


Detection of a microbial source 

tracking marker by isothermal 

helicase-dependent amplification 

and a nucleic acid lateral flow-

strip test



842 000 deaths per year, is attributable to unsafe water 
supply, sanitation and hygiene and includes 361 000
deaths of children under age five, mostly in low-income 
countries.

Safer water,better health
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Faecal pollution of water

Origin:

 Human wastewater

 manure from livestock 

operations

 diffuse sources such as input 

from wildlife and/or urban 

runoff
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Microbial Source Tracking(MST) is important!

remediate the causes

economic

effective management 

actions

Assessing associated 

health risks
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Standard Faecal Indicator Bacteria 

enumeration (SFIB)
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Linking faecal pollution to its source using the close association 

of certain faecal microorganisms with a specific host

the order Bacteroidales are currently the most prominent faecal 

source identifiers in water

ruminant-associated Bacteroidetes 16S rRNA marker (BacR)

 The results from a geographically expansive comparison study 

that spanned 16 countries and six continents suggested that the 

BacR marker was robust worldwide

Molecular microbial source tracking (MST)
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PCR-based assays have been developed to identify various 

potential faecal pollution sources

But the widespread use of these powerful tools is often limited

Have not access to the type of molecular biology 

equipment

 Molecular MST requires extensive technical training to 

perform the methods and interpret the results

PCR,quantitative PCR (qPCR)
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 Isothermal DNA amplification               a constant 

temperature on a standard heating block or in a water 

bath (~ 65°C)

 without the need for high-end PCR/qPCR 

instruments

 rapid

 simple-to-use

 low-cost molecular source tracking tools

Helicase-Dependent Amplification 

(HDA)
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Material &Method
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Faecal sample processing for performance tests

I. single ruminant and non-ruminant faecal samples (stored at −20 °C until 

further processing)

II. DNA was extracted using the PowerSoilTM DNA isolation kit(stored at 

−80 °C)

III. DNA concentrations were measured
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 pooled faecal samples were created that consisted of 10 single samples of 

the ruminant source (cattle, sheep and fallow deer)

Sample Limit Of Detection (SLOD)

500±10 mg 50ml 

tube

Vortex for 

10s And 

incubate 1h, 

37℃

diluted (10 -2  

,10-6)
Filteration (.2 

pore size)

DNA 

extract
HDA

QPCR
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Primer and probe sequences

 All oligonucleotide sequences were synthesized by Sigma-Aldrich

 HDA primers were designed using the Primer3 4.1 programme

 nucleic acid lateral-flow strip test probes were designed and assessed with OligoAnalyzer 3.1
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Nucleic acid lateral-flow test strip fabrication

1. the membrane card (laminated card with adhered nitrocellulose membrane)

2. the absorbent pad (cellulose)

3. the conjugate pad (glass fibre)

4. sample application pad (glass fibre)

5. AuNP-DP (functionalized gold nanoparticle with DNA detector probes)

6. streptavidin-biotin-probe conjugates (STV-Bio-capture probe and STV-Bio-

control probe)
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a series of experiments was performed to determine the most efficient 

dispensing volume of AuNP-DP for immobilization on the conjugate pad (10–

40 μL cm−1), the dispensing volume of STV-Bio-probe conjugates on the 

membrane (0.5–1.25 μL cm−1)

optimal nucleic acid lateral-flow 

assay conditions:

AuNP-DP conjugates at a rate of 25 μL cm−1

streptavidin-biotin-probe conjugates at a rate of .75 μL cm−1
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BacR HDA-strip test assay :

1. BacR HDA reactions using the IsoAmp II Universal tHDA 

kit

2. incubated for 90 min at 62 °C

3. HDA products were visualized by transferring 10 μL of the 

HDA reaction onto the sample application pad

4. test strip in 250 μL running buffer (8x SSC, 0.1% Tween 20, 

1% SDS) and incubation for 15 min

5. the results the presence or absence of a coloured test line on 

the test strip
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 BacR qPCR reaction using the  KAPA PROBE FAST qPCR Kits

 The amplification reactions were run on a 7500 Fast Real-Time PCR 

system according to the following thermal cycling conditions: an initial step 

of 5 min at 95 °C,followed by 45 cycles of 15 s at 95 °C and 15 s at 60 °C.

 Score negative:𝑐𝑞 value was undeterminated or < 1 copy

BacR qPCR assay :
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sensitivity (%) = TP/(TP + FN) × 100

 where ‘TP’ is the number of positive samples and 

‘FN’ is the number of false negatives when 

ruminant samples were used

specificity (%) = TN/(TN + FP) × 100

 where ‘TN’ is the number of negative samples and 

‘FP’ is the number of false positives when non-

ruminant faecal samples were used

Data analyses:
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Reasults & Discussion

17



BacR HDA assay design and development

 On a standard heating block

 An asymmetric HDA assay
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BacR strip test design and development
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Source-sensitivity and source-specificity:
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Analytical limit of detection (LOD95%)
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Sample limit of detection (SLOD):
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HDA-strip 

assay:6.2× 10−8

qPCR:

6× 10−8



simplicity and excellent performance, the developed HDA-strip assay 

provides a promising alternative molecular diagnostic tool

an instrument that is readily available in microbiology laboratories 

(standard heating block)

easy to read and interpret by non-experts

However:

both assays (HDA-strip and qPCR) still require water concentration based on 

membrane filtration and DNA extraction from filters resulting in a similar 

overall sample testing time of approximately three hours.

Perspectives and outlook for the developed 

BacR HDA-strip assay:
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