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Combinations of 10 Cryptosporidium parvum oocysts, with various ratios of genotype I to genotype II, were
isolated and subjected to PCR-restriction fragment length polymorphism analysis. Amplification of both
genotypes in these samples ranged from 31 to 74% and yielded no information about the genotype proportions.
In addition, since both genotypes were not always detected, amplification of a single genotype is not conclusive
evidence that the sample contains only a single genotype.

Two genotypes of Cryptosporidium parvum are considered to
be responsible for most of the burden of cryptosporidiosis in
humans—Type I, reported to infect predominantly humans,
and Type II, which infects both animals and humans (8, 10, 14).
As many as 20 other Cryptosporidium species have been re-
ported to infect other mammals and birds and reptiles (19) but
were thought to be host specific and not believed to cause
disease in humans. Recently, several studies have reported one
or more of these other species to be the cause of human
infections (4, 6, 17).

The diversity of Cryptosporidium species that can infect hu-
mans has important implications for epidemiological studies
and environmental screening. Studies on the molecular epide-
miology have found that multiple genotypes can circulate
within a geographic region (5, 9, 17, 18). Oocysts can survive
for more than 3 months in the environment under appropriate
conditions and are resistant to normal water treatment disin-
fection practices (13). This persistence in the environment
allows the environmental samples to be contaminated with
more than one genotype. Multiple genotypes have been de-
tected within single outbreaks (9), indicating that single
sources of exposure can contain mixed genotypes. Coinfection
of humans with multiple genotypes is also possible, as multiple
genotypes have been isolated from a single patient (1, 5, 9).

Cryptosporidiosis is generally self-limiting in immunocom-
petent patients (2). However, there remains no effective che-
motherapy for the disease (15). This lack of drug treatment is
of concern for the immunocompromised patients, for whom
the parasite’s self-perpetuating life cycle can result in long-
term diarrhea and major fluid loss (2). Without treatment,
control becomes the best method to reduce the burden of
disease. Environmental screening has been undertaken to
ensure the safety of water supplies and identify sources of
contamination if necessary (12). Studies of molecular epide-
miology have also been done to determine infection and trans-
mission patterns (17, 18).

Accurate and sensitive methods of detection and genotyping
are needed to adequately address these issues. In both epide-

miological and environmental studies, PCR has become an
efficient means to detect and genotype the organism (7). How-
ever, there have been no attempts to evaluate its ability to
characterize a mixed genotype population of oocysts. With the
increased use of PCR, there remains a need to fully evaluate
this technique. This report evaluates the sensitivity of PCR-
restriction fragment length polymorphism (RFLP) analysis ap-
plied to mixed ratios of C. parvum genotypes.

For this study, the ability of PCR to detect multiple geno-
types in a single source was evaluated with mixed ratios of C.
parvum genotypes I and II. Using a method previously de-
scribed (16), oocysts of each genotype were isolated via micro-
manipulation and transferred into 10 �l of 1� PCR buffer in a
thin-walled PCR tube. Using nested PCR, detection of a single
oocyst is possible, and 100% detection can be achieved at the
level of 10 oocysts (16).

For each reaction, a set of 10 oocysts was isolated. The sets
differed in their ratios of genotype I to genotype II oocysts. The
five ratios evaluated were (genotype I:genotype II) 1:9, 3:7, 5:5,
7:3, and 9:1. DNA was liberated and PCR was performed
following a procedure described previously (16). The nested
PCR results in a final 593-bp amplicon for genotype I and a
590-bp amplicon for genotype II (indistinguishable within the
agarose gel).

Following PCR, 15 �l of the nested amplicon was digested
with 3 U of VspI (Promega, Madison, Wis.) in the supplied
buffer for 8 h at 37°C. Digested products were visualized on 2%
agarose gels stained with ethidium bromide (0.5 �g/�l) fol-
lowed by UV transillumination. The VspI digest allows differ-
entiation between genotypes I and II, as only the genotype I
amplicon contains a restriction site—producing 503- and 90-bp
fragments (Fig. 1). To demonstrate that genotype I amplicons
were completely digested, approximately 200 ng of PCR am-
plicon from both genotypes were digested singly or in the
presence of the other genotype (Fig. 1).

In total, at least 50 replicates for each ratio were subjected
to PCR-RFLP analysis. Results are summarized in Table 1.
Both genotypes were detected in various proportions at all
ratios, and thus, mere amplification during PCR yielded no
information about the proportion of genotypes in a single
sample. In addition and more significantly, both genotypes
were not always detected, even at a 5:5 ratio, which consistently
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provided the greatest sensitivity. Genotype I was singly de-
tected at all ratios, while genotype II was singly detected at all
ratios but one. Because no ratio amplified both genotypes
universally, a PCR amplification of a single genotype is not a
conclusive indication that the sample contains only a single
genotype. Thus, when reporting the presence of one C. parvum
genotype in a sample, it should be mentioned that the other
genotype was not detected. This result raises the issue of false-
negative samples with epidemiological implications. It has
been reported that oocyst concentration in environmental sam-
ples is likely to be low (range, �0.007 to 484 oocysts/liter; n �
66; geometric mean, 2.7 oocysts/liter) (3), and thus the pres-
ence of a given genotype may go undetected.

Some variation in the detection of genotypes I and II at the
different ratios may be due to oocyst age. By the end of the
study, the sample of genotype I oocysts used was 8 months old
while the sample of genotype II oocysts used was 5 months old.
However, oocysts can remain infective 6 to 9 months in the
environment (13) and environmental samples can easily con-
tain oocysts of various ages.

Although the overall detection percentages may vary slightly
with oocyst age and population size, the implications are clear.
Both genotypes were detected, even at a fairly disparate oocyst
ratio (1:9). Conversely, both genotypes were not always de-
tected, even at an even ratio. This supports the need for anal-

ysis at the single-oocyst level for molecular epidemiology stud-
ies.

We acknowledge the current limitations of PCR amplifica-
tion and genotyping at the single-oocyst level due to the fact
that PCR sensitivity is reduced with low oocyst numbers (16).
With environmental samples containing low numbers of oo-
cysts (3, 11), the low sensitivity of PCR may make the process
less effective (16). For fecal samples and other samples in
which the quantity of oocysts may be large, amplifying and
typing single manipulated oocysts may provide more accurate
information about genotype distribution. Therefore, with the
current sensitivity of PCR to single-source mixed populations,
additional techniques, i.e., micromanipulation, RFLP analysis,
cloning, and/or sequencing, should be performed to determine
the true distribution of genotypes in a sample.

We thank B. Helen Jost and Marilyn M. Marshall for their assis-
tance and helpful discussions.
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TABLE 1. Detection of C. parvum genotypes I and II within a
single-source environment of mixed genotype ratiosa

Type I:type II
genotype

ratio

Positive detection/no. of replicates (%)

Genotype I only Genotype II only Both genotypes

1:9 1/53 (2 ) 25/53 (47) 27/53 (51)
3:7 9/50 (18) 7/50 (14) 34/50 (68)
5:5 10/50 (20) 3/50 (6 ) 37/50 (74)
7:3 27/52 (52) 3/52 (6 ) 22/52 (42)
9:1 35/51 (69) 0/51 (0 ) 16/51 (31)

a Mixed C. parvum genotypes I and II ratios were established by micromanip-
ulation, and the presence of a particular genotype was determined by nested-
PCR amplification followed by RFLP analysis with VspI.
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