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Detection of Viable Cryptosporidium parvum Oocysts by PCR
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PCR was used to detect and specifically identify a gene fragment from Cryptosporidium parvum. An 873-bp
region of a 2,359-bp DNA fragment encoding a repetitive oocyst protein of C. parvum was shown to be
specifically amplified in C. parvum. An excystation protocol before DNA extraction allowed the differentiation
between live and dead Cryptosporidium parvum oocysts.

Cryptosporidium parvum oocysts are present in raw and
treated drinking water (6, 12, 14), and they pose a public health
risk because this parasite can be transmitted via the fecal-oral
route through contaminated water and low numbers of viable
oocysts are able to initiate an infection in mammals (10). Sev-
eral outbreaks of waterborne cryptosporidiosis have been re-
ported (4, 8, 16, 17). The standard method for the detection of
C. parvum in environmental samples is based on the isolation
and identification of the oocysts (7, 11, 13, 19). The oocysts
cannot be cultured, so they are stained with a monoclonal
antibody coupled with a fluorescent dye and counted by im-
munofluorescence microscopy. This method of detection does
not indicate the viability of oocysts. In vitro excystation, a
process in which release of infective sporozoites from oocysts is
induced by exposure to bile salts, can demonstrate viability
(Fig. 1) (5, 18). The detection of the excystated sporozoites can
be used as a viability test for C. parvum. Because of the low
numbers of cysts usually found in environmental samples, the
detection requires a test with high specificity and sensitivity,
such as PCR. In this study we developed a method based on
PCR for the detection of excysted C. parvum sporozoites and
therefore allowing discrimination between live and dead C.
parvum oocysts.
To determine whether PCR amplification of the 873-bp gene

fragment of C. parvum detects viable sporozoites, feces with
oocysts from naturally infected calves were collected and
stored in a 2.5% (wt/vol) solution of K2Cr2O7 at 48C for up to
6 months prior to use. Oocysts were purified and concentrated
by ether extraction (3 ml of cyst solution and 1.5 ml of ether)
and with a percoll step gradient (1, 20). Percoll (Pharmacia)
solutions of 1.10, 1.07, and 1.04 g/ml in phosphate-buffered
saline (PBS) were prepared and used immediately. The oocysts
were recovered from the 1.07-g/ml layer and washed in PBS.
Sporozoites were obtained by incubating oocysts in PBS con-
taining 0.25% trypsin and 0.75% (wt/vol) sodium taurocholate
for 60 min at 378C. The trypsin and sodium taurocholate were
removed by washing with PBS and centrifugation (800 3 g for
10 min). The mixture of sporozoites, oocyst walls, and intact
oocysts was resuspended in PBS. A subsequent DNase digest
destroyed free DNA in the sample. Total genomic DNA of C.
parvum was extracted from excysted sporozoites by a modified
procedure of Ausubel et al. (2). DNA was released by incuba-
tion of the sporozoites in digestion buffer with sodium dodecyl
sulfate (2%), 15 ml of proteinase K solution (10 mg/ml), 200 ml
of 10 mM Tris-HCl, 10 mM EDTA, 50 mMNaCl (pH 7.5), and

7 ml of dithiothreitol (1 M) in water. The solution was incu-
bated at 588C for certain intervals from 1 min to 24 h. DNA
was further purified by using phenol-chloroform-isoamyl alco-
hol (24:24:2) extractions followed by precipitation with 100%
isopropanol in the presence of carrier glycogen (200 mg/ml).
After centrifugation at 12,000 3 g for 20 min, the pelleted
DNA was washed once with 70% isopropanol and dried. Dried
DNA was eluted in a total volume of 10 ml of sterile water (10
min at 558C).
For PCR, synthetic oligonucleotide primers (DNA Synthesis

Lab, University of Hohenheim, Hohenheim, Germany) were
designed to amplify an 873-bp region of the C. parvum oocyst
protein gene, based on the sequence reported by Lally et al.
(9). Another two primers, amplifying a 604-bp region, were
designed for a nested PCR. Preliminary studies (computer
analyses) identified the most suitable primers. Sequence data
were analyzed with HUSAR software and compared with data
in the GenBank of the Deutschen Krebsforschungszentrum,
Heidelberg, Germany, for homology with DNA and amino
acid sequences. Paired primers that showed low homology to
other sequences in the target fragment and that had closely
matched calculated thermal melting points were selected.
Primers CP 397 (59 AGTGTCCTCCAGGTACAAACCTGG
TA 39, corresponding to positions 397 to 423) and CP 1270 (59
GCACAGCTGGGACAGAATCAGCTTT 39, corresponding to
positions 1270 to 1294), amplifying an 873-bp sequence, were
used in the first round (Fig. 2). For nested PCR we used
primers NCP 526 (59 TGCCCACCTGGATATACACT 39,
corresponding to positions 526 to 545) and NCP 1130 (59
TGCCCATGAGAATGACCATG 39, corresponding to posi-
tions 1130 to 1149), amplifying a 604-bp sequence.
PCR amplification using primers CP 397, CP 1270, NCP 526,

and NCP 1130 and a primer annealing temperature of 508C
produced positively amplified DNA bands for C. parvum (Fig.
2, lanes 2 and 3). The direct use of PCR to amplify the diag-
nostic segment of the cryptosporidian gene did not distinguish
between live and dead oocysts. Within C. parvum cysts, DNA is
apparently preserved sufficiently for prolonged periods of time
(minimum of 1 week [3]) so that this genetically based detec-
tion system cannot be used directly to detect viable oocysts. A
way to prove the viability was the detection of the target DNA
of active excysted sporozoites after incubation in excystation
medium. The excystation followed by a modified DNA extrac-
tion method could be used for distinguishing live from dead
oocysts. The results of this experiment indicated that a PCR
gene probe-positive signal was seen only when viable sporozo-
ites were present. At 5-, 10-, 30-, 60-, and 90-min intervals after
digestion buffer addition, only excysted, viable sporozoites gave
positive signals. Consequently, a digestion time of 1 h was used
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in the following experiments. After 3 h of incubation intact
oocysts without preliminary excystation also gave positive sig-
nals. After this time the oocyst wall probably became perme-
able for the digestion buffer. The DNase digestion after excys-
tation avoided false-positive signals caused by free DNA from
destroyed sporozoites.
Reaction mixtures for PCR contained 13 PCR buffer (An-

gewandte Gentechnologie Systeme GmbH [AGS]), 0.2 mmol
of each deoxynucleoside triphosphate (AGS) per liter, 50 pmol
of each oligonucleotide primer, 2.5 U of Taq polymerase
(AGS), and 10 ml of template DNA in a final volume of 100 ml.
Negative controls without template and a positive control were
amplified in parallel. PCR was performed by using a DNA thermal cycler (Pharmacia). Template DNAs were initially de-

natured at 948C for 6 min. Then 30 PCR cycles were run under
the following conditions: denaturation at 948C for 1 min,
primer annealing at 508C for 1 min, and DNA extension at
728C for 1 min; these cycles were followed by a final incubation
at 728C for 4 min. For nested PCR, 10 ml of the reaction
mixture from the first round of PCR was reamplified as de-
scribed above in a fresh reaction mix with the nested primer
pair. PCR products were analyzed by using gel electrophoresis.
The amplified DNAs were separated by using a 1.5% horizon-
tal agarose gel. Agarose gels were run in TEB buffer (90 mM
Tris-HCl, 2 mM Na-EDTA, 90 mM boric acid). The gels were
stained in ethidium bromide solution (1mg/ml), visualized with
a UV transilluminator, and photographed.
To determine the specificity of the developed PCR method

for C. parvum, the restriction enzyme BamHI with one restric-
tion site for the target sequence was used as a marker to test
the amplification product. The restriction endonuclease gave
two fragments of 153 and 720 bp (Fig. 3). The specificity of the
designed primers was demonstrated by digestion with the re-
striction endonuclease BamHI. The 873-bp region contains a
unique restriction endonuclease site that serves as a useful
marker for specificity. The restriction endonuclease BamHI
gives two fragments of 153 and 720 bp (Fig. 3). PCR-amplified
DNAs were precipitated with isopropanol in the presence of
glycogen (200 mg/ml). After centrifugation at 12,000 3 g for 20
min, the pelleted DNA was dried. Reaction mixtures for re-
striction contained 13 restriction buffer (AGS) and 8 U of
BamHI in a final volume of 10 ml. After incubation at 378C for
1 h, the products were analyzed by gel electrophoresis.
The specificity of the primers was further tested by attempt-

ing to amplify target sequences from a number of other organ-
isms likely to be found in the same environment. Nucleic acids

FIG. 1. C. parvum oocyst after incubation in excystation medium. sp, sporo-
zoite; cw, cyst wall.

FIG. 2. Agarose gel electrophoresis of PCR products stained with ethidium
bromide. Lanes 1 and 10, 100-bp ladder (Pharmacia); lane 2, the 873-bp target
sequence of the DNA of 1,000 C. parvum sporozoites after the first amplification
round; lane 3, the 604-bp target sequence from the second amplification round
with 10 ml of the reaction mixture from the first amplification round; lane 4,
positive control; lane 5, negative control; lanes 6 and 7, amplification products
from the first round with 100 and 10 sporozoites, respectively; lanes 8 and 9,
amplification products from the second round with 100 and 10 sporozoites,
respectively.

FIG. 3. Agarose gel electrophoresis of PCR products stained with ethidium
bromide. Lane 1, 100-bp ladder (Pharmacia); lane 2, the 873-bp target sequence
of the DNA from 1,000 C. parvum sporozoites; lanes 3 and 4, amplification
product after restriction with BamHI restriction enzyme.
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were recovered from the following microorganisms: Toxo-
plasma gondii (K. Naser, Landesgesundheitsamt Baden-Würt-
temberg, Stuttgart, Germany); a Sarcocystis sp. (University of
Hohenheim, Stuttgart, Germany); Giardia lamblia (P. Karanis,
University of Bonn); Trichomonas vaginalis, Entamoeba coli,
Entamoeba histolytica, Trichuris trichiura, a Taenia sp., Ascaris
lumbricoides, and Hymenolepis nana (Landesgesundheitsamt
Baden-Württemberg); a Cyclops sp., a Rhodospirillum sp.,
Sphaerotilus natans, Saccharomyces cerevisiae, a Micromonos-
pora sp., a Dictyostelium sp., Daphnia pulex, Gammarus roeseli,
a Gerris sp., an Isoperla sp., a Potamophylax sp., and Ephemera
vulgata (University of Hohenheim); and Bacillus cereus, Bacil-
lus subtilis, Citrobacter freundii, Enterobacter aerogenes, Esche-
richia coli, Klebsiella pneumoniae, a Lactobacillus sp., Listeria
monocytogenes, a Micrococcus sp., a Pneumococcus sp., a
Pseudomonas sp., Proteus vulgaris, Pseudomonas aeruginosa,
Salmonella enteritidis, Salmonella typhimurium, Shigella flexneri,
Staphylococcus aureus, Staphylococcus epidermidis, Streptococ-
cus faecalis, Yersinia enterocolitica, Aspergillus niger, Candida
albicans, a Nocardia sp., a Penicillium sp., Mus musculus, and
Homo sapiens (Landesgesundheitsamt Baden-Württemberg).
DNA was recovered and purified by the procedure described
for C. parvum. With the stringent reaction conditions described
above, no amplified products were detected from any of the
strains examined. It was not possible to test other species of
Cryptosporidium, for example, C. meleagridis and C. nosarum.
These species should be examined in further studies.
As well as having the required specificity, a PCR-based de-

tection system must be highly sensitive. In this case, sensitivity
will be a function of the number of excysted sporozoites
present as well as the efficiency of isolation of semipurified
DNA suitable for amplification. To determine the practical
levels of sensitivity, the number of excysted C. parvum sporo-
zoites was determined by direct counting. DNA prepared as
described above from serially diluted sporozoites was then
used in the PCR assay. The isolation of amplifiable DNA from
low numbers of sporozoites was easily practicable by addition
of glycogen as an adsorber before precipitation of the DNA.
The specific 873-bp fragment was faintly visible after a single
round of 30 amplification cycles when as few as 100 sporozoites
were used as the starting material (Fig. 2, lane 6). To see
whether the sensitivity could be improved, an aliquot of the
amplified material was removed and reamplified for a further
30 cycles after addition of fresh reagents with another primer
pair amplifying a 604-bp fragment inside the 873-bp fragment
from the first round. This second round of amplification in-
creased the sensitivity such that 10 sporozoites could some-
times be detected (Fig. 2, lane 8), but this was not yet reliable
or routinely predictable. Therefore, the practical level of sen-
sitivity with this two-phase amplification scheme has to be
determined in further studies. Furthermore, it is important to
run positive and negative controls in parallel, to avoid false-
positive signals caused by contamination of the probes and
false-negative results caused by inhibitors in the probes.
In summary, we have developed a specific and sensitive test

using PCR technology for identification and detection of C.
parvum DNA and for distinguishing live from dead organisms.
The specificity and sensitivity of the primers selected for the
present study appear to be sufficient for use in detection of low
numbers of viable organism, for example, the routine monitor-
ing of drinking water and other environmental samples. The

nested PCR offers enhanced sensitivity derived from a second
round of amplification, which should allow the detection of
viable C. parvum in small amounts; the use of a different,
nested primer pair for the second round maintains specificity.
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