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Schistosomiasis – Global Burden of Disease

• Neglected tropical disease as per WHO 
definition

• Impacting health of 200+ million people 
world-wide
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Schistosomiasis- Global Burden of Disease

• Neglected tropical disease as per WHO 
definition

• Impacting health of 200+ million people 
world-wide

• Primarily caused by 3 species of 
Schistosoma

• Transmission cycle: 
humans <-> contaminated water <-> snails 

Image from Payne et al. (2023). An Update on Schistosomiasis. Clinical Microbiology Newsletter. 
45. 125-132.
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Schistosomiasis – The Diagnostic Gap

MICROSCOPY

• Detects Schistosoma eggs

• Low sensitivity
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Schistosomiasis – The Diagnostic Gap

MICROSCOPY LATERAL FLOW TEST PCR AMPLIFICATION

• Detects Schistosoma eggs

• Low sensitivity

• Detects CCA in urine 

• Low specificity

• Detects Schistosoma DNA

• Requires lab infrastructure
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Schistosomiasis – The Diagnostic Gap

MICROSCOPY LATERAL FLOW TEST PCR AMPLIFICATION

• Detects Schistosoma eggs

• Low sensitivity

• Detects CCA in urine 

• Low specificity

• Detects Schistosoma DNA

• Requires lab infrastructure

➢ Identified need: Rapid, sensitive, species-specific field-deployable diagnostic
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RAA as a POC-optimal Solution

Feature PCR RAA
Amplification type Thermal cycling Isothermal (37–42 °C)

Time to result 1–2 hours 15–30 min

Equipment required Thermocycler Portable heater+ readout platform

Consumables/ waste generated High Low

Field deployable No Yes

Sensitivity High High

Energy/power need High Low
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Rationale for a Duplex Assay 

• Useful for environmental and clinical testing-
simultaneous detection and differentiation of two major 
human schistosome species

• Co-endemicity: avoid misclassification and improve treatment
• Faster and more efficient diagnosis
• Supports control and elimination programs

• Monitor transmission sources (water samples, snail hosts)
• Map risk areas more precisely and target snail control
• Monitor hybridization of species
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Sourcing the Singleplex Assays

S.haematobium assay targeting the cox1 gene (Zhao et al., 2023)
• Claimed sensitivity down to 10 copies/ μL
• Claimed high specificity 
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Sourcing the Singleplex Assays

S.mansoni assay targeting mitochondrial minisatellite region (Mesquita et al., 2022)
• Claimed sensitivity down to 1 copy of the target
• Claimed high specificity 
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Testing In-house

S.haematobium
• Weakly positive for 177 copies 

after 15 minutes
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Testing In-house

S.mansoni
• Positive for 1960 copies after 7 

minutes
• Anything lower was 

undetectable
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Merging and Optimization
S.haematobium assay 

parameters
S.mansoni assay parameters Duplex parameters tested

39°C 42°C 39°, 40°, 40.5°, 41°, 42°

420 nM primers 420 nM primers Standard for both, half for both, 
asymmetric, half for one

120 nM probe 120 nM probe Standard for both, half for both, 
half for one

10 min 20 min 20 min, 30 min

ROX FAM LED PWM: 20% FAM; 30% ROX

• After merging and optimization, no improvement on the sensitivity of the S.mansoni assay (2000 copies)
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The „Hail Mary“

• Widely used and validated PCR assay

• SM1–7 targets a highly repeated, tandemly arranged 
DNA sequence 

• Comprises ca. 12% of S. mansoni genome

• What if we convert it to an RAA assay?
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RAA Assay Design Principles
• Amplicon length: 80-200 bp

• Primer length: 30-35 nucleotides

• GC content: 30-70% (avoiding G stretches in the 5‘ end)

• Probe length: 46-52 nucleotides

• Blocker modification on the 3‘ end to avoid extension (e.g. phosphate, C3-spacer, amine moiety)

• Fluorophore and quencher as internal modifications to the sequence

• Fluorophore to be attached to a base at least 30 nucleotides away from the 5‘ end

• Quencher to be 2-4 nucleotides on the 3‘ side of the fluorophore

• One of the bases to be replaced by an abasic nucleotide (THF or dSpacer)
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Finalized Schisto Duplex Assay
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2.44E+05 copies Sman
2.44E+04 copies Sman
2.44E+03 copies Sman
2.44E+02 copies Sman
1.22E+02 copies Sman
1.77E+05 copies Shae
1.77E+04 copies Shae
1.77E+03 copies Shae
1.77E+02 copies Shae

✓ Rapid, specific and sensitive tool
✓ Field-deployable

✓ Parameters:
✓ 10-15 min amplification at 41°C
✓ FAM/ ROX multiplex
✓ Standard primer/ probe 

concentrations for S. mansoni
✓ Halved primer/ probe 

concentrations for S. haematobium
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Sm1-7 Assay- Specificity Test Against S.haematobium
- Duplex Schisto assay (ShCOX+ Sm1-7)
- Added 1,800- 180,000 copies/ rxn of S.haematobium positive control

➢ Signal as expected in ROX channel; no unspecific signal detected in FAM channel
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Sm1-7 Assay – DNA Extracts from Snails
10% reaction volume

Snails with confirmed infection of S.mansoni
• DNA extracted
• results benchmarked against qPCR

Extract 1 - Ct= 22.74
Extract 2 -Ct= 24.32

Extract 3-Ct= 27.6
Extract 4-Ct= 12.01

https://xpedite-dx.com/


Sm1-7 Assay- cfDNA Extracts from Plasma

Extract A- KK 43 eggs/gram of stool
Extract B- KK 40 eggs/gram of stool
Extract C- KK 29 eggs/gram of stool
Extract D – KK 29 eggs/gram of stool
Extract E- KK 40 eggs/gram of stool

Patients with confirmed S.mansoni infection
• cfDNA extracted from plasma
• results benchmarked against microscopy

10% reaction volume
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Schisto Duplex Assay vs Reference Analytics
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Duplex Assay- Sensitivity w/ Automatic Mixing
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Xpedite Toolbox for Field-Deployable Testing

Extraction of nucleic acids

Isothermal amplification reagents

Steel beads for auto mixing

Axxin reader (amplification + readout)

Equipped mobile laboratory

RAA/RPA design or consultation servicesL
A
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E
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D
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