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Abstract: The rising migration and travel from and towards endemic areas has brought renewed
concerns about many parasitic infections, including neglected tropical diseases, such as schistoso-
miasis. Although serology is the most widely used method for the screening of schistosomiasis
in non-endemic countries, this technique lacks sensitivity, especially to distinguish between past
and ongoing infections. More recently, a molecular test based on the detection of Schistosoma
cell-free DNA in the serum has been proposed as a diagnostic procedure for parasitosis. To test
the performance of a blood PCR assay, this work investigated 102 serum samples collected from
migrants coming from endemic areas by using primers specific to genomic regions of S. mansoni and
S. haematobium patients. The results were then compared with the detection of specific IgG Abs with
serological tests. Molecular analysis detected Schistosoma DNA in 32 patients. Among them, we
characterized nine S. haematobium, 20 S. mansoni, and three coinfections. Compared with molecular
assay, serological analysis detected specific antibodies against Schistosoma antigens in 52 out of
102 patients. Concordance between the two tests was found in 76 out of 102 patients (74.51%): in
particular, both diagnostic tests were positive in 29 patients (28.43%) and negative in 47 (46.08%). The
specificity of the molecular test was 94%. Overall, our data suggest that serological diagnosis could
be combined with the molecular approach, providing the clinician with the serotyping of the parasite
and useful information about the infection as well as the required further diagnostic procedures.
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1. Introduction

Schistosomiasis is a neglected tropical disease (NTD) that occurs due to a parasitic
worm of the genus Schistosoma, affecting over 250 million people worldwide. Humans can
be infected by at least six different species of Schistosoma. S. mansoni and S. haematobium
are responsible for most of the cases in the sub-Saharan African population [1]. Infection
occurs through contact with cercariae-infested water when cercariae penetrate the skin,
undergo maturation, and migrate in the mesenteric veins in the case of S. mansoni or in
vesical plexus in the case of S. haematobium. Worms may persist for decades within the
human host, producing eggs that exit the body with stool and urine or could be trapped
in the liver or the urogenital district, leading to the formation of granuloma, fibrosis, and
functional dysfunction. Infection with S. haematobium can cause bladder cancer at the site
of egg implantation. As a result of migration flows to Europe and international travel,
NTDs are increasingly common in Italy, often representing a diagnostic challenge both
because the disease in its chronic phase may be asymptomatic or pauci-symptomatic and
because a gold standard for the diagnosis of chronic schistosomiasis is missing [2]. The
Kato-Katz method, based on the direct detection of the parasite eggs by microscopy in
stool and urine, to determine the presence of S. mansoni and S. haematobium, respectively,
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remains the reference diagnostic procedure in endemic areas [3]. In non-endemic areas
and in patients with chronic disease, the intermittent or limited release of eggs by the host
reduces the sensitivity of the tests [3]. For this reason, in non-endemic areas, where patients
have low egg release, single or combined serological tests are often used to detect IgG
against egg antigens or to detect schistosome antigens for the immunological diagnosis.
Accordingly, the Italian guidelines recommend serological testing for schistosomiasis
in migrants who have lived in or traveled through endemic areas [4]. The finding of
positive serology for Schistosoma spp. should be considered as an ongoing infection and, as
such, deserving of treatment [5]. Unfortunately, serological tests have several limitations
because they are unable to discriminate between active and past or cured parasitosis,
and importantly, antibody detection may be affected by immunosuppression conditions.
Among immunological tests, the detection of the Schistosoma-specific cathodic antigen in
urine, stool, or serum has also been documented, with contradictory results depending on
the species of Schistosoma involved [6,7]. More recently, molecular diagnostic methods
have been developed with promising results in terms of sensitivity and specificity.

These approaches are based on the detection of specific genes amplified after DNA
extraction from eggs released with the stool, urine, or biopsies or the extraction of circulating
cell-free DNA (cf-DNA) of the parasite from serum or plasma [8-15].

The detection of circulating cell-free DNA in human plasma and in the serum of
patients has long been used for the non-invasive diagnosis of a variety of pathologies. How-
ever, the presence of cell-free DNA in the blood may be a consequence of apoptosis as a
result of the physiological and pathological turnover of tissue. Particularly in schistosomias,
a high turnover of parasites depends on their ability to quickly replicate in the host. Several
groups have reasoned about the possibility of finding cell-free parasite DNA (cf-DNA)
circulating in plasma and serum [16,17] and that this could be used to diagnose schisto-
somiasis. As an extension of this rationale, different groups have developed strategies
to identify ¢f-DNA of Schistosoma in serum samples. Several studies on animal models
using host serum to detect Schistosoma ¢f-DNA demonstrated that a positive diagnosis
can also be made in the early stages of infection. Subsequently, different retrospective
studies evaluated the accuracy of a specific Schistosoma PCR assay for the diagnosis of
schistosomiasis [8-15].

Compared to DNA extraction from stool or urine, real-time PCR for parasite circulating
cf-DNA detection benefits both DNA equally distributed in the plasma and the test, which
is not limited by day-by-day differences in egg depositions [18]. Additionally, an important
advantage of the molecular approach using cf-DNA is the possibility of identifying the
Schistosoma species in a single diagnostic test [19,20]. The aim of this work was to set
up a protocol for the speciation of S. mansoni and S. haematobium based on the detection
of circulating cf-DNA in African migrants admitted to the National Institute for Health
Migration and Poverty (INMP) outpatient clinic in Rome and previously screened for
the presence of Schistosoma. The present study was designed to investigate whether the
detection of circulating parasitic DNA by real-time PCR performed on a limited amount of
serum (1 mL) could be a feasible diagnostic procedure for the identification of Schistosoma
species based on specific sequences of S. mansoni and S. haematobium in patients chronically
affected from schistosomiasis and residing in a low-endemic area. Secondly, we were
interested in determining the specificity of our molecular test as compared to the results
obtained with the detection of Schistosoma.

2. Materials and Methods

Between October 2020 and December 2021, a 1-year cross-sectional study was carried
out in our institute to assess the diagnostic performance of a real-time PCR used to identify
different species of Schistosoma in patients with or without clinical symptoms. A written
informed consent form was signed by all subjects included in the study prior to participation
and for the donation of biological samples.
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A total of 102 patients were randomly selected to have their serum samples examined.
Serum was obtained from blood sample of each patient and was split in two parts in the
lab: the first part was sent to the Department of Infectious Disease and Microbiology of
the IRCCS Sacro Cuore-Don Calabria di Negrar (Verona), which provided Schistosoma
diagnosis, while 1 mL serum was used to extract free-circulating DNA using QIAmp Circu-
lating Nucleic Acid kit (Qiagen, Hilden, Germany). Schistosomiasis was diagnosed using
serology Western blot (WB IgG) containing a pool of antigen of worms of both species
(SCHISTO T WB IgG, LDBIO, Lyon, France), and a rapid diagnostic test (RDT): Schistosoma
ICT IgG-IgM (SCHISTOSOMA ICT IgG-IgM, LDBIO, France). Because of the lack of a gold
standard, the guidelines indicate that a patient can be considered infected only if positive
for at least two serologic techniques; so, in our study, a subject was classified as infected if
both serological tests were positive. Primers and probes used for genotyping were designed
using best practices [21]. Specific genomic regions were chosen as targets for the analysis,
one for S. mansoni (GenBank: M61098.1) and one for S. haematobium (GenBank: DQ157698.1).
In addition, analysis was performed on BLAST® blastn suite to verify whether the genomic
regions of Schistosoma chosen for genotyping were not evolutionarily shared with other
organisms. Specific primers were used for S. mansoni (fw CCGACCAACCGTTCTATGA, rv
CACGCTCTCGCAAATAATCTAAA [22]), for S. haematobium (fw GATCTCACCTATCA-
GACGAAACAA rv TTTCACAACGATACGACCAACCA), as well as human hemoglobin
B gene (NCBI Reference Sequence: NC_000011.10), and the primers HBB FW AGTGAGCT-
GCACTGTGACAA were used. HBB RV CATCAAGCGTCCCATAGACTCA was used to
evaluate the quality of the extracted cf-DNA and as internal control (IC). For this purpose,
primers were processed using the primer blast program Primer-BLAST (NCBI). Purified
plasmids (GenScript®_DNA construct in pUC57) were used to obtain synthetic genes corre-
sponding to the genomic regions of interest, set the standard curve, and define the limit of
detection (LoD) of our method. The analysis of samples for each PCR reaction required
100 ng of total DNA, 400 nM of each specific primer, 10 uL of SYBR GREEN Master Mix
(SMOBIO® 2X Fast Q-PCR), and H,O DEPC, which were used to make a final volume of
20 pL. The PCR conditions on Roche LightCycler® were as follows:

95 °C two minutes

Cycling
95°C15s » x40
60 °C60s

Concordance rate is the number of subjects concordant across the overall number of
subjects assessed; specificity of the test is the proportion of negative results detected by the
molecular analysis over the negative patients. Data were analyzed using GraphPad Prism
software version 9.

3. Results and Discussion

African patients of all ages, refugees, and asylum seekers coming from sub-Saharan
areas and whose stay in Italy ranges from a few months to a few years were included in
this study. Countries of origin with the highest frequency were Mali, Senegal, Nigeria,
the Ivory Coast, Gambia, Guinea, and Ghana. The cell-free DNA of the parasite was
obtained from 1 mL of serum obtained from a patient’s venous blood sample. The method
involves the extraction of all circulating free DNA in the serum, both the host DNA and
the pathogen DNA. The extraction was performed with the ‘QIAamp Circulating Nucleic
Acid’ kit (Qiagen). A characteristic of this kit is the use of a vacuum pump connected to
an extraction tube holder (QIAvac 24 Plus, Qiagen). In our protocol, the elution volume
was set at 30 uL. Following the extraction, the minimum value measured with Thermo
Scientific™ NanoDrop™ One was 15 ng/uL, and the maximum obtained was 69 ng/uL,
with an average yield of 30 + 11 ng/uL; as a result, an average of 900 ng cf-DNA could
be extracted from 1 mL of serum. The starting concentration of synthetic genes was
40 ng/uL; tenfold serial dilutions were made to generate the standard curve and the yield
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of the primers on the sequences. Through the standard curve, we have established the useful
range for assessing the positivity of our samples and the lowest point of DNA concentration
that can be amplified with our method. In parallel with the PCR of the samples, a standard
curve was made for each, with tenfold dilutions of the synthetic genes S. mansoni and
S. haematobium. In addition to the amplification curves, the melting curves of the samples
were compared to the melting of the synthetic genes, confirming that the specificity of the
PCR product represents the target genomic portion of our interest (Figure 1). Molecular
analysis was performed on 102 sera from African patients previously evaluated for the
presence of antibodies against Schistosoma antigens. The Schistosoma ICT IgG-IgM POC
test and WB blot test simultaneously detected IgG and IgM antibodies against S. mansoni
and S. haematobium antigen based on lateral flow methodology.
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Figure 1. Representative cases positive for S. haematobium (a) and S. mansoni (b); the positivity
is provided by the amplification with a CT lower than the amplification curve of the minimum
concentration of the control gene for S. haematobium and S. mansoni (the sample in blue; the sample
in red is the synthetic gene). The melting curve of S. haematobium (c) and S. mansoni (d); red pick
corresponding to the amplification of the synthetic gene and blue pick to the amplification of the
samples. (e) Representative standard curve; (f) melting curve of the synthetic genes.

Molecular analysis detected Schistosoma DNA in 32 patients. Among them, we
characterized nine S. haematobium, 20 S. mansoni, and three coinfections. On the other hand,
serological analysis revealed specific antibodies against Schistosoma antigens in 52 out
of 102 patients. Concordance of data in 76 out of 102 patients (74.51%) was measured by
comparing the results of the serological test with those of real-time PCR; in particular, both
diagnostic tests were positive in 29 patients (28.43%) and negative in 47 (46.89%). The
specificity of the molecular test was 94%. Discordance was observed in 26 patients (25.49%);
in particular, in 3 patients with a negative serology, the molecular analysis detected cell-free
DNA of Schistosoma, two S. haematobium, and one S. mansoni, while 23 patients had a
positive serology versus a negative real-time PCR (Table 1).
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Table 1. Comparison of molecular analysis on ¢f-DNA and serology shows 74.5% of concordance.

Serology + Serology — Total Number
Cell-fee DNA PCR + 29 3 32
Cell-free DNA PCR — 23 47 70
Total 52 50 102
Specificity % 94 (47/50)

Concordance rate % 74.51 ((29 + 47)/102)

Amplification of the human HBB gene was also analyzed for all samples as a quality
control measure for cf-DNA extraction. Results showed the detection of the human HBB
gene in all samples.

We provided evidence that real-time PCR on ¢f-DNA obtained from serum could be
a fast, money-saving diagnostic method for the detection and species determination of
Schistosoma parasitosis in chronic patients. Here, our primary objective was to determine
whether it was possible to obtain enough schistosome DNA from 1 mL of serum. Indeed,
1 mL of serum provided an average of 900 ng of ¢f-DNA, sufficient to perform the molecular
analysis. This minimized amount of sample is of the most importance as blood donation
still represents a barrier for sub-Saharan Africans. The second objective was to determine
the species of the parasite with the same analysis. The primer pairs were selected to
distinguish between the genomes of the two strains of the parasite, being highly specific for
tandem regions of approximately 121 bp, which have different nucleotide sequences in the
two genomes. Synthetic genes obtained from plasmids containing the above-mentioned
characteristic regions for the two Schistosoma genomes were used to have positive control
of the PCR amplifications and determine the LoD of our method.

To determine the specificity of the molecular test, results obtained with the serological
test were compared with those of real-time PCR; the two diagnostic tests showed correspon-
dence in 76 out of 102 patients, while 23 patients had a positive serology versus a negative
real-time PCR. Comparison of two different approaches, involving the detection of the
parasite DNA versus the detection of the IgG antibody response, makes the sensitivity of
the molecular test hardly measurable. Indeed, discordance may be a consequence of either
a limited sensitivity of the molecular analysis due to the scarce amount of DNA released
in the peripheral blood or the consequence of immunological memory in patients previ-
ously exposed to the parasite but without active infection. IgG remains positive for years,
whereas serum DNA declines more rapidly over time [21]. Finally, three patients showed
a negative serology and a positive molecular analysis, which detected cell-free DNA of
Schistosoma with two S. haematobium and one S. mansoni. False negative immunologic test
or immunodepression of the patient, or, alternatively, a false positive detection of parasite
DNA, should be considered in those patients.

Serum Schistosoma PCRs were previously shown to be mainly contributive to the diag-
nosis of early infections in different studies [8-15]. Wichmann and colleagues conducted
a prospective European-wide multicenter study on 38 patients with acute schistosomi-
asis, finding that S. mansoni-specific real-time PCR in serum was more sensitive (92%)
than serology (70%) [11]. Moreover, Guegain et al. evaluated the accuracy of a specific
Schistosoma PCR assay for the diagnosis of schistosomiasis by retrospectively studying a
large cohort of migrants and travelers returning from endemic areas, which confirmed
the relevance of serum Schistosoma PCR [23]. While reinforcing these data, in addition,
our study is able to implement the technique and identify the type of Schistosoma: this
study reasoned that it might also be possible to confirm the elimination of Schistosoma after
treatment with Praziquantel.

Currently, several challenges still face the diagnosis of schistosomiasis; one of these
is the difficulty for clinicians to detect parasitosis in affected persons because it is often
paucisymptomatic or asymptomatic. Especially in Europe, where it is not very prevalent,
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or at least underestimated, the clinical aspect is not easily associated with Schistosoma
infection. Molecular analysis, if more easily managed by both the laboratory and the
patient, is more likely to speed up the clinical diagnostic pathway for positive persons.
The sensitivity of the molecular test remains to be established. Therefore, at the moment,
combining the molecular approach aimed at detecting the species of the parasite and the
serological screening (currently recommended by the Italian guidelines for health checks
upon arrival for refugees who have lived or traveled in endemic areas) could provide the
clinician with more accurate knowledge about the infection and integrate it into a broader
diagnostic algorithm.
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