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Cryptosporidium parvum is a coccidian protozoan that causes diarrhea in humans, often chronic and severe
in patients with AIDS. Conventionally, diagnosis is made by concentration of stools followed by acid-fast
staining (AF) or immunofluorescent staining. The threshold of detection in human stool specimens by these
methods may require the presence of 50,000 (immunofluorescent staining) to 500,000 (AF) oocysts per g of
stool. In this study, a nested PCR assay was developed to detect C. parvum DNA directly from stool specimens.
After extraction of DNA from formalinized stool, a 400-bp fragment of C. parvum DNA was amplified with two
26-mer outer primers. The amplicon from this reaction was amplified with a second primer pair. With these
nested primers, a 194-bp DNA fragment was amplified and confirmed as C. parvum DNA by internal probing
with an enzyme-linked chemiluminescence system. This PCR-based test allowed the detection of 500 oocysts
per g of stool or 100 ng of C. parvum DNA. Studies indicate that the primers utilized are specific for the DNA
of C. parvum. DNA sequences were also detected in stool specimens from 4 of 28 patients previously reported
negative by AF. In summary, a rapid, sensitive, and specific assay for the detection of C. parvum directly from
stool specimens has been developed. This test has the potential for detecting asymptomatic infection, moni-
toring the response to therapy, and detecting the organism in environmental sources.

Cryptosporidium parvum is a coccidian protozoan that causes
diarrhea in humans, usually self-limited in immunocompetent
hosts but severe and debilitating in immunocompromised
hosts. Cryptosporidiosis is very common in patients with AIDS.
In a study of human immunodeficiency virus-infected patients
with diarrhea, 37.3% were found to be infected with C. parvum
(1).
Commonly utilized coprodiagnostic methods involving stool

concentration and visualization using acid-fast staining (AF) or
immunofluorescent staining (IF) have a low sensitivity, espe-
cially in formed stools, in which the threshold for detection
may require the presence of 50,000 (IF) to 500,000 (AF test)
oocysts per g of stool (12). In a recent study of human immu-
nodeficiency virus-infected patients with chronic diarrhea and
negative stools by AF, C. parvum oocysts were detected in
11.6% of patients undergoing small bowel biopsy (5). The
median infective dose of C. parvum has been found to be 132
oocysts in healthy volunteers and can be as low as 30 oocysts
(2). Asymptomatic carriage can be significant and may cause
person-to-person transmission. Therefore, development of
sensitive diagnostic methods would have significant clinical
implications.
A DNA sequence of C. parvum has been identified and

successfully amplified by Laxer et al. using PCR (6). In this
study, we report the detection of C. parvum DNA from oocysts
directly in human stool specimens by a nested PCR technique.
Our preliminary results indicate a significantly enhanced sen-
sitivity over that of traditionally used methods.

MATERIALS AND METHODS

Extraction of DNA. DNA was extracted from purified C. parvum oocysts and
from pure cultures of Entamoeba histolytica, a Microsporidia sp. (Septata intesti-
nalis), Blastocystis hominis and Giardia lamblia, all obtained from the American

Type Culture Collection, by a modification of the method of Kato et al. (4). One
hundred microliters of the cell suspension (1 3 105 to 5 3 105 cells) was
centrifuged at high speed (7,000 3 g) to pellet cells. The cells were then sus-
pended in TES buffer (50 mM Tris [pH 8], 5 mM EDTA, 50 mM NaCl)
containing 0.8% Sarkosyl and 100 mg of proteinase K per ml and incubated at
608C for 2 h. After digesting with proteinase K, the supernatant was extracted
twice with phenol-chloroform-isoamyl alcohol (24:24:1) and the DNA was pre-
cipitated with 2 volumes of ice-cold ethanol.
For the sensitivity studies, human stool specimens that tested negative for C.

parvum by AF were spiked with C. parvum oocysts at concentrations of 100, 500,
1,000, and 10,000 oocysts per g of stool. The DNA from these spiked specimens
was extracted as described above with the following modifications. Briefly, 100
mg of stool specimen was dissolved in 400 ml of TES buffer. The suspension was
centrifuged at 2,000 3 g for 3 min to remove large particles. The supernatant
containing the oocysts was then centrifuged at high speed (7,000 3 g) to pellet
oocysts. The pelleted oocysts were resuspended in 5.25% sodium hypochloride
and washed twice in distilled water. The washed pellet was suspended in 240 ml
of TES buffer containing 0.8% Sarkosyl and 100 mg of proteinase K per ml and
treated as described above. The precipitated DNA was quantitated as described
elsewhere (3).
DNA amplification from stool specimens and from pure cultures. A nested

PCR approach was used to amplify a 194-bp DNA fragment of C. parvum as
shown in Fig. 1. This segment of C. parvumDNA as well as the outer primers and
probe correspond to sequences described by Laxer et al. (6). The PCR method
of Mullis and Faloona (8) was used for amplification with the thermostable DNA
polymerase (rTaq; Perkin-Elmer Cetus). For the first amplification reaction the
outer primers, BB-1 and BB-2, were used. The reaction mixtures were prepared
in PCR buffer (50 mM KCl, 20 mM Tris-HCl, 2.5 mM MgCl2, 100 mg of bovine
serum albumin per ml, pH 8.4) and contained, per reaction, 20 pmol of the
respective primers, a 0.1 mM concentration of each of the 29-deoxynucleoside
59-triphosphates, 2 U of recombinant thermostable DNA polymerase, and 5 ml of
the purified DNA. For the second round of amplifications, the reaction mixture
was prepared as described above, except that the inner primers, BB-3 and BB-4,
were used and 5 ml of the amplified product from the first PCR was used as the
source of DNA. The reaction mixtures were covered with 150 ml of mineral oil
(Sigma Chemical, St. Louis, Mo.) to prevent evaporation, and the reactions were
initiated by denaturing the DNA at 958C for 1 min, followed by annealing of the
primers at 458C for 2 min, with extension at 728C for 3 min. Amplification was
done for 35 cycles in a thermal cycler (MJ Research). Negative controls consisted
of a blank containing all PCR reagents but no DNA.
Detection of amplified products. Amplification products were visualized by

running 12 ml of the reaction mixture in 2% agarose gels in Tris-borate-EDTA
buffer. Size markers included in all gels were the 123-bp DNA ladder (Bethesda
Research Laboratories, Grand Island, N.Y.). Gels were run at a constant 110 V
for 90 min. Gels were stained in an ethidium bromide solution (0.5 mg/ml) for 30
min, destained for 30 min, and photographed under UV light with a Land camera
(Polaroid, Cambridge, Mass.).
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Immunologic Diseases, University of California, Davis Medical Cen-
ter, 4301 X St., Professional Building, Suite 2410, Sacramento, CA
95817. Phone: (916) 734-3741. Fax: (916) 734-7766.
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Southern blot analysis. PCR products were confirmed as C. parvum by internal
probe hybridization. A nonradioactive method employing horseradish peroxi-
dase, a biotin-labeled oligomer, and an enzyme chemiluminescence detection
system (Amersham, Arlington Heights, Ill.) was used as previously described (3).

RESULTS

Amplification of C. parvum DNA. We developed a nested
PCR assay to detect Cryptosporidium oocysts directly in stool
specimens. With a pair of outer primers (BB-1 and BB-2) the
expected 400-bp amplicon was obtained from DNA extracted
from purified oocysts and from oocysts present in stool speci-
mens (Fig. 2). Amplification of this amplicon with the inner
primers (BB-3 and BB-4) yielded the expected 194-bp DNA
fragment. The specificity of the product was confirmed by
Southern blot analysis with a biotin-labeled internal probe
(BB-5). As can be seen in Fig. 4 (lanes 9 and 17), DNA from
purified oocysts hybridized with the probe.
Sensitivity of PCR in detecting C. parvum DNA. The sensi-

tivity of this system in detecting C. parvum was determined
with two experiments. In the first set of experiments, Crypto-
sporidium oocysts at concentrations ranging from 100 to 104

were inoculated into 1 g of stool obtained from a healthy
volunteer. This nested PCR system allowed the detection of C.
parvum when as few as 500 oocysts per g of stool were present
(Table 1 and Fig. 2). This experiment was repeated three times
and consistently detected 500 oocysts per g of stool; no ampli-
fication product was detected with 100 oocysts per g. DNA
extracted from the unspiked stool could not be amplified by the
nested PCR method for C. parvum; however, the 16S rRNA

gene of enteric bacteria was amplifiable, indicating the lack of
inhibitors of Taq polymerase in the extract (data not shown).
We also determined the sensitivity of the PCR assay in ampli-
fication reactions with C. parvum DNA at concentrations rang-
ing from 10 ng to 1 mg. In these experiments, as little as 100 ng
of cryptosporidial DNA was detected (Table 1).
Specificity of the PCR. To further establish the specificity of

our PCR system, amplification reactions were carried out with
DNA from other common intestinal parasites. As can be seen
in Fig. 3A, the nested PCR was able to differentiate C. parvum
from E. histolytica, G. lamblia, B. hominis, and S. intestinalis.
No amplification products of the expected size were obtained
with the DNA extracted from any of these protozoans, and

FIG. 1. C. parvum DNA sequence targeted for amplification.

FIG. 2. Sensitivity of PCR in detecting C. parvum DNA. Lanes 1 and 16,
123-bp DNA marker ladder; lanes 3 to 6, DNA from stool spiked with 104, 103,
500, and 102 C. parvum oocysts, respectively, and amplified with the outer
primers; lanes 9 to 12, PCR products after amplification of the first amplicon with
the inner primers (104, 103, 500, and 102 oocysts, respectively); lanes 7 and 13,
DNA from C. parvum oocysts after outer and both outer and inner primer
amplification, respectively; lanes 8 and 14, negative control (containing all PCR
reagents but no target DNA added).

TABLE 1. Sensitivity of PCR in detecting C. parvum

Prepn tested

Detection by:

Amplification
Conventional

testsaOuter
primer Nested

Oocystsb (no. [102])
1 2 2 ND
5 2 1 ND
10 2 1 2
100 2 1 1
5,000 ND ND 1
50,000 ND ND 1

DNAc (ng)
10 2 2
100 2 1 NA
500 2 1 NA
1,000 1 1 NA

a These results are taken from the literature and cited in reference 2. ND, not
done; NA, not applicable.
b C. parvum oocysts were inoculated into stools from asymptomatic patients.

The DNA was extracted and amplified as indicated in the text.
c DNA from C. parvum was amplified as described in the text.

1770 BALATBAT ET AL. J. CLIN. MICROBIOL.



these samples remained negative when probed with the inter-
nal probe (Fig. 3B).
Amplification of clinical specimens. To determine the fea-

sibility of our PCR technique as a clinical assay, we extracted
and amplified DNA from 28 stool specimens from patients
with AIDS who had diarrhea but whose stools had tested
negative by the AF test. C. parvum DNA sequences were
detected in four of these patients after amplification with the
inner primers (Fig. 4A). These products were confirmed as C.
parvum by Southern blot analysis (Fig. 4B).

DISCUSSION

Cryptosporidiosis is recognized as one of several emerging
infectious diseases. First identified as causing human disease in
1976 (9), C. parvum causes sporadic gastrointestinal disease in
healthy hosts but a very severe cholera-like illness in immuno-
compromised hosts. In 1993, C. parvum caused the largest
waterborne outbreak in the United States (Milwaukee, Wis.),
affecting as many as 400,000 people (7), with biliary cryptospo-
ridiosis resulting in human immunodeficiency virus-infected
people, who are particularly at risk (10). Although current
laboratory methods are generally considered adequate to de-

tect high concentrations of oocysts, they fail to detect cases of
cryptosporidiosis in many immunocompromised patients.
In this report we describe a rapid, sensitive, and specific

method for the direct detection of C. parvum in stool speci-
mens by PCR. PCR-based assays have previously been used by
others to identify C. parvum. In those studies, amplification
reactions were performed on DNA extracted from purified
oocysts or paraffin-embedded tissues (6, 13). We have applied
this technique to directly detect C. parvum in stool specimens.
The specific PCR amplification from fecal extract eliminates
the need for laborious concentration procedures with the sub-
sequent loss of oocysts which occurs during purification (12).
The sensitivity of current diagnostic methods (AF and IF)

for detecting C. parvum oocysts in human stools has been
reported to be 10,000 oocysts per g of watery stool, while in
formed stools 50,000 or 500,000 oocysts are required for a
positive IF or AF test, respectively (12). Therefore, more-
sensitive methods are clearly needed to identify asymptomatic
or chronic carriers in whom the burden of oocysts is below the
threshold for detection.
Webster et al. (13) have reported the detection of 2,000

oocysts by PCR after amplification of DNA extracted from
purified oocysts. We have increased this sensitivity further by

FIG. 3. Specificity of the PCR assay in differentiating C. parvum from other
intestinal parasites. (A) Ethidium bromide-stained 2% agarose gel of PCR prod-
ucts; (B) Southern blot analysis of products in panel A. Lanes 1 and 16, 123-bp
DNA ladder; lanes 3 and 9, DNA from E. histolytica; lanes 4 and 10, DNA from
G. lamblia; lanes 5 and 11, DNA from B. hominis; lanes 6 and 12, DNA from S.
intestinalis; lanes 7 and 13, DNA from C. parvum; lanes 8 and 14, negative
controls (containing all PCR reagents but no target DNA).

FIG. 4. Ethidium bromide-stained 2% agarose gel with PCR products of
DNA from clinical specimens (A) in Southern blot analysis (B). Lanes 1 and 20,
123-bp DNA marker ladder; lanes 3 to 8, DNA from symptomatic patients
amplified with outer primers BB-1 and BB-2; lanes 11 to 16, PCR products after
amplification of the first amplicon with inner primers BB-3 and BB-4 (expected
size, 194 bp); lanes 9 and 17, DNA from 103 C. parvum oocysts after outer and
both outer and inner primer amplification, respectively; lanes 10 and 18, negative
controls (containing all reagents but no target DNA added).
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employing a nested primer technique applied directly to stool
extracts to detect as few as 500 oocysts per g of stool, which
represents a 100-fold increase in sensitivity compared with that
of the IF method. The degree of sensitivity achieved in this
study may be particularly useful in identifying and diagnosing
those symptomatic patients with stools negative by the tradi-
tional diagnostic methods. Recently, a sensitivity of 100 puri-
fied sporozoites has been achieved by a similar technique (11).
We determined the specificity of our system to the DNA

extracted from other common intestinal parasites (G. lamblia,
B. hominis, E. histolytica, and S. intestinalis). Nonspecific am-
plification products of various sizes were observed with the
DNA from some of these organisms; however, the oligonucle-
otide probe, BB-5, hybridized only to the PCR product derived
from C. parvum. Using the outer primers, Laxer et al. (6) were
unable to amplify DNA from Toxoplasma gondii, Trichomonas
vaginalis, or Plasmodium falciparum. Although the function of
the target DNA segment is unknown (6), these results suggest
that it is not shared by these other species of protozoans.
The sensitivity of the PCR technique was also tested at the

clinical level. We have demonstrated C. parvum oocysts in the
stools of four AIDS patients with diarrhea whose stools were
negative by the AF test. This assay may contribute to the
identification of a population of patients who are carriers of C.
parvum (in either the presence or absence of active clinical
disease) at a threshold below that detectable by the current
diagnostic tests. These findings may have significant clinical
implications and may contribute to a better understanding of
the epidemiology of cryptosporidiosis. Another potential ap-
plication of this PCR assay could be in environmental studies
and testing of water treatment plants as well as in monitoring
responses to new therapeutic drugs.

ACKNOWLEDGMENT

We thank Gloria Marquez for excellent typing of the manuscript.

REFERENCES

1. Cotte, L., M. Rabodonirina, M. A. Piens, M. Perreard, M. Mojon, and C.
Trepo. 1993. Prevalence of intestinal protozoans in French patients infected
with HIV. J. Acquired Immune Defic. Syndr. 6:1024–1029.

2. Dupont, H., C. Chappell, C. Sterling, P. Okhuysen, J. Rose, and W.
Jakubowski. 1995. The infectivity of Cryptosporidium parvum in healthy
volunteers. N. Engl. J. Med. 308:1252–1257.

3. Gumerlock, P. H., Y. J. Tang, F. J. Meyers, and J. Silva, Jr. 1991. Use of the
polymerase chain reaction for the specific and direct detection of Clostridium
difficile in human feces. Rev. Infect. Dis. 13:1053–1060.

4. Kato, N., C.-Y. Ou, H. Kato, S. L. Bartley, C.-C. Luo, G. E. Killgore, and K.
Ueno. 1993. Detection of toxigenic Clostridium difficile in stool specimens by
the polymerase chain reaction. J. Infect. Dis. 167:455–458.

5. Kotler, P. D., A. Francisco, F. Clayton, J. V. Scholes, and J. M. Orenstein.
1990. Small intestinal injury and parasitic diseases in AIDS. Ann. Intern.
Med. 133:444–449.

6. Laxer, M. A., B. K. Timblin, and R. J. Patel. 1991. DNA sequences for the
specific detection of Cryptosporidium parvum by the polymerase chain reac-
tion. Am. J. Trop. Med. Hyg. 45:688–694.

7. MacKenzie, W. R., N. J. Hoxie, M. E. Proctor, et al. 1994. A massive
outbreak in Milwaukee of Cryptosporidium infection transmitted through the
public water supply. N. Engl. J. Med. 331:161–167.

8. Mullis, K. B., and F. A. Faloona. 1987. Specific synthesis of DNA in vitro via
a polymerase-catalyzed chain reaction. Methods Enzymol. 155:335–350.

9. Nime, F. A., J. D. Burek, D. L. Page, M. A. Holscher, and J. H. Yardley. 1976.
Acute enterocolitis in a human being infected with the protozoan Crypto-
sporidium. Gastroenterology 70:592–598.

10. Vakil, N. B., S. M. Schwartz, B. P. Buggy, C. F. Brummitt, M. Kherellah,
D. M. Letzer, I. H. Gilson, and P. G. Jones. 1996. Biliary cryptosporidiosis in
HIV-infected people after the waterborne outbreak of cryptosporidiosis in
Milwaukee. N. Engl. J. Med. 334:19–23.

11. Wagner-Wiening, C., and P. Kimmig. 1995. Detection of viable Cryptospo-
ridium parvum oocysts by PCR. Appl. Environ. Microbiol. 61:4514–4516.

12. Weber, R., R. T. Bryan, H. S. Bishop, S. P. Wahlquist, J. J. Sullivan, and
D. D. Juranek. 1991. Threshold of detection of Cryptosporidium oocysts in
human stool specimens: evidence for low sensitivity of current diagnostic
methods. J. Clin. Microbiol. 29:1323–1327.

13. Webster, K. A., J. D. E. Pow, M. Giles, J. Catchpole, and M. J. Woodward.
1993. Detection of Cryptosporidium parvum using a specific polymerase chain
reaction. Vet. Parasitol. 50:35–44.

1772 BALATBAT ET AL. J. CLIN. MICROBIOL.


