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SUMMARY

Introduction. Dientamoeba fragilis is an intestinal protozoan parasite that is attracting growing interest. Several
authors have associated the presence of this faecal agent to numerous intestinal and systemic clinical symptoms,
even though asymptomatic carriers have been reported.Actually, to perform the coproparasitology exam for the
identification of D. fragilis it is necessary to recur to an expert microscopist. Recently, several real-time TagMan
assays for the detection of D. fragilis has been reported. In this work we validate an original real-time PCR
(TagMan), re-evaluating the traditional microscopic diagnosis. Moreover, the potential for quantitative informa-
tion, intrinsic of this molecular technique, was preliminarly explored.

Methods. Forty-six carriers of D. fragilis were selected from patients referred to the Service of Microbiology of
Padova University Hospital. The parasite was preliminarily detected on several occasions in each patient using
traditional microscopy. A control group included forty-two healthy volunteers. Real-time PCR was applied to a
stool sample from each subject. On the same sample, gel-electrophoresis amplicon detection PCR and micro-
scopic examination were also performed.

Results. The sensitivity of real-time PCR was 100%, whereas microscopy showed 93% sensitivity (direct wet
mount on fixed stools and trichrome stain), gel-electrophoresis PCR 76% and Giemsa stain 52%.The specificity
of all methods was 100%. On the quantitative side, the frequency distribution of the protozoan load of the stools
revealed a near to log-normal pattern is apparent for the data yielded by real-time PCR.

Conclusions. The real-time PCR was clearly superior to either the gel electrophoresis PCR or the traditional
microscopic examination. Just one unpreserved stool sample was adequate to find the parasite.

The entire procedure could be performed within a few hours avoiding toxic dyes.
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INTRODUCTION ing in patients with acute illness, whereas abdom-

Dientamoeba fragilis is an intestinal protozoon
that is attracting growing interest. Several authors
have associated the presence of this faecal agent
to numerous intestinal and systemic clinical
symptoms, even though asymptomatic carriers
have been reported (3, 5, 9, 10, 15, 19, 22). D.
fragilis's infection may persist for years with a
range of 1-630 weeks and it may evoke various
symptoms, including diarrhoea and abdominal
pain (14, 17). Diarrhoeais the most common find-

ina pain was more common in children with
chronic symptoms (2). D. fragilis has been report-
ed from most areas of the world where careful sur-
veys have been taken. Overall estimates for vari-
ous countries can vary from 1.5% to 53%, mean-
while the parasite prevalence among unselected
population in developed countries range from
1.5% to 4.2% (25, 29).

The interest for an accurate, reliable, and cost-
effective method to detect the parasite has to be
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compounded with the impact of D. fragilis in
human pathology, which still deserves further
investigation.

In our experience, Dientamoeba fragilis showed a
mean prevalence of 2.3% among people referred
to our centre between 2005-2007, most of al to
referred non hospitalized patients. One hundred
patient resulted positive with traditional
microscopy reported abdominal pain (36%), diar-
rhoea (10%), stipsis (8%), weight loss (8%) and
nausea (6%). Skin rush and spread itch were
reported respectively on 26% and 20% of inter-
viewed patients, sometimes with no other gas-
trointestinal symptoms associated (unpublished
observations). High prevalence of cutaneous
symptoms has not been reported in literature yet,
so further investigations are request to clarify the
link between D. fragilis and this pain.

Actually, to perform the coproparasitology exam
for theidentification of D. fragilisit is necessary to
consult an expert microscopist. The laboratory
detection rate of the organism is greatly enhanced
by use of preservativeto fix stool specimensimme-
diately after passage, examining a minimum of
three stool specimens (11, 27).

Currently microscopy is considered to be the gold
standard for diagnosis of D. fragilisinfection and it
can be performed only with permanent stains on
freshly passed or fixed stool samples. The use of
permanently stained smears is arecommended and
common practice in North America (7), but few
laboratories in Italy use these techniques, which
probably leads to an under-representation of the
true prevalence of the parasite. Such techniques are
time consuming and require experienced laborato-
ry personnel to interpret the stained smears, at
times with about 200-300 oil immersion fields
examined microscopicaly (8). Culture techniques
are by far the most sensitive method of detecting D.
fragilis but these are too complex and time-con-
suming for routine laboratories (18, 27, 28).
Molecular methods have aso been proposed. PCR
procedures with gel electrophoresis amplicon
detection has been described (16, 20). Recently, a
real-time TagMan assay was also reported (12, 22).
Theaim of the present study wasto investigate the
effectiveness of the DNA amplification approach
tothe diagnosis of D. fragilisinfection. Compared
to the traditiona methods, it was reasonable to
expect an increase in the diagnostic accuracy by
using a PCR procedure. In this work we validated
the real-time TagMan assay by adopting an origi-
nal set of primers and probe, and re-evaluated the
traditional microscopic diagnosis. Moreover, a
step was done toward the exploitation of the
potential to furnish quantitative information resid-
ing in real-time PCR. Indeed, in several instances
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concerning the infectious diseases, the quantita-
tive assay of the infecting agent is often predictive
of the clinical context.

MATERIALSAND METHODS

Patients and samples A group of 46 carriers of
Dientamoeba fragilis was enrolled, selected
among the patients referred to the Service of
Microbiology of Padova University Hospital for
routine parasitological examination of stool sam-
ples during 2005-2007 (case group). Most of these
subjects, with an age included between 4 and 72
years old, were symptomatic, reporting recurrent
episodes of diarrhoea (or soft stools) or abdominal
pain (or discomfort). Interestingly, a lot of them
reported cutaneous symptoms, like skin rush and
pruritus, often association with intestinal pain. D.
fragilis was preliminarily detected on severa
occasions in each patient by reference parasito-
logical examination based on optical microscopy
(7). A second group (control group) was enrolled
including 42 healthy volunteers (medical school
students of the University of Padova and their rel-
atives). All the 42 volunteers declared not to be
affected by abdominal or systemic symptoms.

All subjects included in the study were asked to
collect at home a faecal sample and to split it into
two aliquots. One aliquot was put in a bottle con-
taining SAF (sodium acetate-acetic acid-formalin)
and the other one in an empty bottle. The unpre-
served aliquot was preserved at 4 °C and trans-
ported to the laboratory at most 12 hours after
evacuation. The unpreserved aliquots were
analysed using two molecular techniques (gel
electrophoresis PCR and real-time PCR) and the
traditional optical Giemsa stain microscopy. The
preserved aliquots were analysed using direct wet
preparations of fixed faecal samples and
Trichrome stain microscopy (7). The optical
microscopic detection was performed independ-
ently by three expert parasitologist and the con-
ventional and real-time PCR by different molecu-
lar biologists.

DNA extraction

DNA was isolated using a Packard Multi PROBE
Il instrument, with the QI Amp DNA Blood Bio
Rabot 9604b kit (Qiagen), following the manufac-
turer instructions. A stool sample of approximate-
ly 100 mg was washed one time with PBS and the
pellet processed for DNA extraction.

Conventional PCR method

A conventional gel-electrophoresis PCR proce-
dure was adopted according to Peek (16) with
some modifications. All PCR products were also
directly sequenced on both strands by use of a
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DNA analyzer (ABI PRISM 3100; Applied
Biosystems, Foster City, CA).

TagMan real-time PCR

Real-time PCR primers and probe were selected
using Primer Express Software (Applied
Biosystems, Foster City, CA) on the sequence
from Dientamoeba fragilis ssu rRNA gene (acces-
sion number U37461). The forward (5SDMB) and
reverse (3DMB) primer sequences were (5'-
GGCGAAAGCATCTATCAAGTGTATT-3') and
(5'-CGGCATCGTTTAAGGTAGGAAC-3')
respectively. The fluorogenic probe (5-ACC-
CGGGTCTCTGATCCGGTTGG-3') contained a
fluorescent reporter dye (6-carboxyfluorescein,
FAM) at the 5-end and a fluorescent quencher
dye (6-carboxy-tetramethyl-rhodamine, TAMRA)
at the 3'-end.

Real-time PCR reaction was performed in a 25-l
volume comprised of 5u | of DNA solution, 12,5
pl of TagMan master mix (Applied Biosystems,
Foster City, CA.), 0.6 uM of each primer and
probe 0,2 uM. TagMan PCR reaction was carried
out in an ABI PRISM 7900 HT sequence detec-
tion system and DNA was amplified according to
the following program: 1 cycle of 95°C for 10
min, followed by 45 cycles each of 95°C for 15 s
and 60°C for 1 min. In order to asses the absence
of PCR inhibitors, an Human genomic b-globin
DNA amplification TagMan assay was performed
in paralel for each sample with the same amount
of extracted DNA (5 ul) as previously described
(1). A 101 bp PCR fragment obtained by amplifi-
cation of aD. fragilis positive sample with 5DMB
and 3DMB primers was ligated into the pCR2.1
vector (TA-cloning Kit, Invitrogen, Carlsbad, CA)
according to the manufacturer’s instruction and

Table 1. List of bacteria, protozoa and helminths and virus-
es used to test the analytical specificity of the real-time PCR
Microorganisms Human parasites
(miscellaneous)

Salmonella typhimurium
Shigella_flexneri
Campylobacter jejuni

Yersinia enterocolitica
Aeromonas hydrophila
Salmonella enteritidis
Staphylococcus aureus

Bacillus cereus

Vibrio parahaemolyticus
Escherichia coli serotype 0157
Helicobacter pylori

Clostridium difficile

Candida albicans

Adenovirus

Rotavirus

Entamoeba histolyticaldispar
Entamoeba coli
Blastocystis hominis
Giardia lamblia
Trichomonas hominis
Endolimax nana
Chilomastix mesnili
lodamoeba buetschlii
Cryptosporidium sp.
Ascaris lumbricoides
Taenia saginata
Enterobius vermicularis
Strongyloides stercoralis
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sequenced on both strands. Homology searches
were done with the Blast program with default
settings (at http://www.nchi.nim.nih.gov/blast/).
Ten-fold seria dilutions containing 10°-107 copies
of the resulting plasmid, pTADMB were used in
duplicate to generate standard curve for quantifi-
cation of the protozoan load in clinical samples.
To rule out false negative results due to the pres-
ence of amplification inhibitors or poor quality of
DNA extraction, an exogenous DNA was ampli-
fied in paralel for each sample. The procedure
appeared capable to detect the target copiesin the
range 10 to 10°.

Analytical specificity of the real-time PCR was
evaluated on selected clinical specimens obtained
from patients not included in the aforementioned
case or control group, resulted positive for intes-
tinal pathogens or other microrganisms usualy
recovered from the human gastrointestina tract.
Bacteria and yeast DNAs were extracted from
colonies isolated by culture, virad and parasite
agents were analysed from fresh stool specimens
(Table 1). Three samples of vaginal secretions pos-
itive for Trichomonas vaginalis were aso tested.
The effect of storage conditions on real-time PCR
performances was investigated. Six specimens
split in 2 aliquots, the first one preserved in SAF
and the other one maintained at 4°C without fixa-
tive, were analysed by real-time PCR for various
time intervals from 7 to 60 days after collection.

Satistical evaluation

The proportion of the (true) positive resultsin the
case group (sensitivity) and the proportion of the
(true) negative results in the control group (speci-
ficity) was calculated for al diagnostic methods
employed (real-time PCR, conventiona PCR,
direct examination of fixed specimen, Trichromic
stained microscopy, and Giemsa stained
microscopy). Since the real-time PCR is quantita-
tive, a non parametric correlation with the
microscopy (direct examination of fixed speci-
men) was examined by the Receiver-Operating-
Characteristic (ROC) analysis.

In addition, the quantitative data of genomic copy
(positive data) were submitted to a frequency dis-
tribution analysis.

RESULTS

Positive and negative results data and accuracy
indexes (sensitivity and specificity) are reported
in Table 2. Real-time PCR (TagMan) resulted pos-
itive in al members of the case group and nega-
tivein all control subjects, exhibiting afull sensi-
tivity and specificity. On the other hand, a lower
sensitivity performance was obtained by the con-
ventional PCR.
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Table 2. Dientamoeba fragilis: Microscopy and PCR
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Direct smear Trichrome Giemsa stain Conventional real-time

-fixed stools stain PCR PCR
Sensitivity 93%(43/46) 93%(43/46) 52%(24/46) 76%(35/46) 100%(46/46)
Specificity 100%(42/42) 100%(42/42) 100%(42/42) 100%(42/42) 100%(42/42)

Microscopic examination of wet preparation
(direct wet mount) carried out on a single fixed
stool specimen (SAF) was positive for 43 out 46
Dientamoeba fragilis carriers, and negative in all
control subjects, appearing highly sensitive and
fully specific. Trichromic stain microscopy per-
formed equally well as direct examination on
fixed specimen but this method can't be assumed
as the gold standard when performed on samples
preserved in SAF. Giemsa's stain performed on
unpreserved stool processed within 12 hours after
emission revealed a low sensibility and allowed
Dientamoeba fragilis identification only in 24 out
of 46 specimens resulted positive when collected
using liquid fixatives. However, when Giemsa's
stain is performed within 1 hour from the faeces,
its sensibility is similar to that of microscopic
searches performed on feces collected in liquid
fixative (unpublished observations). A reassuring
aspect of all method is the full specificity
observed in al instances. The 11 discordant spec-
imens resulted positive for D. fragilis using real-
time PCR and not confirmed by conventional
PCR were amplified another time using 5DMB
and 3DMB primers and the amplification prod-
ucts were sequenced on both strands, confirming
that they all belonged to the protozoa. A full ana-
Iytical specificity was assessed by Real Time PCR
analysison DNA samples extracted from severa
intestinal pathogens, which resulted negative for
all the specimens (Table 1). The effect of storage
on the PCR was further evaluated with six micro-
scopically D. fragilis-positive stool samples
stored a 4 °C for various time intervals. In all six
unpreserved samples D. fragilis's DNA could be
detected up to 8 week. No specimensfixed in SAF
after 7 days gave any amplification product with
real-time PCR and no specimens stained with
Giemsa resulted positives after 7 days.

The ROC curve is shown in Figure I1. As binary,
reference variable was used the direct microscop-
ic examination, whereas as quantitative variable
under scrutiny was examined the D. fragilis
genomic copy number as detected by real-time
PCR. The area under the curve was very high
(99.7%, 95% C. . 99-100%), close to the ideal
value 100%. Thisindicates that the real-time PCR
correctly predicts the outcome of microscopy. A
threshold could be located in the range 1-79 DNA
copies/reaction tube (each reaction tube contained
1/20 of each 100 mg faecal sample). Therefore,

even the positive finding of a minimal genomic
copy level (close to one) yielded by red-time
PCR would appear strongly predictive for a posi-
tive microscopic test.

As far the frequency distribution of the quantita-
tive data was concerned, a positive skewness was
apparent, as confirmed by the difference between
median (620 genomic copies) and mean (37.181
genomic copies). The distribution reshapes
toward normality if the protozoan load is log-
transformed. Thisis shown in Figure I11.

DISCUSSION

The high sensitivity of the microscopy can be
credited to the skill of the highly trained parasitol-
ogist who performed analysis, as noted by others
aswell (22). It has been reported that from unse-
lected patients, examining microscopically amin-
imum of three stool specimensfor the search of D.
fragilis, the sensitivity of examination should be
at least 93.3% (11). The negative result obtained
by the microscopic analysis of two persistent D.
fragilis carriers can be explained with the inter-
mittent course of the fecal elimination of this pro-
tozoa, and by the low parasite charge. Day-to-day
shedding, sometime, is highly variable for tropho-
zoites, which imposes the need for multiple sam-
pling to detect D. fragilis by optical microscopic
examination. The quantitative search of D. frag-
ilis by rea-time PCR confirmed a low genomic
copy content in the samples obtained by these two
patients.

When present, characteristic morphologic mark-
ers should be recognized such as the appendages
that we named “ golf-club” (Figurel), which usu-
ally are not seen in faecal samples not collected
in fixative liquid ( SAF) after some hours of
emission, (6). The Trichromic stain is time con-
suming (8) and uses toxic substances that have to
be adequately disposed of. Examination of sam-
ples after Giemsa stain had poor sensitivity
because unpreserved stool samples normally are
delivered to the laboratory several hours after
emission, enough time for the D. fragilis's
trophozoites to be undergoing an “autolysing”
process especidly if the stool is formed. In soft
stool samples however, it is possible to recover
them even after along time (6).

The sensibility of real-time PCR was proven
superior to the traditional parasite identification
with microscopical approach and afully specifici-
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ty was demonstrated with analysis performed on
stool samples from 42 “healthy volunteers’ and
on the main human intestinal pathogens. No aspe-
cific amplifications were observed also with
Trichomonas vaginalis which share a common
evolutionary linkage with Dientamoeba fragilis.
Primers and probe for TagMan PCR were
designed with high care, in order to find out the
primers and probe which better amplify D. fragilis
DNA and which also share the highest number of
mismatch in the sequences of human parasites and
intestinal pathogens.

Molecular biology techniques offer the potential
of ahighly sensitive and specific alternativeto tra-
ditional diagnostic approaches such as
microscopy or culture techniques (13, 16, 20, 21,
22). Nucleic acids analysis furthermore helps to
overcome the main limitation of the optical
microscopy approach, the lysis of D. fragilis's
trophozoites, a process which starts afew minutes
after passage.

We are proposing this new molecular technique,
rapid and economically advantageous for whoev-
er hasthe possibility to carry-out molecular test in
real-time PCR.

The new test, other than being more efficient than
the traditional diagnostic approaches, can be con-
sidered avalid aternative to the permanent stain,
which is, at the moment, the reference test for
Dientamoeba fragilis identification.

Real-time PCR was able to detect D. fragilis's
nucleic acid 60 days after emission of faecal sam-
ple even in the absence of trophozoites detectable
with microscopy. D. fragilis DNA was also suc-

Figure 1. Two trophozoites of Dientamoeba fragilis
observed at 1.000x by direct wet mount of fixed unstained
stool. One top left presents a typical round shaped.

The other below right shows a cytoplasmic extension
towards the top that we named “golf club”
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Figure I1. ROC curve analysis.As binary, reference variable
was used the direct microscopic examination, whereas as
quantitative variable under scrutiny was examined the
Dientamoeba fragilis genomic copy number as detected by
real-time PCR.
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Figure Ill. Frequency distribution of the protozoan load of
the stools, positive data. Data (Dientamoeba fragilis genom-
ic copy counts) have been transformed into their decimal
logarithms. For comparison, a normal distribution curve is
shown as well. A near to log-normal pattern is apparent for
the data yielded by real-time PCR.

cessfully amplified even from stools frozen at —
70°C for more than a year. Those results suggest
that fresh fecal sample cold be suitable for multi-
ple target analysis performed in different days on
the same sample and that it may also become a
suitable instrument for genotyping and retrospec-
tive epidemiological analysis in parasitology, by
the fact that a very large amount of DNA cold be
easily recovered even after several months.

Real time PCR for D. fragilis can be performed
within afew hours, it demonstrated an high sensi-
tivity which may suggest that just one unpre-
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served stool sample could be sufficiently sensitive
to find out the parasite and it can also be used to
further investigate the epidemiology of D. fragilis
and hence to enlighten long time darkness around
this protozoa (4, 13, 24).
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