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ABSTRACT 
 

 Soil-transmitted helminths (STHs) are a major burden on human 
health in developing countries. Ascaris lumbricoides, Trichuris trichiura 
and the hookworms, Necator americanus and Ancylostoma duodenale are 
the most prevalent STHs, infecting more than 1.5 billion people 
worldwide. Pre-school and school-age children are the most at risk of 
heavy infection with STHs and of developing severe morbidity, leading to 
malnourishment, with cognitive and educational deficits. Infection with 
STHs can complicate pregnancy, placing both mothers and children at 
higher risk of severe mortality. 

Large-scale treatment with benzimidazole drugs (BZ), 
albendazole or mebendazole, is the major control strategy recommended 
by the WHO to control STH infections in MDA programs. Intensive 
reliance on two drugs of the same anthelmintic class that have suboptimal 
efficacy, greatly increases the possibility that BZ resistance may develop. 
In veterinary parasites, intensive use of the same anthelmintic drugs has 
led to the emergence of BZ resistance which is caused by a single 
nucleotide polymorphism (SNP) at codon positions 200, 167, or 198 in 
the β-tubulin gene. These SNPs have also been correlated with poor 
response to BZ treatment in human T. trichiura. 

Diagnosis of STHs has traditionally relied on stool microscopy, 
which has a number of deficiencies. PCR-based methods have achieved 
critical advances in the detection of several parasitic infections and have 
been applied for sensitive and specific detection of STHs and monitoring 
for BZ-resistance associated SNPs. However, the requirement for 
expensive equipment, highly skilled personnel and a well-equipped 
laboratory make their implementation difficult in low-resource or field 
settings. Rapid, sensitive and cost-effective diagnostic tools are crucial for 
detection of the STH infections and monitoring for BZ associated SNPs, 
before resistance reaches clinically significant levels. 

Isothermal molecular methods, such as loop-mediated isothermal 
amplification (LAMP) are unique technology that has emerged as a 
promising approach for diagnosis and detection of viral, fungal, bacterial, 
and parasitic diseases. LAMP is a one-step amplification assay that detect 
a target DNA under isothermal conditions with high specificity and 
efficiency. Additionally, LAMP has unique advantages for field use, 
because of rapidity, simplicity and flexibility in readout. SmartAmp2 
(Smart amplification process) is a specific type of LAMP, with unique 
asymmetrical primer design for detection of SNPs, DNA target or 
deletions under isothermal conditions. 



New genotyping assays were developed based on the SmartAmp2 
method, to screen for the presence of β-tubulin SNPs associated with BZ 
resistance in T. trichiura, N. americanus and A. lumbricoides. Rapid 
genotyping assays were successfully developed to target β-tubulin 
polymorphisms. The assays showed high sensitivity and specificity in 
field samples and also demonstrated high tolerance to PCR inhibitors in 
fecal samples. These robust and efficient assays have potential to be used 
as field tools for monitoring SNPs that may be associated with BZ 
resistance.  

Following this, colorimetric STH diagnostic assays were 
optimized and developed based on the SmartAmp2 method for the 
detection of STHs. Rapid and sensitive assays were successfully 
developed to identify the STHs in field samples. The assays showed high 
specificity and demonstrated high tolerance to inhibitors in fecal samples. 
The visual inspection of the results using the HNB (hydroxy napthol blue), 
a metal indicator, allowed the assay readout with naked eye, eliminating 
the need for costly sophisticated equipment. Rapid, and robust assays 
were developed as basis for a potential field diagnostic test for the 
detection of STH infection. The potential was shown for assay readout 
that could be read by eye or with a smart phone. In conclusion, novel 
diagnostic assays were developed with great potential to be implemented 
in resource limited settings for the detection of STH infections and for 
screening for BZ resistant associated SNPs. 
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