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A routine assay based on the PCR was developed for the detection of Enterocytozoon bieneusi and Encepha-
litozoon intestinalis in fecal samples. Two oligonucleotide primer pairs from a conserved region in the small-
subunit rRNA genes of E. bieneusi (primer pair V1 and EB450) and E. intestinalis (primer pair V1 and SI500)
were used to amplify microsporidian DNA. We achieved specific amplification of a 382-bp DNA fragment in E.
intestinalis and a 353-bp DNA fragment in E. bieneusi. Boiling of the samples appeared to be most effective for
DNA extraction. Fecal samples containing fewer than 10 microsporidia gave a positive result in the PCR assay.
Fecal specimens from 30 human immunodeficiency virus-infected patients with microsporidiosis and fecal
specimens from 42 patients suspected of having microsporidiosis were investigated by the PCR assay. The PCR
assay was validated against standard staining methods (the Uvitex 2B and Chromotrope 2R staining methods)
and immunofluorescence assay specific for E. intestinalis. This comparative study has shown that PCR im-
proved species determination and can thus be considered a fast and reliable method for the detection and
identification of each intestinal species.

Although they are usually reported in animals, microspor-
idia have recently been recognized to be the cause of infections
in humans, especially in immunocompromised patients. In a
recent study, intestinal microsporidia were found in up to 39%
of patients with AIDS and diarrhea and represented the most
common organisms detected among enteric pathogens (12).
The two species Enterocytozoon bieneusi (5), the most com-
monly identified species (2, 15), and Encephalitozoon intestina-
lis (10) are responsible for intestinal pathology in human im-
munodeficiency virus-infected patients with clinical signs of
disease including chronic diarrhea, nausea, malabsorption, and
severe weight loss; E. intestinalis is also responsible for dissem-
inated infection (2, 15).
Diagnosis of intestinal microsporidiosis is hampered by the

small size of the spores released in feces. Spores of E. bieneusi
usually measure 1.5 by 1 mm, whereas the average size of
spores of E. intestinalis is 2.2 by 1.2 mm (15). Attention has
been focused toward the development of reliable, sensitive,
and efficient methods for detecting intestinal microsporidia in
clinical specimens. For that purpose, two staining methods
have been proposed: staining with a modified trichrome stain,
Chromotrope 2R (11, 21), and fluorescent brightener (Uvitex
2B; calcofluor) staining of the chitin present in the microspor-
idian spore wall (18, 19). Indirect immunofluorescent-antibody
staining methods with polyclonal and monoclonal antibodies
have also been used to detect microsporidia (1, 25). Presently,
routine detection of microsporidia in stool specimens is usually

performed by the trichrome stain or Uvitex 2B method or even
a combination of these methods (6). However, transmission
electron microscopy is still the sole method which allows spe-
cies identification (15). A reliable, rapid technique allowing for
the differentiation between E. bieneusi and E. intestinalis in
fecal samples would be useful for the clinical management of
patients with severe symptoms. Indeed, E. intestinalis responds
to albendazole therapy, whereas for E. bieneusi, no convincing
therapy is available (2, 18). The PCR has already been applied
to the detection of microsporidia in intestinal biopsy, stool, and
bile specimens and allowed for the detection of microsporidia
(4, 7, 8, 22, 24). However, a PCR assay for the routine detec-
tion of microsporidia in clinical specimens is not yet available.
The purpose of this study was to develop a PCR assay for the

rapid analysis of fecal samples from patients with intestinal
microsporidiosis. The specificity and sensitivity of this assay
were evaluated by comparison with conventional staining
methods (the Chromotrope 2R and Uvitex 2B staining meth-
ods) and immunofluorescence assay (IFA).

MATERIALS AND METHODS

Microsporidian specimens. Spores of the two microsporidian species were
used. Spores of E. intestinalis were obtained from cultures in rabbit kidney cells
(RK13), as described by van Gool et al. (17). Parasite spores were harvested
weekly and were washed and resuspended in phosphate-buffered saline (PBS).
Spores of E. bieneusi were isolated from feces by flow cytometry as described
before (3).
Stool specimens and DNA extraction. The fecal samples were clinical speci-

mens submitted for routine parasitological analysis. Thirty samples from human
immunodeficiency virus-infected patients in whose feces microsporidian spores
were detected were initially studied by PCR. Microsporidia were detected by
stool examinations with Uvitex 2B stain (18) and modified trichrome stain (11).
Additionally, 42 stool samples examined for the presence of microsporidia by the
Uvitex 2B and Chromotrope 2R staining methods were coded and tested blind
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by PCR. All samples were also screened by a double staining method by com-
bining an IFA with a polyclonal antibody specific for E. intestinalis and Uvitex 2B
stain as described before (13).
Fecal samples were diluted in PBS with 10% Formol (vol/vol) and were filtered

through a 50-mm-pore-size filter. After centrifugation at 2,5003 g/min for 5 min,
the pellet was resuspended in PBS. Ten microliters of the final dilution was
applied to glass slides for staining by standard techniques and IFA. One hundred
microliters of the same solution was washed three times in PBS. The washed
pellet was resuspended in 1 ml of PBS, and pellets which were rich in fecal
material were diluted 10-fold.
Ten microliters of the final stool solution was used for DNA extraction. DNA

was released by heating microsporidia suspended in PBS for 10 min at 1008C by
the method of van Eys et al. (16). For each PCR assay with a fecal solution, a
simultaneous amplification was performed with a sample of each fecal solution
spiked with E. intestinalis or E. bieneusi spores in order to control for false-
negative reactions due to the presence of inhibitory substances. Purified spores
diluted in PBS were used as positive controls. All samples were subjected to
DNA extraction before being tested by PCR (10 ml per reaction vial).
DNA primers and PCR amplification. The primers V1 (59-CACCAGGTTG

ATTCTGCCTGAC-39) and EB450 (59-ACTCAGGTGTTATACTCACGTC
-39) described by Zhu et al. (24) were used to amplify E. bieneusi DNA. The
primers V1 and SI500 (59-CTCGCTCCTTTACACTCGAA-39) described by
Weiss et al. (22) were used to amplify E. intestinalis DNA.
Amplification of DNA was performed in a total volume of 50 ml. The PCR

mixture consisted of 103 reaction buffer (10 mM Tris-HCl [pH 8.3], 50 mM KCl,
1.5 mM MgCl2, 0.01% gelatin), 200 mM (each) deoxynucleotide triphosphate,
300 pM (each) primer, and 0.5 U of Taq polymerase (ATGC, Noisy le Grand,
France). The mixture was then covered with 80 ml of mineral oil. For the two sets
of primers, one amplification cycle consisted of an initial denaturation of target
DNA at 948C for 10 min, followed by denaturation at 948C for 1 min, primer
annealing at 558C for 2 min, and elongation at 728C for 3 min. The last elongation
step was extended to 10 min. Samples were amplified through 35 consecutive
cycles. PCR products were detected by agarose gel electrophoresis and ethidium
bromide staining. Negative control reactions with the reagents were performed
with each batch of amplifications and consisted of tubes containing distilled
water in place of the DNA samples.
Southern hybridization with a radioactive system. Amplified DNA was trans-

ferred from the agarose gel to a positively charged nylon membrane (Hybond-
N1; Amersham, Les Ulis, France). The internal 30-mer oligonucleotide primer
EB150 (59-TGTTGCGGTAATTTGGTCTCTGTGTGTAAA-39) described by
Zhu et al. (24), which was used to confirm that the amplified DNA was from E.
bieneusi (24), was end labelled with [g-32P]ATP (ICN, Orsay, France) and T4
polynucleotide kinase. Prehybridization was carried out in hybridization buffer
for at least 1 h at 508C, followed by an overnight hybridization at 508C in the
same buffer containing the labelled probe at a concentration of 0.53 106 cpm/ml.
Following hybridization, the blot was then washed twice for 15 min each time in
63 SSC (13 SSC is 0.15 M NaCl plus 0.015 M sodium citrate) plus 0.1% sodium
dodecyl sulfate (SDS) at room temperature and once for 3 min at 558C in the
same buffer before being sealed in Saran wrap and exposed to Hyperfilm ECL
(Amersham) for 2 to 16 h at 2808C.
Southern hybridization with a nonradioactive system. Internal oligonucleotide

probes were labelled with digoxigenin-11-dUTP by using the DIG Oligonucleo-
tide Tailing Kit (Boehringer Mannheim, Meylan, France). EB150 was used to
confirm DNA amplification from E. bieneusi and the oligonucleotide sequence
for the E. intestinalis probe was 59-TGGTAGTTAGGGTAATGGCCTAACTA
GGCG-39. Prehybridization was for at least 2 h at 508C with hybridization buffer
containing 53 SSC, 0.1% (wt/vol) N-lauroylsarcosine, 0.02% (wt/vol) SDS, and
1% blocking reagent, as recommended by Boehringer Mannheim. Hybridization
was carried out overnight at 508C in the same buffer with 0.5 pmol of the labelled
probe per ml. The blot was then washed twice for 5 min each time in 23
SSC–0.1% SDS at room temperature and twice for 15 min in 0.53 SSC–0.1%
SDS at 508C. Bound digoxigenin-11-dUTP-labelled oligonucleotides were de-
tected by using the DIG Luminescent Detection Kit (Boehringer Mannheim).
The membrane was autoradiographed on Hyperfilm ECL (Amersham) for 1 to
15 min.
DNA subcloning and sequencing. The amplification products were purified by

using the Prepa gene kit (Promega, Charbonnieres, France). They were then
cloned by using the pGEM-T Vector System II kit (Promega) and were se-
quenced by a commercial company (ESGS, Montigny le Bretonneux, France).
For each microsporidium, four independent small-subunit (SSU) rRNA gene
clones were sequenced to eliminate PCR misincorporation artifacts. The homol-
ogies of the SSU rRNA gene sequences that were obtained to the other micro-
sporidial SSU rRNA sequences present in GenBank were compared by using
Genetics Computer Group software.

RESULTS

The positions of primer pairs V1-EB450 and V1-SI500
within the sequence of the SSU rRNA genes predicted that a
353-bp fragment and a 382-bp fragment would be generated
following PCR of E. bieneusi and E. intestinalis, respectively.

Fragments of the appropriate size were visualized following
PCR of released DNA obtained from parasites or stool spec-
imens (Fig. 1 and 2).
Positive signals obtained by Southern hybridization of PCR

products from E. intestinalis with the internal probe confirmed
that the 382-bp amplified sequence was part of the SSU rRNA
gene of E. intestinalis (Fig. 1B, lanes 1 to 14). Positive signals
obtained by Southern hybridization of PCR products from E.
bieneusi with the internal probe EB150 confirmed that the
353-bp amplified sequence was part of the SSU rRNA gene of
E. bieneusi (Fig. 2B and C). Moreover, sequences of the SSU
rRNA genes of both microsporidia corresponded to previous
published sequences; GenBank database accession numbers
are L16868 (E. bieneusi) (9) and U09929 (E. intestinalis) (20).
No cross-reactivity was detected between the E. intestinalis
primers and spores of E. bieneusi (Fig. 1, lanes 15 to 17) or
between the E. bieneusi primers and spores of E. intestinalis
(Fig. 2, lane 15). No signals were observed for fecal specimens
negative for microsporidia but containing other pathogens (Gi-
ardia intestinalis, Crypstosporidium sp., Blastocystis hominis, and
yeasts).
The sensitivity of the PCR assay was determined by adding

mixtures containing decreasing amounts of spores to the reac-
tion vials. Our results indicate that one spore of E. intestinalis
could be amplified by using the V1-SI500 primers and gave a
weak band on agarose gels (Fig. 1A, lane 6) which was clearly
positive after hybridization with an internal digoxigenin-la-
belled probe (Fig. 1B, lane 6). In order to determine the
sensitivity of the assay for the detection of E. intestinalis in fecal
samples, a fecal specimen from a healthy human was divided
into 10-ml samples and was seeded with serial dilutions of E.
intestinalis spores. One spore per 10 ml per PCR assay could be
detected on ethidium bromide-stained gels (Fig. 1A, lane 12)
and could be confirmed by hybridization analysis (Fig. 1B, lane
12). The results for the two fecal samples found to be positive
for E. intestinalis in our study are presented in Fig. 1, lanes 13
and 14.
The results of sensitivity experiments indicated that PCR

products generated with 1,000 spores could be visualized on
the agarose gel (Fig. 2A, lane 3). After hybridization analysis

FIG. 1. Determination of the sensitivity of the PCR with suspensions of E.
intestinalis and detection of E. intestinalis in fecal specimens. (A) Analysis by
agarose gel electrophoresis. (B) Southern blot analysis and hybridization with a
digoxigenin-11-dUTP-labelled, 30-mer probe. Lanes 1 to 6, 104, 103, 102, 10, 5,
and 1 spore of E. intestinalis, respectively (made from a series of 10- and 2-fold
dilution steps of an E. intestinalis suspension); lanes 7 to 12, negative stool
specimen spiked with E. intestinalis at final concentrations of 104, 103, 102, 10, 5,
and 1 spore per PCR vial, respectively; lanes 13 and 14, two stool samples found
to be positive for E. intestinalis in our study; lane 15, spores of E. bieneusi isolated
by flow cytometry; lanes 16 and 17, stools containing E. bieneusi; lanes 18 and 19,
stools negative for microsporidia; lane 20, HaeIII-digested fX174 DNA as a
molecular size marker. Arrowheads indicate the 382-bp product obtained with
primers V1-SI500 and by hybridization to the internal oligonucleotide probe.
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with the 32P-labelled EB150 probe, the assay could detect
between 10 and 100 spores per 10 ml per PCR assay, according
to the time of exposure of the film after hybridization (Fig. 2B,
lane 4; Fig. 2C, lane 5). One hundred spores could be detected
after 2 h of exposure (Fig. 2B, lane 4), whereas 10 spores were
detected after 16 h of exposure (Fig. 2C, lane 5). One hundred
spores could be detected when the digoxigenin-labelled EB150
probe was used (data not shown).
A portion of each fecal sample was spiked with spores to

detect any false-negative results caused by components which
interfered with the PCR. When spiking showed that interfer-
ence was present (when spiked samples were negative), we
proceeded to test a 10-fold dilution. For all the stool specimens
tested, this procedure was sufficient to restore PCR amplifica-
tion. Representative results for E. bieneusi are presented in
Fig. 2A, lanes 11 to 14. One fecal sample was a true negative
for E. bieneusi, since the nonspiked sample was negative (lane
14) and the spiked sample was positive (lane 13). The second
fecal sample was truly positive for E. bieneusi, since the non-
spiked sample was positive (lane 12) and was confirmed to
originate from this species by Southern analysis with the inter-
nal probe EB150 (Fig. 2B and C, lanes 12).
A total of 72 fecal specimens were analyzed by PCR, stan-

dard staining methods, and IFA. Thirty-four specimens were
found to be positive by PCR and standard staining methods;
however, differences in the species detected were observed
between the methods. According to conventional staining
methods, 28 fecal samples were supposed to contain E. bieneusi
spores alone, whereas 5 stool specimens were supposed to
contain the two species on the basis of morphologic differ-
ences. Of the five stool specimens supposed to contain the two
species of microsporidia, only one was confirmed to be positive

for the two species by PCR. Therefore, 32 fecal specimens
were shown to contain only E. bieneusi by PCR, whereas 28
specimens were shown to contain only E. bieneusi by staining
methods. This result was also confirmed by our IFA technique
specific for E. intestinalis. However, there was a correlation
between all the methods for the fecal sample containing only
E. intestinalis.

DISCUSSION

Rapid and practical means for the specific detection of in-
testinal microsporidian infections are still lacking. A rapid,
sensitive, and specific test for E. bieneusi and E. intestinalis
would be of great value because of the clinical importance of
those pathogens and their differential responses to drug ther-
apy.
Detection of E. bieneusi and E. intestinalis in stool samples

has already been performed. Restriction digests of the PCR
products enabled those species to be differentiated on the basis
of the sizes of their amplicons. However, the DNA extraction
method used by those investigators appeared to be time-con-
suming (7).
The aims of this study were to develop a simple method for

extracting the microsporidian DNA present in fecal specimens
and to develop a specific and sensitive PCR with primers based
on the sequences of microsporidian SSU rRNA genes. Prelim-
inary data suggested the potential use of the PCR with primer
sets V1-EB450 and V1-SI500, which were used as tools for the
specific and sensitive detection of E. bieneusi and E. intestinalis
in fecal specimens (14).
Concerning DNA extraction, boiling of the samples has been

shown to be the simpler and more economical method for
releasing DNA from bacteria (16). It also appears to be the
most attractive and efficient method for the extraction of mi-
crosporidian DNA due to its rapidity and simplicity. This pro-
cedure provided sufficient amounts of pure DNA to yield am-
plified products from microsporidia in all the stool specimens
tested in this study.
Our PCR assay enabled the direct detection of each species

from fecal samples. Inhibitory compounds in feces may inter-
fere with amplification (23). In our experience, inhibition was
nullified by simple dilution of the sample. The reference tech-
niques used for the comparative detection of microsporidia in
stool specimens were Uvitex 2B and trichrome stainings. Our
data indicated that PCR is as sensitive as those standard stain-
ing methods. In addition, it appears to be a detection system
for the specific and accurate identification of intestinal micro-
sporidia. Indeed, our PCR assay showed that E. bieneusi was
exclusively present in four samples which were supposed to
contain both species. This result confirms the restricted validity
of the diagnosis of the specific infecting organism with conven-
tional stains due to variabilities in spore size and shape be-
tween the species. In this situation, variations in E. bieneusi
occurred. There was a good correlation between our IFA tech-
nique and PCR for the identification of E. intestinalis. Exper-
iments with samples of isolated spores revealed a reproducible
sensitivity of about 1 spore for E. intestinalis and 10 spores after
Southern blot analysis for E. bieneusi. Such a difference indi-
cates that the sensitivity of the assay depends on the quality of
the tested sample. Whereas E. intestinalis was isolated from
cultures, E. bieneusi was isolated from stools, and spores from
stools are often damaged and frequently empty. In addition,
the procedures required for flow cytometry analysis and sorting
(Uvitex 2B staining and the intensity of the argon laser) might
also cause damage. Furthermore, controls consisting of sam-
ples sorted by epifluorescence microscopy showed that spore

FIG. 2. Determination of the sensitivity of the PCR with suspensions of E.
bieneusi and detection of E. bieneusi in fecal specimens. (A) Analysis of the PCR
products by agarose gel electrophoresis. (B) Southern blot and hybridization with
[g-32P]ATP-labelled EB150 probe; the time of exposure of the film after hybrid-
ization was 2 h. (C) Southern blot and hybridization with [g-32P]ATP-labelled
EB150 probe; the time of exposure of the film after hybridization was 16 h. Lanes
2 to 6, 104, 103, 102, 10, and 1 spore of E. bieneusi, respectively (made from a
series of 10-fold dilution steps of an E. bieneusi suspension isolated by flow
cytometry); lanes 7 and 8, stools containing E. bieneusi; lane 9, negative stool;
lane 10, HaeIII-digested fX174 DNA as a molecular size marker; lanes 11 and
12, a stool positive for E. bieneusi nonspiked (lane 12) and spiked with 104 spores
of E. bieneusi (lane 11); lane 13 and 14, a negative stool nonspiked (lane 14) and
spiked with 104 spores (lane 13); lane 15, spores of E. intestinalis; lanes 16 to 20,
stools negative for microsporidia. Arrowheads indicate the 353-bp product ob-
tained with primers V1-EB450 and by hybridization to the EB150 oligonucleo-
tide probe (lanes 2 to 8 and 11 to 13).
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purity was not 100%; some fluorescent bacteria or same-size
particles sorted together with microsporidian spores are a
cause of the overestimation of the number of isolated spores.
The use of a digoxigenin-labelled internal probe for South-

ern hybridization has several advantages, the greatest of which
is that it can be stored for a long time, unlike the commonly
used 32P-labelled probes. In addition, no radioactive material
is used, so safety precautions and the problems of radioactive
waste are avoided. In our experiments, the sensitivity of the
digoxigenin-labelled probe was sufficient to confirm the pres-
ence of specific fragments obtained by agarose gel electro-
phoresis.
In addition to sensitivity and specificity, the economy in

labor and time as well as the simplicity of the procedure will
determine the usefulness of PCR as an assay for the detection
of microsporidia. PCR will only work as a routine diagnostic
tool when results are obtained within 1 or 2 days. Likewise, it
can be used as an epidemiologic tool only when a large number
of samples can be processed simultaneously. The boiling
method contributes to the fulfillment of these conditions. Fecal
samples used for PCR were prepared by the concentration
method already used for the routine diagnosis of microsporidia
in our laboratory. Thus, PCR can be combined with routine
procedures, such as Uvitex 2B or Chromotrope 2R staining.
In conclusion, our results indicate that PCR is a valuable

addition to the methods used to diagnose intestinal microspo-
ridiosis. Preparation of the sample and performance of the
assay can be done within 48 h, and the specificity of the assay
with fecal specimens is high. These qualities indicate that our
PCR assay may be the sensitive and rapid tool required for the
diagnosis and determination of the epidemiology of microspo-
ridioses.
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heuer, V. Diehl, and M. Schrappe. 1995. Detection of microsporidia (En-
terocytozoon bieneusi) in intestinal biopsy specimens from human immuno-
deficiency virus-infected patients by PCR. J. Clin. Microbiol. 33:2294–2296.

9. Hartskeerl, R. A., A. R. J. Schuitema, T. van Gool, and W. J. Terpstra. 1993.
Genetic evidence for the occurrence of extra-intestinal Enterocytozoon bie-
neusi infections. Nucleic Acids Res. 21:4150.

10. Hartskeerl, R. A., T. Van Gool, A. R. J. Schuitema, E. S. Didier, and W. J.
Terpstra. 1995. Genetic and immunological characterization of the micro-
sporidian Septata intestinalis Cali, Kotler and Orenstein, 1993: reclassifica-
tion to Encephalitozoon intestinalis. Parasitology 110:277–285.

11. Kokoskin, E., T. Gyorkos, A. Camus, L. Celidotte, T. Purtill, and B. Ward.
1994. Modified technique for efficient detection of microsporidia. J. Clin.
Microbiol. 32:1074–1075.

12. Kotler, D. P. 1995. Gastrointestinal manifestations of immunodeficiency
infection. Adv. Intern. Med. 40:197–241.

13. Ombrouck, C., I. Desportes-Livage, A. Achbarou, and M. Gentilini. 1996.
Specific detection of the microsporidia Encephalitozoon intestinalis in AIDS
patients. C. R. Acad. Sci. 319:39–43.

14. Ombrouck, C., L. Ciceron, and I. Desportes-Livage. 1996. Specific and rapid
detection of microsporidia in stool specimens from AIDS patients by PCR.
Parasite 3:85–86.

15. Orenstein, J. M. 1991. Microsporidiosis in the acquired immunodeficiency
syndrome. J. Parasitol. 77:843–864.

16. van Eys, G. J. J. M., C. Gravekamp, M. J. Gerritsen, W. Quint, M. T. E.
Cornelissen, J. Ter Schegget, and W. J. Terpstra. 1989. Detection of lepto-
spires in urine by polymerase chain reaction. J. Clin. Microbiol. 27:2258–
2262.

17. van Gool, T., E. U. Canning, H. Gilis, M. A. Van den Bergh Weerman,
J. K. M. Eeftinck Schattenkerk, and J. Dankert. 1994. Septata intestinalis
frequently isolated from stool of AIDS patients with a new cultivation
method. Parasitology 109:281–289.

18. van Gool, T., F. Snijders, J. K. M. Eeftinck-Schattenkerk, M. A. van den
Bergh Weerman, J. F. W. M. Bartelsman, J. J. M. Bruins, E. U. Canning,
and J. Dankert. 1993. Diagnosis of intestinal and disseminated microspo-
ridial infections in patients with HIV by a new rapid fluorescence technique.
J. Clin. Pathol. 46:694–699.

19. Vavra, J., R. Dahbovia, W. S. Hollister, and E. U. Canning. 1993. Staining of
microsporidian spores by optical brighteners with remarks on the use of
brighteners for the diagnosis of AIDS associated human microsporidioses.
Folia Parasitol. 40:267–272.

20. Visvesvara, G. S., A. J. Da Silva, G. P. Croppo, N. J. Pieniazek, G. J. Leitch,
D. Fergusson, H. De Moura, S. Wallace, S. B. Slemenda, I. Tyrrell, D. F.
Moore, and J. Meador. 1995. In vitro culture and serologic and molecular
identification of Septata intestinalis isolated from urine of a patient with
AIDS. J. Clin. Microbiol. 33:930–936.

21. Weber, R., R. T. Bryan, R. L. Owen, C. M. Wilcox, L. Gorelkin, and G.
Visvesvara. 1992. Improved light-microscopical detection of microsporidia
spores in stool and duodenal aspirates. N. Engl. J. Med. 326:161–166.

22. Weiss, L. M., X. Zhu, A. Cali, H. B. Tanowitz, and M. Wittner. 1994. Utility
of microsporidian rRNA in diagnosis and phylogeny: a review. Folia Para-
sitol. 41:81–90.

23. Widjojoatmodjo, M. N., A. C. Fluit, R. Torensma, G. P. H. T. Verdonk, and
J. Verhoef. 1992. The magnetic immuno polymerase chain reaction assay for
direct detection of salmonellae in fecal samples. J. Clin. Microbiol. 30:3195–
3199.

24. Zhu, X., M. Wittner, H. B. Tanowitz, D. Kotler, A. Cali, and L. M. Weiss.
1993. Small subunit rRNA sequence of Enterocytozoon bieneusi and its po-
tential diagnostic role with use of the polymerase chain reaction. J. Infect.
Dis. 168:1570–1575.

25. Zierdt, C. H., V. J. Gill, and W. S. Zierdt. 1993. Detection of microsporidian
spores in clinical samples by indirect fluorescent-antibody assay using whole-
cell antisera to Encephalitozoon cuniculi and Encephalitozoon hellem. J. Clin.
Microbiol. 31:3071–3074.

VOL. 35, 1997 PCR DETECTION OF INTESTINAL MICROSPORIDIA IN FECES 655


