1, primer btub1
(ATGCTGTAATGGATGTAGTTAGACA; positions 552 to 576 [GenBank ac-
cession no. Y12615]) (unpublished) and primer btub2 (GTCTGCAAAATACG
ATCTGG; positions 708 to 689) (36); for the poly(T) protocol, primer cry44
(CTCTTAATCCAATCATTACAACG; positions 1331 to 1352 [GenBank acces-
sion no. U83169]) and primer cry39 (GAGTCTAATAATAAACCACTG,; posi-
tions 1649 to 1629) (5).

Real-time PCR with internal probes. Oligonucleotides directed at the B-tu-
bulin gene of C. parvum (GenBank accession no. Y12165) were synthesized by
TIB Molbiol, Berlin, Germany. A 157-bp fragment was amplified from the
B-tubulin gene exon 2 with forward primer btubl and reverse primer btub2. Two
negative-stranded internal probes, btubLC (positions 639 to 616) and btubFL
(positions 665 to 641), were included in the reaction mixture at concentrations of
0.5 pmol each. Probe btubL.C was labeled at the 5’ end with Red640, and probe
btubFL was labeled at the 3’ end with fluorescein. The 3" end of probe btubLC
was blocked with a phosphate group to prevent extension by the polymerase.
Fluorescence at 640 nm was generated by fluorescence resonance energy transfer
following the annealing of both probes to their adjacent complementary se-
quences and the juxtaposition of the fluorescein and Red640 fluorophores. The
sequences of the probes were identical to the B-tubulin sequence found in C.
parvum type 2 (4, 30, 36). Discrimination between the type 1 allele and the type
2 allele was based on the presence of three SNPs, two within btubFL and one
within btubLC (T—C at position 616, G—A at position 646, and C—T at
position 662 [type 2—type 1 changes]). These mismatches reduced the affinity of
the probes for the type 1 allele, thus lowering the melting temperature. PCR
cycling conditions were as described above for the SYBR Green I method, except
that for MCA the temperature was increased at a rate of 0.5°C/s and the reaction
was run in 1X LC-Fast Start DNA master mixture for hybridization probes
(Roche Diagnostics). The dynamic range and reproducibility of the assay were
tested with 10-fold dilutions of C. parvum DNA corresponding to 10* oocysts to
1 oocyst per reaction mixture. The samples containing low numbers of oocysts
were tested in triplicate.

RESULTS

Sensitivity of SYBR Green I real-time PCR method. In a
preliminary comparison, two protocols amplifying different
fragments of the B-tubulin gene of C. parvum were evaluated.
It was determined that the method targeting a 157-bp fragment
flanked by primers btubl and btub2 detected single oocysts,
whereas a minimum of 1,000 oocysts was required for the other
method. The sensitivity of the method with btubl-btub2 was
further investigated with small numbers of oocysts introduced
directly into the PCR mixture with a glass micropipette or with
DNA extracted from oocysts collected individually by the same
method. Table 2 summarizes the results from 59 experiments
with oocysts collected individually with a micropipette or with
negative control samples devoid of oocysts. A total of 37 re-
action mixtures were spiked with one, two, three, or five oo-
cysts and 22 reaction mixtures were spiked with blank samples,
as shown in the spiked reaction and negative control columns,
respectively, in Table 2. A majority (12 of 20) of the reaction
mixtures spiked directly with single oocysts and half (3 of 6) of
those spiked with DNA extracted from single oocysts gave a
visible amplification product by PCR with btub1-btub2 (Fig. 1).
Reaction mixtures spiked with DNA extracted from three and
five oocysts were positive in three of four trials and three of
three trials, respectively. Reaction mixtures spiked with DNA
extracted from two oocysts were positive in two of four at-
tempts. To assess the accuracy of the microisolation procedure
and specifically to control for the possibility that additional
oocysts or DNA may have inadvertently been introduced into
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TABLE 2. Real-time PCR detection of oocysts isolated by micromanipulation

No. of reaction mixtures spiked with the indicated no. of oocysts:

Spiked reaction mixtures

Negative controls

Test
No DNA extraction DNA extraction (spin column) Unwashed oocyst Washed oocyst
suspension suspension
One oocyst Three oocysts Five oocysts One oocyst Two oocysts (0 oocysts) (0 oocysts)
Replicate tests 20 4 3 6 4 12 10
Positive tests 12 3 3 3 2 3 0

the reaction mixtures, negative control samples were collected
with the same micropipette system. Portions of 0.5 to 1 pl of
water without visible oocysts were aspirated from the same
experimental oocyst suspension. In the first series of assays, 3
of 12 negative control reaction mixtures amplified a detectable
amplicon, suggesting either that oocysts were inadvertently
collected and transferred to the PCR mixture or that DNA in
solution was detected by the assay. To distinguish between
these two possibilities, the oocysts from the experimental sam-
ple were precipitated by centrifugation and the supernatant
was removed and replaced with the same volume of fresh
PCR-grade water. Samples of 0.5 to 1 ul containing no visible
oocysts were again aspirated from this washed oocyst suspen-
sion and subjected to PCR analysis. As shown in Table 2, none
of these control reactions produced detectable PCR products.
We conclude that the real-time PCR method with primers
btubl and btub2 can detect individual oocysts in a 40-cycle
amplification reaction. The negative control experiments dem-

onstrate that microisolation is an accurate method for the
isolation of individual oocysts and that DNA present in solu-
tion may lead to false-positive results.

Specificity of real-time PCR with primers btubl and btub2.
The specificity of the btubl-btub2 PCR method was investi-
gated by adding DNA from the following protozoa into stan-
dard PCR mixtures: Entamoeba histolytica, Leishmania tropica,
Toxoplasma gondii, and Giardia lamblia. DNA from none of
these protozoa gave detectable amplification products with
primers btubl and btub2.

The specificity and the sensitivity of the btub1-btub2 ampli-
fication method were also tested with DNA extracted from C.
parvum-negative fecal samples and fecal samples spiked with
C. parvum oocysts. DNA was extracted from these samples by
three methods: (i) by phenol-chloroform extraction followed
by ethanol precipitation, (ii) with the High Pure DNA extrac-
tion kit (Roche Diagnostics), and (iii) with the Magna Pure
DNA extraction kit (Roche Diagnostics). C. parvum DNA
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FIG. 1. Detection of C. parvum oocysts recovered by micromanipulation. A diagnostic melting peak was detected with DNA extracted from 1,
2, and 40 oocysts with the High Pure PCR template preparation kit (Roche Diagnostics). The template with 0.5 oocyst was obtained by eluting
DNA from 10 oocysts with 50 l of elution buffer and introducing 2.5 pl of eluted DNA into a PCR mixture. In addition to the diagnostic melting
peak, low-temperature melting peaks were observed, particularly when DNA from a few oocysts was amplified. These peaks may originate from
primers-dimers, but their origins were not investigated. The dashed line shows the melting profile of the negative control reaction. Note that peak
height is not always reflective of the amplicon concentration but is a measure of the slope of fluorescence versus temperature.
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equivalent to that from five oocysts was detected in fecal sam-
ples from which DNA was extracted by all three methods, as
demonstrated by the presence of a diagnostic melting peak at
81°C. DNA was also amplified from unspiked fecal samples,
but MCA showed that the amplicons were distinct from those
originating from C. parvum. We conclude from the results of
these experiments that the assay with primers btub1 and btub2
detects low numbers of oocysts in feces. Amplification of
non-C. parvum DNA either was not observed or was easily
distinguished from the diagnostic amplicon by MCA.

Differentiation between C. parvum type 1 and type 2 by
real-time PCR and with fluorescent probes. A pair of probes
24 and 25 bp in length, respectively, were tested in a real-time
PCR format with the same btubl and btub2 amplification
primers used for the SYBR Green I method. The purpose of
this assay was to design a real-time PCR method capable of
differentiating between C. parvum type 1 and type 2. The
probes were designed such that their recognition sequence
included multiple SNPs between the B-tubulin alleles found in
type 1 and type 2. In this assay, fluorescence originated from
fluorescence resonance energy transfer between a fluorescein
and a Red640 fluorophore present on the 3’ end of the up-
stream btubFL probe and the 5’ end of the downstream
btubLC probe, respectively. As shown in Fig. 2, MCA differ-
entiated between C. parvum type 1 and type 2. As expected
from the sequence identity of the probes with the type 2 B-tu-
bulin allele, the melting temperature of type 2 isolates was
higher than that of type 1 isolates. The presence of two SNPs
within the btubFL recognition sequence decreased the affinity
of the probe for the type 1 B-tubulin allele by an average of
4.9°C. In order to assess the reproducibility of this method for
the detection of C. parvum type 1 and type 2, a total of 10
independent experiments were conducted over a period of 5
months. In each experiment the melting temperature of the
probes was determined with the btubS and btub2 amplification
primers and DNA from isolate GCH1 (type 2) and isolate
TUS02 (type 1). The mean melting temperatures were 65.27°C
(standard deviation [SD] = 1.82; n = 10) for type 2 and
60.33°C (SD = 0.88; n = 11) for type 1. The difference in
melting temperatures between type 1 and type 2 was statisti-
cally highly significant by the ¢ test (P < 0.001). Several natural
and laboratory type 2 isolates (isolates GCH1, TAMU, and
OHIO) and type 1 isolates (isolates UG1544, UG1259, and
UG1610) were tested by this method (Fig. 2). The melting
temperature among type 1 isolates was more homogeneous
than that among type 2 isolates, but the origin of this hetero-
geneity was not further investigated. The results of gel elec-
trophoretic analysis of the amplicons from seven C. parvum
isolates obtained with primers btubl and btub2 are shown in
Fig. 3.

Differentiation between C. parvum type 1 and type 2 by
SYBR Green I real-time PCR. To assess the feasibility of using
a previously described polymorphic coding sequence (5) for
genotyping of C. parvum by SYBR Green I MCA, a 319-bp
fragment from the GP900/poly(T) locus was amplified from
seven type 2 and four type 1 C. parvum isolates. The amplicon
is located within the gene encoding the GP900 sporozoite
surface antigen (3) and was previously shown to discriminate
between type 1 and type 2 isolates on the basis of a polymor-
phic Rsal restriction site (5). MCA revealed different melting
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temperatures for type 1 and type 2 sequences (Fig. 4), al-
though the difference in melting temperatures between
types was smaller than that observed by the probe-based
assay described above. The mean melting temperature for
three type 1 isolates was 83.47°C (SD = 0.06), whereas for
seven type 2 isolates the average melting temperature was
83.04°C (SD = 0.12). Statistical analysis demonstrated that
this difference was also significant ( = 5.73; P < 0.001). The
sequence polymorphisms responsible for different melting
peak temperatures were investigated by cloning and se-
quencing of the poly(T) amplicon from two type 2 isolates
(isolates GCH1 and JRLHIV) and one type 1 isolate (isolate
TUS502). Nine SNPs between type 1 and type 2 were iden-
tified within the 319-bp amplicon, as was a CCA deletion at
position 1542 (GenBank accession no. U83169) in the type
2 sequences. Of the nine SNPs, four were A or T—G or C
changes, four were G or C—A or T changes, and one was a
T (type 2)—A (type 1) change. Consistent with the tight
distribution of the type 2 melting peak temperatures, the
two type 2 sequences were identical. Since the observed
SNPs do not change the number of A or T and G or C
residues, we conclude that the difference in the melting
temperature between the two types is caused by the 3-bp
deletion in type 2.

DISCUSSION

Several real-time PCR methods for detection and geno-
typing of C. parvum oocysts were developed. As with con-
ventional PCR, the sensitivity of the real-time method was
strongly dependent on the amplification primers, even when
primer pairs amplifying overlapping regions of the same
gene were compared. Even though the sequence detected
with primers btub1 and btub2 is present at only a single copy
(26), single oocysts isolated by micromanipulation were de-
tected in more than 50% of the PCR tests. The sensitivity of
the method in which oocysts were introduced directly into
the PCR mixture appeared to be equal to those of methods
in which DNA was extracted prior to PCR. Two series of
negative control experiments with washed and unwashed
oocyst suspensions were performed to investigate the origin
of the C. parvum DNA detected in some of the negative
control reactions and specifically to assess whether addi-
tional oocysts may accidentally have been transferred to the
PCR mixture during the micromanipulation procedure or
whether DNA was present in solution. The latter possibility
was consistent with the fact that the oocysts used in these
experiments had been stored in the same suspension at 4°C
for approximately 3 months. During storage, a fraction of
oocysts could have excysted and DNA from degrading
sporozoites could have been released into solution. The
absence of positive reactions for the second series of nega-
tive controls with a newly washed oocyst suspension was
consistent with this assumption and ruled out the possibility
of accidental transfer of oocysts during micromanipulation.

The development of real-time PCR methods capable of dis-
criminating between C. parvum type 1 and type 2 and other
host-associated genotypes is relevant to the study of the epi-
demiology of this parasite and for source tracking. Type 1 and
type 2 are thought to be transmitted by different routes since
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FIG. 2. Real-time PCR genotyping of C. parvum with two fluorescent probes specific for the B-tubulin sequence. Shown is the MCA for four
type 1 isolates and three type 2 isolates. The cursors were manually positioned on the melting peaks of reference isolates GCH1 and TUS502. The
melting curves for type 1 isolates TUS502, UG1544, UG1259, and UG1610 and type 2 isolates GCH1 (32), TAMU (25), and OHIO are shown.

they differ in their host specificities. Type 1 has been detected
almost exclusively in human infections, whereas type 2 infects
both humans and a variety of animal species (2, 33). The
melting temperatures observed with fluorescent probes and

with SYBR Green I were highly reproducible, indicating that
these methods are suitable for differentiating C. parvum types,
even on the basis of SNPs or small nucleotide deletions. In 11
independent experiments the coefficient of variation (CV) for
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FIG. 3. Gel analysis of amplicons from different C. parvum isolates obtained by PCR with primers btubl and btub2. Amplicons were
fractionated on 1.5% agarose. Isolate designations are shown at the top. Lane M, 100-bp ladder. The positions of the 100- and 200-bp markers

are indicated.

the melting temperature of isolate TU502 was only 1.4%, and
the CV was 3% for 10 replicate experiments with GCH1. CVs
for the melting temperature of the poly(T) amplicon observed
with SYBR Green I were as low as 0.1%. A possible source of
the relatively small variability in melting temperature is the
template concentration. As visible in Fig. 1, higher oocyst con-
centrations appeared to correlate with slightly lower melting
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temperatures, a phenomenon also observed in serial dilution
experiments with larger oocyst numbers.

For genotyping, assays based on fluorescent probes have
higher specificities, but the requirement for primers with a
fluorescent label increases the cost. The results of our unpub-
lished experiments with type 1 and type 2 DNA mixed in
different ratios indicate that probes do not resolve mixtures of
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FIG. 4. Real-time PCR genotyping of C. parvum using SYBR Green I fluorescence. A polymorphic 319-bp fragment of the GP900 gene (2) was
amplified by PCR in the presence of SYBR Green I. Shown are the melting peaks for type 1 isolates 2066-K (37), TU502, and CDC728 and type
2 isolates 7C (10), TAMU (25), and JRLHIV. The differences in melting peak temperatures between the type 1 and the type 2 isolates were
statistically significant at the 0.001 level. The cursors were positioned manually and are labeled with the respective C. parvum type.
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templates as well as the SYBR Green I method does. This
limitation is a concern in epidemiological studies, in which it is
of interest to detect genotypically mixed parasite populations.
In contrast, preliminary experiments with cloned microsatellite
alleles of C. parvum mixed at different ratios showed that the
limit of detection for a minority template was approximately
10%. This compared favorably with the 25% limit that we
previously observed by restriction fragment length polymor-
phism analysis and is similar to the results recently reported by
Reed et al. (27).

The present laboratory methods for the diagnosis of C. par-
vum by microscopy are generally adequate for samples with
high concentrations of oocysts, but are insufficient for the de-
tection of cases of cryptosporidiosis in which only small num-
bers of oocysts are excreted (6). The high sensitivity of real-
time PCR will facilitate the detection of asymptomatic carriers.
Such information could be valuable for epidemiological studies
of human and animal hosts. The time savings of the present
approach are considerable. With the real-time PCR cycler
used in these experiments, a 40-cycle amplification was com-
pleted in only 35 to 45 min. The fact that no gel analysis is
required for routine experiments reduces the time needed by
at least 1 h and could facilitate the implementation of high-
throughput screening. The fact that the entire amplification
and sample analysis are performed in a sealed capillary tube
also reduces the risk of contamination from DNA carryover.

The full potential of the real-time method for the detection
of diagnostic DNA sequences will be achieved only with the
simultaneous detection of different species of pathogens by
using the capability of most real-time PCR machines to mea-
sure fluorescence at different wavelengths. For instance, one
could envision an assay in which multiple species of a pathogen
are detected with SYBR Green I on the F1 channel and the
genotype of one of these species is identified on the F2 channel
with an internal probe. In the case of Cryptosporidium, a pos-
sible setup would be to identify the species present in water or
fecal samples by SYBR Green I MCA and the C. parvum
genotype with fluorescent probes.
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