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Abstract: For more effective diagnosis of the acute and chronic stages of Schistosoma mansoni infection in
humans, the polymerase chain reaction (PCR) technique was compared with the Kato-Katz method. A total of 150
stool samples were collected from inpatient and outpatient clinics at the Department of Tropical Medicine, Minia
University Hospital, Egypt. Three groups of patients, 50 with acute intestinal schistosomiasis, 70 with chronic
intestinal schistosomiasis and 30 normal healthy controls were studied. Stool samples were analyzed by PCR and
the Kato-Katz method. The mean number of eggs per gram of feces was 4.6 when estimated by the Kato-Katz
method in positive stool samples from acute schistosomiasis cases but only 1.7 in chronic cases. In acute intestinal
schistosomiasis, 15 and 45 out of 50 cases were positive by Kato-Katz and PCR, respectively. In the chronic
intestinal schistosomiasis cases, 6 and 68 out of 70 cases were positive by the Kato-Katz and PCR methods,
respectively. We conclude that PCR appears to be an effective diagnostic technique for S. mansoni infection,
especially where a low worm burden exists, such as in chronic cases.
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INTRODUCTION

The worldwide burden of schistosomiasis has been
expressed as the number of infected individuals (200–209
million) and the number of inhabitants at risk of infection
residing in schistosomiasis-endemic countries (600–779
million) [1–4]. The Global Burden of Disease Study cur-
rently attributes 14,000 deaths to schistosomiasis every
year [5]. Annually, the overall number of disability-
adjusted life-years lost due to schistosomiasis is around
1.532 million, 77% of which are in sub-Saharan Africa [5].

The infection intensity of schistosomiasis and the
morbidities associated with it have diminished in the wake
of chemotherapy- and community-based control programs
[6, 7]. Parasite transmission occurs in areas of high ende-
micity, while reinfection and ongoing morbidities such as
anemia and malnutrition are not uncommon. This empha-
sizes the need for more efficient methods of diagnosis, as
the methods in current use are less sensitive at estimating

the prevalence of infection and parasite burden [8, 9].
Finding eggs in the stool of an infected patient is the

final diagnosis for Schistosoma mansoni infection [10]. As
the Kato-Katz method [11] is relatively inexpensive and
simple, it is currently the technique of choice for definitive
diagnosis of S. mansoni. However, this parasitological
method is not sensitive enough for use in areas of low
transmission with low infection intensities. Moreover, par-
asitological techniques are inadequate for both the diagno-
sis of recent infections when the worms have not yet
produced eggs [10] and for the late stage of the disease
when limited egg numbers are passed in stools. With the
development of molecular biological techniques, this prob-
lem can be overcome by identifying parasite antigens cir-
culating in an infected person [12].

Among the molecular biological techniques that tar-
get nucleic acids, polymerase chain reaction (PCR) has
emerged as one of the most common diagnostic tools in
human medicine [13]. In terms of advancing parasite de-
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tection and disease diagnosis, PCR has played a substantial
role [14]. Hamburger et al. developed a PCR procedure for
amplification of a highly repetitive DNA sequence in the
parasite when examining S. mansoni infestation in water
[15, 16]. Pontes et al. detected S. mansoni DNA in human
serum and feces for the first time by PCR using the same
primers described by Hamburger et al. [10].

Here, we assessed the effectiveness of PCR as a tech-
nique for the diagnosis of S. mansoni infection, especially
in the chronic stage of infection, and compared it to the
Kato-Katz method [11]. The sensitivity and specificity of
each method were investigated.

METHODS

Patients
In total, 150 fecal samples were collected from inpa-

tient and outpatient clinics at the Department of Tropical
Medicine, Minia University Hospital, Egypt, after the pa-
tients verbally agreed to enrolment in this study. The study
was reported to the Research Ethics Committee of the
Faculty of Medicine, Minia University. In terms of its con-
stitution, this committee operates according to the Interna-
tional Conference on Harmonization of Good Clinical
Practice guidelines. Group 1 comprised 50 patients (mean
± SD = 13.60 ± 2.15 years of age, all males) diagnosed
clinically as having acute intestinal schistosomiasis based
on complaints of diarrhea (generally associated with ab-
dominal pain), tenesmus, and the passage of bloody stools
(bilharzial dysentery) 1–2 months after swimming and fol-
lowing exclusion of diagnoses different from schistoso-
miasis. Diarrhea, dysentery, and blood in stool were scored
as follows: 0, no; 1, mild; 2, moderate; 3, severe; the mean
scores for these symptoms were 1.78 ± 0.86, 1.80 ± 0.90,
and 1.60 ± 0.93, respectively. Physical condition was scor-
ed as follows: 1, healthy; 2, good condition; 3, pale; 4,
weak and pale and the mean score was 1.90 ± 0.89. Histo-
ry of swimming in a canal over a period of one week was
scored as follows: 0, no; 1, once; 2, twice; 3, three times or
more, and the mean score was 1.62 ± 0.70. The duration of
the complaints was also recorded and the mean value was
16.24 ± 10.11 days.

Group 2 comprised 70 patients (55.19 ± 7.69 years of
age, 53 males and 17 females) who were diagnosed clini-
cally as having chronic intestinal schistosomiasis (past his-
tory of bilharziasis with or without anti-bilharzial
treatment) based on positive anti-S. mansoni antibodies
and presence of clinical symptoms typical of this disease
(i.e., hepatomegaly, splenomegaly, esophageal varices, and
ascites). Hepatomegaly was scored as follows: 0, normal
or no extension below the costal margin; 1, mild (extended

liver, as measured in centimeters or finger breadth of 2 or 5
cm); 2, moderate (extended liver; score between 1 and 3);
3, huge hepatomegaly reaching to the right iliac fossa.
Splenomegaly was scored as follows: 0, none; 1, spleen is
palpable under the costal margin; 2, spleen is palpable be-
tween the costal margin and umbilicus and 3; spleen is pal-
pable below the umbilicus. Esophageal varices were
scored as follows: 0, none; 1, dilated veins (< 5 mm) still
at the level of the surrounding tissue; 2, dilated, straight
veins (> 5 mm) protruding into the esophageal lumen but
not obstructing it; 3, large, tense and winding veins already
obstructing the esophageal lumen considerably; 4, near
complete obstruction of the esophageal lumen with im-
pending danger of hemorrhage (cherry-red spots). Ascites
was scored as follows [17]: 0, none; 1, mild, only visible
on ultrasound and CT; 2, detectable with flank bulging and
shifting dullness; 3, directly visible, confirmed with the
fluid wave/thrill test. The mean physical condition score,
determined the same way as in the first group, was 3.61 ±
0.49. The mean duration of complaints was 86.24 ± 42.45
days. The average scores for hepatomegaly, splenomegaly,
esophageal varices, and ascites were as follows: 0.21 ±
0.59, 1.26 ± 0.53, 0.19 ± 0.55 and 0.24 ± 0.67, respective-
ly.

Group 3 consisted of 30 normal healthy controls
(10~20 years of age, all males) who were selected from the
same schistosomiasis endemic area. Past and present his-
tories, clinical examinations, and ultrasonography con-
firmed them to be healthy.

Methods
A clean, plastic container was given to each individu-

al and one fecal sample per subject was collected. Fecal
specimens were kept on ice and transported to the Parasi-
tology Laboratory, College of Medicine, Minia University.
After Kato-Katz stool examinations [11], the remaining
samples were stored at −70°C until further use. Stool sam-
ples were collected on 3 successive days for all groups and
were examined by PCR (one test per sample, see below).
The results represent the mean ± SD. Differences between
the acute and chronic cases were analyzed by Student’s t-
test for the mean number of eggs per gram (EPG) and by
Fisher’s exact probability test for the statistical signifi-
cance of the PCR assay. P < 0.05 was regarded as signifi-
cant.

Stool samples were assessed for the presence of S.
mansoni eggs by the Kato-Katz method according to Katz
et al. [11]. Three glass slides (43 mg of feces per slide)
were arranged for assessing each sample, and the average
number of EPG of stool was calculated.

Preparation of stool samples prior to extraction of
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DNA involved mixing ~ 0.5 g of stool with 1.0 mL of dis-
tilled water in a 1.5-mL microcentrifuge tube with vig-
orous agitation, followed by centrifugation at 500 × g for 2
min. After supernatant removal, the pellet was washed
again as before, except that the sample was also gently agi-
tated for 10 min to rupture any S. mansoni eggs present be-
fore centrifugation [18]. To isolate parasite DNA, the
pellet was subjected to the following modification of the
rapid one-step extraction method [19]. Briefly, 0.7 mL of
ROSE buffer (10 mM Tris, pH 8.0, 300 mM EDTA, pH
8.0, 1% sodium lauryl sulfate, 1% polyvinylpolypyrroli-
done) was added to the washed fecal pellet and the tube
was heated to 95°C for 20 min. After the first 10 min of
heating, the sample was agitated forcefully, centrifuged at
14,000 × g for 10 min at room temperature, and the super-
natant moved to a clean microcentrifuge tube. In a separate
tube, 500 μL of this supernatant was mixed with 50 μL of
cold (4°C) 3 M sodium acetate, pH 5.3, and 1 mL of cold
(−20°C) ethanol. The mixture was centrifuged immediate-
ly at 14,000 × g for 15 min. After discarding the superna-
tant, the pellet was washed with 500 μL of 70% ethanol
(−20°C) once, followed by centrifugation at 14,000 × g for
10 min. After discarding the supernatant, the pellet was
dried at 37°C for 15 min. Cold (4°C) buffer (100 μL; 10
mM Tris-HCl, pH 8.0, 1 mM EDTA, pH 8.0) was used to
re-suspend the pellet.

For the PCR assay, the primers were designed to am-
plify the 121-basepair tandem repeat sequence of S. man-
soni [16]. DNA extracted from the fecal samples was
diluted 1:100, and 1 μL was used as the template in a 10-
μL final volume containing 20 mM Tris-HCl, pH 8.4, 50
mM KCl, 1.5 mM MgCl2, 0.5 μM of each primer, 200 μM
of the four dNTPs, and 0.75 units of Taq DNA polymerase
(Promega Corp., Egypt). In total, 35 amplification cycles
were used, following the method of Pontes et al. [10]. Pos-
itive (S. mansoni egg DNA) and negative controls were
included in the assay. The PCR products were
electrophoresed on 2% agarose gels and stained with
ethidium bromide.

RESULTS

The mean EPG value calculated by the Kato-Katz
method [11] in S. mansoni-positive stool samples for the
acute and chronic cases was 4.60 ± 1.39 and 1.70 ± 0.42,
respectively (Fig. 1A). The mean EPG value was signifi-
cantly (P < 0.01) lower in the chronic cases than in the
acute cases. The number of positive cases observed using
the Kato-Katz method was 15 of 50 cases (30%) in the
acute intestinal schistosomiasis group and 6 of 70 cases
(8.6%) in the chronic schistosomiasis group (Table 1).
Group 3 had no Schistosoma eggs or eggs related to other
parasitic infections.

PCR-amplified 121-bp bands were observed in the
parasite-positive samples, but the parasite-negative sam-
ples showed no bands (Fig. 1B). The number of positive
cases observed using the PCR technique was higher than
that detected by the Kato-Katz stool examination method,
with 45 of 50 cases (90%) detected in the acute intestinal

Fig. 1. (A) Mean number of eggs per gram calculated by the
Kato-Katz method. *, P < 0.01. (B) Polymerase chain
reaction results. Lanes 1–7, 9, and 11: positive
samples; lanes 8 and 10: negative samples.

Table 1. Disease status and examination method
Disease status Examination method No. of positive samples (%) No. of negative samples (%) Total No.

acute Kato-Katz method 15 (30) 35 (70) 50
PCR 45 (90)  5 (10) 50

chronic Kato-Katz method  6 (8.6) 64 (91.4) 70
PCR 68 (97.1)  2 (2.9) 70
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schistosomiasis group and 68 of 70 cases (97.1%) in the
chronic intestinal schistosomiasis group (Table 1). There
was no significant difference in PCR sensitivity between
the acute and chronic cases. The group 3 samples produced
no PCR amplicons.

DISCUSSION

The development of single-dose oral drugs such as
oxamniquine and praziquantel has helped to reduce
schistosomiasis-related morbidity in easily diagnosable
heavily infected patients using simple parasitological
methods [20]. However, because the proportion of low-
intensity infections has increased, more sensitive diagnos-
tic methods are necessary [20]. PCR, an extremely
sensitive and specific technique, is used widely to diagnose
many infectious diseases including S. mansoni infections
in humans [10]. The high sensitivity of the S. mansoni
PCR assay is attributable to the 121-bp tandem repeats in
its DNA sequence, which comprise at least 12% of its ge-
nome [15].

Our data shows that in the acute intestinal schistoso-
miasis group, the percentage of positive cases detected by
the Kato-Katz method was 30%, while the percentage de-
tected by PCR was 90%. In the chronic intestinal schisto-
somiasis group, the percentage of positive cases detected
by the Kato-Katz method was 8.6%, while that of PCR
was 97.1%. Thus, PCR is more sensitive at detecting both
acute and chronic diseases than the Kato-Katz method. The
PCR method diagnosed schistosomiasis more accurately in
chronic disease cases where the Kato-Katz method failed
to detect parasite eggs.

The Kato-Katz method is currently the recommended
and most widely used technique for diagnosing S. mansoni
infections. Its advantages are as follows: high specificity,
simplicity of use, cost effectiveness, requirement of per-
sonnel with basic training only, and the ability to perform
the test immediately in the field [11]. However, compared
to PCR, this method is not sensitive enough to use in con-
ditions of low parasite prevalence and low intensity of in-
fection [10]. Although highly sensitive [10, 15, 16, 21, 22],
PCR is very expensive, requires a laboratory set-up and
trained personnel. Therefore, PCR cannot be expected to
completely replace Kato-Katz methods at this stage.

Using PCR, detection of 1.3 fg of S. mansoni genom-
ic DNA, which is equivalent to less than the DNA found in
a single cell of this multicellular parasite, was reported [20,
21]. Recently, the PCR sensitivity increased to 10 ag of
DNA, which is equal in amount to less than one one-
thousandth of the DNA quantity contained in a parasite
egg or cell, using conventional PCR [22]. A sensitive

PCR-enzyme-linked immunosorbent assay combination
system for definitive diagnosis of schistosomiasis in feces
has also been developed and evaluated [20]. Evaluation of
the diagnostic sensitivity of this system showed that its
ability to detect DNA in samples was consistent with the
egg count in such samples, and the result obtained (0.1534
EPG) corresponded to a tiny part of a parasite egg [20].

The gold standard for Kato-Katz diagnosis is general-
ly accepted to involve the analysis of three stools, with
three slides per stool examined. Here, one fecal sample per
subject was collected and analyzed by this method because
the stool samples were collected on three successive days;
this amounts to three fecal samples per subject, thus corre-
sponding to the Kato-Katz method gold standard.

Taken together, our findings indicate that PCR is a far
more sensitive diagnostic technique (especially for cases
with low worm burdens such as chronic infection cases)
for the detection of S. mansoni infection than the Kato-
Katz method, although the latter offers advantages over
molecular and serological methods in terms of cost and
ease of use.
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