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This case of imported refractory schistosomiasis has highlighted the usefulness of cell-free parasite DNA as a diagnostic marker
to assess active schistosome infection. In contrast to the rapid disappearance of ova in urine, parasite DNA remained persistent
in several other specimen types even after the fourth treatment with praziquantel. This result was consistent with the presence of
morphologically intact ova in bladder biopsy samples and with the corresponding symptoms.

CASE REPORT

In January 2009, a previously healthy Japanese man, 21 years of
age, sought medical attention after an approximately

2-month history of hematuria, discomfort during urination,
and hematospermia. He had returned from a 5-month trip
(May to October 2008) around various African countries. Dur-
ing the trip, he bathed in Jinja (Uganda), Lake Malawi (Ma-
lawi), and the Niger River and specifically developed itchy skin
after swimming in the Dogon region of Mali. Urinalysis re-
vealed the presence of Schistosoma haematobium ova. The pa-
tient was treated with praziquantel (PZQ; 40 mg/kg of body
weight twice a day [b.i.d.] orally [p.o.] for two consecutive
days). After the first PZQ treatment, the patient had a fever of
38°C, a relatively high white blood cell (WBC) count (10,000/
mm3), and eosinophilia (30%).

For detection of ova, sediment from 10 ml of urine and 250
�l of semen was examined by microscope. Parasite ova were
detected in urine on day 1 of the first PZQ treatment course,
and detection results were negative after that. On the other
hand, ova in semen were detected until 101 days after the first
PZQ treatment.

Cell-free schistosome DNA in bodily fluids was detected by
conventional PCR and/or sequence capture-PCR. The genetic ex-
amination for parasite DNA in the patient’s specimen was ap-
proved by the Bioethics Committee of Dokkyo Medical University
(approval no. 1969), and the patient’s consent was obtained. Prior
to DNA extraction, 3.5 ml of urine was concentrated to 140 �l
using an Amicon Ultra-15 centrifugal filter system with an Ultra-
cel-100K membrane (Millipore Ireland Ltd., Cork, Ireland). DNA
was extracted from concentrated urine, serum, and supernatant of
semen (140 �l each) using a QIAamp viral RNA minikit (Qiagen
Sciences), and DNA from the sediment of 500 �l of semen was
extracted using a NucleoSpin tissue system (Macherey-Nagel
GmbH & Co. KG, Düren, Germany) according to the manufac-
turers’ instructions. Approximately 2 ml of the saliva sample was
collected using an Oragene·DNA self-collection kit (DNA
Genotek Inc., Canada); DNA was extracted according to the man-
ufacturer’s instructions. The primer pair CF (5=-GATCGTA-

AATTTGGA/TACTGC) and CR (5=-CCAACCATAAACATATG
ATG) was designed to amplify a part of the schistosome
mitochondrial cytochrome c oxidase subunit 1 (CO1) gene, which
is common to at least 4 human schistosome species (S. mansoni
[253 bp] and S. haematobium, S. japonicum, and S. mekongi [254
bp]). The primer pair ShF (5=-AGTCGTGTCGATTTTAAGAC)
and CR was designed to amplify S. haematobium CO1 (365
bp), and the primer pair SmF (5=-TCCTTTATCAATTTGAG
AGG) and CR was designed to amplify S. mansoni CO1 (479 bp)
(1). Sequence capture-PCR is the combination of purifying and
concentrating methods for target nucleic acid in clinical sam-
ples and PCR. As described in the literature (2–5), crude DNA
samples were purified and concentrated using both 5=-biotin-
ylated CF and CR and magnetic beads with streptavidin, and
then PCR was performed. We were able to amplify S. haemato-
bium DNA in the patient’s bodily fluids; however, S. mansoni
DNA was not amplified. Parasite DNA in bodily fluids was
detected even 1 month after the fourth PZQ treatment (303
days after the first treatment).

Using cystoscopy, we identified massive polypoid lesions in
the urinary bladder wall, which gradually decreased in number
with repeated PZQ treatments (Fig. 1A). However, histopatho-
logical findings from examinations of bladder biopsy sites of
polypoid lesions with petechiae revealed parasite ova with in-
tact cells even 2 months after the third treatment (255 days
after the first treatment) (Fig. 1B). Finally, 184 days after the
fourth PZQ treatment (457 days after the first treatment), most
of the lesions diminished to trace levels and the subjective
symptoms were resolved; thereafter, the patient was routinely
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examined in follow-up checks. The therapeutic process and
examination results are summarized in Table 1.

The current diagnostic methods of schistosomiases rely on
an ovum-related phenomenon: detection of ovum- and para-
site-specific antibodies and ovum-induced pathology. Al-
though detection of ova is still the gold standard for diagnosing
schistosomiasis, it is difficult to detect long-standing/chronic

infection and low-level infection in patients after repeated
treatments; moreover, detection of ova is ineffective in the
early stage of infection (prepatent period). The cell-free circu-
lating schistosome DNA consists of the fragments of parasite-
derived DNA that exist in the host’s bodily fluids. It was de-
tected in plasma/serum and urine of schistosomiasis patients
(6, 7, 8, 9). In our study, the primer pairs (CF and CR, ShF and
CR, and SmF and CR) had been originally designed to amplify
the mitochondrial CO1 gene, which enabled us to differentiate

FIG 1 Cystoscopic images of the urinary bladder wall (A) and microscopic images of the biopsy sites of the polypoid lesion (B) after praziquantel
treatments. (A) Massive polypoid lesions with petechiae (arrows) gradually decreased in number with PZQ treatments. (B) One of the representative
pathological specimens of a biopsy site at 2 months after the third PZQ treatment. Note the Schistosoma haematobium ovum with a typical posterior spine
(arrow) (Alucian blue stain, pH 2.5).

TABLE 1 The therapeutic process and examination resultsa

Days post-PZQ treatmentb Detection of ova
Detection of
occult blood
(urine)

Detection of DNA (PCR/sc-PCR) Corresponding
cystoscopy
panel in
Fig. 1ATreatment 1 Treatment 2 Treatment 3 Treatment 4 Urine Semen

Bladder biopsy
specimen Serum Urine Semen Saliva

1 (�) ND ND (�) ND (�)/ND ND (�)/ND 1
8 (�) (�) ND (�) ND ND ND ND
60 (�) ND ND (�) (�)/(�) (�)/(�) ND (�)/(�)
101 (�) (�)c ND (�) (�)/(�) (�)/(�) (�)/(�) (�)/(�)

102 1
158 56 (�) (�) ND (�) (�)/(�) (�)/(�) (�)/(�) (�)/(�)
203 100 (�) (�) ND (�) (�)/(�) (�)/(�) (�)/(�) ND 2

203 100 1
233 131 30 (�) (�) ND (�) (�)/(�) (�)/(�) (�)/(�) (�)/(�)
255 153 52 ND ND (�) ND ND ND ND ND 3

273 171 70 1
303 201 100 30 (�) (�) ND (�) (�)/(�) (�)/(�) (�)/(�) (�)/(�)
312 210 109 39 (�) ND ND ND ND ND ND ND 4
457 355 254 184 (�) ND ND ND ND ND ND ND 5

a (�), not detected; (�); detected; PZQ, praziquantel; sc-PCR, sequence capture-PCR; ND, not done.
b PZQ treatment 1 consisted of 40 mg/kg of body weight/day for 2 days; PZQ treatment 2 consisted of 40 mg/kg/day for 2 days; PZQ treatment 3 consisted of 40 mg/kg/day for 2
days; PZQ treatment 4 consisted of 60 mg/kg/day for 2 days.
c Results for ova in semen at day 101 were first negative, however, later, when reexamined retrospectively, the results were positive.
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four species of human schistosomes (1). It was confirmed that
the patient was infected with S. haematobium and was not in-
fected with S. mansoni.

Because schistosomiasis (japonica) has been eliminated from
Japan, it is unlikely that the patient will get reinfected now that he
has returned home. Parasite ova in urine, a common testing ma-
terial for schistosomiasis hematobia, were detected for only 1 week
after the first PZQ treatment. On the other hand, ovum was de-
tected in semen even 101 days after the first PZQ treatment and
indicates the significance of semen as a testing material for schis-
tosomiasis hematobia. We had expected the cell-free parasite
DNA to disappear soon after PZQ treatment along with the ova.
However, it was detected in the bodily fluids even after 1 month
after the fourth PZQ treatment (303 days after the first treatment).
The idea of the reliability of persistent parasite DNA was sup-
ported by the presence of morphologically intact parasite ova in
the bladder biopsy sample, pathology, symptoms, and other signs;
the patient reported subjective symptoms of discomfort with uri-
nation even 2 months after the third PZQ treatment (255 days
after the first treatment) and sometimes noticed hematuria during
therapy.

It has been reported that schistosome DNA was detected in
serum for as long as 10 to 19.3 weeks after a single PZQ treatment
(8, 10). One possible explanation for the lingering worm DNA
detection may have been unsatisfactory treatment. Immature ova/
worms are refractory to PZQ treatment (11–14). Multiple treat-
ments with PZQ are needed with intervals between the treatments
to allow maturation of immature worms/ova (2 to 4 weeks) (13–
15). In the present case, the persistent parasite DNA was detected
even after repeated PZQ treatments and it indicates that this was a
refractory case.

To date, there have been no reports on PZQ resistance in
areas of schistosomiasis hematobia endemicity (15–17). On the
other hand, several cases refractory to repeated PZQ adminis-
tration have been reported in countries where the disease is
nonendemic, i.e., imported cases (18–20). It is speculated that
schistosomiasis patients, who are rare in countries where the
disease is nonendemic, tend to be followed up by detailed ex-
aminations, such as cystoscopy and bladder biopsy sampling,
in addition to detection of ova, thus enabling identification of
refractory cases. By the conventional gold standard, the exam-
ination of ova in urine, the present case would have been con-
sidered cured soon after the first PZQ treatment. Chronic in-
fection with S. haematobium is carcinogenic to humans (21,
22). In the present study, we have demonstrated the limitations
of detection of ova as a method of therapeutic evaluation. Cell-
free schistosome DNA may be a potential tool to monitor active
worms/ova to reduce the risk of cancer triggered by prolonged
S. haematobium infection because of inaccurate diagnosis.
Therefore, further studies of novel diagnostic techniques such
as cell-free schistosome DNA detection to determine/assess ac-
tive infection are required.
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