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Abstract 

Strongyloides stercoralis (S. stercoralis) is an intestinal nematode mainly present in tropical areas of 

the world. Most infections with this parasite are asymptomatic, but in immunosuppressed patients S. 

stercoralis may disseminate throughout the body and cause gastrointestinal symptoms as well as 

shock, neurological malfunctions and septicemia. When patients are treated with 

immunosuppressive therapy, chronic infections may be reactivated. In some instances infection with 

S. stercoralis may be fatal. 

Entamoeba histolytica (E. histolytica) is a pathogenic amoeba that can induce both intestinal and 

extraintestinal infections. Infections with E. histolytica most commonly occur in developing countries. 

Differentiation between the pathogenic E. histolytica and the related apathogenic amoeba 

Entamoeba dispar (E.dispar) is not possible by microscopic examination.  

This master thesis, performed at the Swedish Institute for Communicable Disease Control (SMI), 

aimed at establishing a qualitative method for the detection of S. stercoralis with real-time PCR as it 

is a fast, accurate and highly sensitive technique for qualitative or quantitative genomic analysis. This 

would provide an improved preparedness for the diagnostic unit when physicians suspect infection 

with S. stercoralis.  

Another aim of the thesis was to establish a qualitative real-time PCR method for differentiation 

between E. dispar and E. histolytica. The current method for differentiation between these two 

species at SMI is traditional gel-based PCR. A transfer from PCR to real-time PCR would contribute to 

a less time consuming and more efficient diagnostic procedure. A TaqMan probe and primers specific 

for the gene encoding 18S ribosomal RNA (18S rRNA) for S. stercoralis were acquired and tested for 

use with the same PCR program and reagents as other real-time PCR methods performed at SMI. 

Primer and probe concentrations were optimized. The test of analytical specificity indicated that the 

primer/probe system was specific for S. stercoralis. The amplification efficiency and analytical 

sensitivity was also determined. Two systems specific for E. histolytica and E. dispar respectively 

targeting the gene encoding 18S rRNA were acquired and tested in the same manner.  

All optimized systems of the real-time PCR methods proved to be compatible with the desired 

instrument, PCR program and reagents. Weak signals were obtained with the E. dispar specific 

system when template of E. histolytica was added. With the knowledge of how to correctly interpret 

the result data, accurate diagnosis could still be obtained despite this issue. If the result from an 

investigation of accuracy is satisfactory, validation and subsequent implementation of the method 

for differentiation between E. histolytica and E. dispar is recommended. The optimization of the S. 

stercoralis specific method indicates that validation can be initiated.  

  



 
 

Sammanfattning 

Strongyloides stercoralis (S. stercoralis) är en intestinal nematod som förekommer främst i tropiska 

delar av världen. De flesta infektioner som denna parasit ger upphov till är asymptomatiska, men hos 

immunsupprimerade patienter kan S. stercoralis sprida sig till i kroppen och ge upphov till 

gastrointestinala och neurologiska symptom, chock och blodförgiftning. När patienter får 

immunsuppressiv behandling kan kroniska infektioner reaktiveras. I vissa fall kan infektion med S. 

stercoralis vara dödlig. 

Entamoeba histolytica (E. histolytica) är en patogen amöba som kan ge upphov till både intestinala 

och extraintestinala infektioner. Utvecklingsländer drabbas i störst utsträckning av infektioner med E. 

histolytica. Differentiering mellan den patogena E. histolytica och den närbesläktade icke-patogena 

amöban Entamoeba dispar (E. dispar) med hjälp av mikroskopi är inte möjlig. 

Detta examensarbete utfördes vid Smittskyddsinstitutet (SMI) och ett mål var att ta fram en kvalitativ 

metod för detektion av S. stercoralis med realtids-PCR eftersom det är en snabb teknik med hög 

precision och känslighet för kvalitativa eller kvantitativa analyser. Metoden skulle ge 

diagnostikenheten en ökad beredskap när läkare misstänker S. stercoralis-infektion. 

Ett annat mål var att ta fram en kvalitativ realtids-PCR-metod för differentiering mellan E. dispar och 

E. histolytica. SMI:s nuvarande metod för differentiering mellan dessa två arter är traditionell gel-

baserad PCR. Ett byte från traditionell PCR till realtids-PCR skulle bidra till en mindre tidskrävande 

och mer effektiv diagnostik. En TaqMan-prob och primrar specifika för genen 18S ribosomalt RNA 

(18S rRNA) för S. stercoralis erhölls och testades med samma PCR-program och reagenser som 

används i SMI:s andra realtids-PCR-metoder. Primer- och probkoncentrationer optimerades. Ett test 

av analytisk specificitet indikerade att primer/prob-systemet var specifikt för S. stercoralis. 

Amplifieringseffektivitet och analytisk sensitivitet bestämdes. Två system specifika för E. histolytica 

respektive E. dispar med målgenen 18S rRNA erhölls och testades på samma sätt. 

Alla optimerade system för realtids-PCR-metoderna visade sig vara kompatibla med det önskade 

instrumentet, PCR-programmet och de önskade reagenserna. Svaga signaler erhölls vid analys med 

det E. dispar-specifika systemet när E. histolytica-templat tillsattes. Med kunskapen om hur en 

korrekt datatolkning görs kan rätt diagnos ändå ställas. Om resultatet från en jämförelsestudie är 

tillfredställande rekommenderas en validering och senare implementering av metoden. 

Optimeringsresultaten för den S. stercoralis-specifika metoden visar att en validering kan påbörjas. 
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1. Introduction 

1.1 Objectives and aim 
The objectives of this master thesis were  

 to establish a qualitative method for the detection of Strongyloides stercoralis with real-time 

PCR.  

 

 to establish a qualitative real-time PCR method that could distinguish the pathogenic 

Entamoeba histolytica from other related Entamoeba species – particularly the closely 

related Entamoeba dispar, which is nearly morphologically indistinguishable from the 

pathogen Entamoeba histolytica.  

 To validate the parts of SMI’s process for the development of new molecular methods that 

can be performed during the time limit of this thesis work. The process for the development 

of a new molecular method at SMI has not before been validated. 

The aim was that the methods should be implemented in the diagnostic operation in future if the 

method development was successful. The current method for the diagnosis of infection with E. 

histolytica or E. dispar at SMI is PCR. A transfer from traditional gel-based PCR to real-time PCR 

would contribute to a more efficient and less time-consuming diagnostic procedure, which would 

make more time available for other activities within the operation. An accurate diagnosis will 

help physicians to give patients correct prescriptions and not treat E. dispar infected patients for 

E. histolytica. The real-time PCR method for S. stercoralis would provide an improved 

preparedness at SMI when physicians suspect infection with this parasite. 
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1.2 Background 

 

1.2.1 General analyzing procedure at SMI 

Every day SMI receives patient samples from customers that require various types of diagnostic 

analyses. When a sample first arrives at SMI, it is electronically registered. When the analysis involves 

a molecular method, nucleic acids need to be extracted from the sample material. Incoming samples 

may consist of materials such as blood, serum, plasma, sputum, biopsies, cerebral spinal fluid, urine 

or faeces. The extracted nucleic acid (DNA or RNA) is then amplified using the polymerase chain 

reaction (PCR). If the PCR-method is real-time PCR, no analysis has to be carried out after the 

amplification of nucleic acids. There are several kinds of post-PCR analysis. SMI performs sequencing, 

fragment analysis and visualization of PCR-product. Once the analysis is completed data has to be 

analyzed. Data analysis can include interpretation of amplification curves, analysis of phylogenetic 

trees or sizes of amplified product. The results are then registered and interpreted before an answer 

regarding the medical question is sent out to the customer (Smittskyddsinstitutet, 2012). SMI’s 

analyzing procedure is illustrated in Figure 1. 

 

Figure 1 – The general analyzing procedure of incoming patient samples at SMI (Smittskyddsinstitutet, 2012). 
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1.2.2 The Polymerase Chain Reaction 

The polymerase chain reaction (PCR) enables detection of low levels of nucleic acids by amplification 

of the target sequence 105 to over 106-fold. Amplification requires two oligonucleotides known as the 

forward- and reverse primer respectively, both with a length of 20-40 base pairs. The forward primer 

hybridizes to the antisense strand of the template DNA and the reverse primer hybridizes to the 

sense strand. The process of amplification by PCR includes repeated cycles of DNA denaturation, 

primer annealing and DNA polymerase extension. The parameter controlling these events is the 

sample temperature which can be varied with a thermal cycler. The first step – denaturation - takes 

place at approximately 94-95°C. Hydrogen bonds interlink the two strands of sample DNA that is to 

be amplified with PCR. During denaturation the hydrogen bonds are broken. The sample is then 

cooled to 45-70°C. At this temperature the forward- and reverse primers can anneal to their 

complementary sequences. When annealing is complete, a DNA polymerase extends the primers 

with the sample DNA as a template for the elongating strands. The DNA polymerase needs to be a 

thermo stable enzyme as it must endure high temperatures during PCR. The first enzyme used in PCR 

was the Taq DNA polymerase originating from the bacterium Thermus aquaticus. DNA polymerases 

used today are modified versions of this enzyme or polymerases acquired from other thermo stable 

organisms. The polymerase activity of the enzyme is maximal at a temperature of approximately 

72°C. Therefore the DNA polymerase extension usually occurs at 72°C. When one cycle of 

denaturation, primer annealing and DNA polymerase extension is complete, two new strands have 

been formed from the two original strands of the sample DNA. Every cycle results in an exponential 

increase of the DNA (Hu et al, 2012).  

 

1.2.3 Real-time PCR 

Real-time PCR is defined as the continuous collection of fluorescent signal from one or more 

polymerase chain reactions over a range of cycles. Quantitative real-time PCR converts the 

fluorescent signals from each reaction into a numerical value for each individual sample (Dorak, 

2006, 3). The development of PCR has resulted in related techniques such as real-time PCR. These 

techniques can be used for analysis of for example environmental samples or diagnosis of pathogens 

in clinical samples (Madigan et al, 2008, 325-326). Real-time PCR is a fast, accurate and highly 

sensitive technique that can be used for both qualitative and quantitative analysis. The need for less 

time-consuming and more accurate diagnostic tests has been a driving force for the development of 

real-time PCR assays in the field of diagnostics (Hu et al, 2012).  

 

1.2.4 Detection and kinetics of real-time PCR  

Amplification during the polymerase chain reaction consists of four phases. 

1. Baseline. In this phase, the amplification does not give rise to a signal strong enough to be 

detected by the instrument. However, despite the lack of signal detection, exponential 

amplification does take place during these initial cycles. 

2. Exponential phase. This phase begins when the earliest signal is detected by the instrument. 

The duration of this phase depends on the design of the real-time PCR assay and the 

concentration of template. In an assay with 100% efficiency, two molecules should be 

synthesized for every template available during the exponential phase.   
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3. Linear phase. At this point the efficiency of amplification starts to decrease. An ideal 

amplification curve would never enter this phase. At this stage of the reaction, every 

template gives rise to approximately 1.95 new molecules, and from here the efficiency will 

decrease further until the plateau phase is reached.  

4. Plateau. The last cycles of the experiment will have none or very little amplification. 

It has not been established why the PCR eventually goes through the linear and plateau phase. The 

fact that the highly amplified product concentration favors association over dissociation, as well as 

denaturation of the DNA polymerase when a large number of cycles have taken place, could be two 

factors that lead to a gradual decline of amplification (Dorak, 2006).  

The detectors of real-time PCR instruments register fluorescent signals. The level of fluorescence 

increases proportionally with the level of amplified PCR-product. A fluorescent molecule can absorb 

photons with wavelengths within a narrow range. The excitation wavelength for a specific 

fluorescent molecule is the wavelength that gives maximal absorption. When the molecule absorbs 

light efficient enough for excitation it briefly enters a higher energy state. In order for the molecule 

to return to the ground energy state energy must be released. A photon at a longer wavelength than 

the excitation wavelength is emitted and the molecule relaxes its energy. This wavelength is called 

the emission wavelength. Every fluorescent molecule, or dye, has optimal wavelengths for excitation 

and emission. The Stokes shift is the denotation of the shift between these two wavelengths. 

Fluorescent molecules with large Stokes shifts are preferred when performing assays. With a large 

Stokes shift the intensity peaks at the excitation and emission wavelengths are well separated 

(Dorak, 2006). 

1.2.5. TaqMan probes in real-time PCR 

There are several kinds of sequence specific probes that can be utilized in a real-time PCR assay, 

including TaqMan probes, molecular beacons and scorpion probes (Hu et al, 2012). The methods 

discussed in this thesis utilize TaqMan probes.  A reporter dye is attached to one end of the TaqMan 

probe and a quencher is attached to the other end. Separation of the reporter dye and the quencher 

results in elevated levels of fluorescence from the reporter (Applied Biosystems, 2010).  

In TaqMan real-time PCR, the formation of PCR product is monitored during the process of 

amplification by the use of probes that fluorescence when they bind to DNA. The level of 

fluorescence increases proportionally to the level of formed PCR-product. By monitoring the rate of 

fluorescence increase during the PCR it is possible to quantify the target DNA present in the original 

sample. This can be applied when the presence of a certain organism in a sample is to be investigated 

(Madigan et al, 2008). 

An assay using TaqMan chemistry is illustrated in Figure 2. Once the TaqMan probe has annealed to 

the target sequence, the target specific forward- and reverse primers are extended. The Taq 

polymerase has exonuclease activity, and it displaces and digests the TaqMan probe. When this 

happens fluorescent light is emitted from the reporter molecule and registered by a detector.  The 

mechanism of fluorescence signal generation differs for the probe types, but one feature they all 

have in common is that the signal is directly proportional to the amount of formed PCR product (Hu 

et al, 2012). 
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Figure 2 - TaqMan chemistry (Applied Biosystems, 2010). 

 

A TaqMan probe bearing a minor groove binding (MGB) protein can be designed to have a shorter 

length than probes without MGB. The MGB molecule is added to one end of the sequence and 

lowers the melting temperature (Tm) requirements of the probe. MGB probes are primarily used for 

assays where single nucleotide polymorphisms (SNP) are used to discriminate between related 

species. Longer probes limit the design flexibility and are less sensitive to discrimination based on 

mismatches (single nucleotide polymorphisms). In addition MGB molecules reduce the level of 

background fluorescence. Hence, MGB molecules can improve the discrimination in genotyping 

assays by allowing a shorter length and a lower Tm of the probe (Dorak, 2006). 

1.2.6 Internal positive control (IPC) 

An internal positive control (IPC) can be used to distinguish true target negatives from PCR inhibition. 

Samples can contain substances that can inhibit the polymerase chain reaction, possibly by 

influencing the binding and activity of DNA polymerases. Complex polysaccharides and bile salts 

found in faeces and heme of blood are substances that could give rise to inhibition. Internal controls 

are spiked into samples in order to investigate whether all amplification steps have proceeded 

accurately (Dorak, 2006).  
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1.2.7 Data analysis of real-time PCR with TaqMan probes 

The principles for real-time PCR data analysis are described by Applied Biosystems, 2010. In the 

amplification plot in Figure 3, Rn is plotted against cycle number. To interpret the graph, it is 

necessary to define the variables Rn
- , Rn

+, ΔRn and Cq. 

Rn, the normalized reporter, is defined as the ratio of the emission intensity of the reporter dye and 

and the emission intensity of a Passive Reference. The Passive reference is a dye included in the 

TaqMan Buffer that is not involved in the reaction. Normalization is necessary as changes in 

concentration or volume may cause fluorescent fluctuations. 

 

 

Figure 3 – Amplification plot (Applied Biosystems, 2010). 

 

Rn
- is the value of an unreacted sample and can be obtained from the cycles prior to a detectable 

fluorescence signal. Rn
- may also be provided from a reaction with no template added. 

   
  

                              

                                       
 

 

Rn
+ is defined as the value of a reaction with all components as well as template included. 
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ΔRn is the difference between Rn
+ and Rn

-. ΔRn indicates the magnitude of the detected fluorescent 

signal. 

     (   
 )   (   

 ) 

 

The cycle of quantification, Cq, is the cycle number at which the detected increase in ΔRn is 

statistically significant. Cq occurs when the amount of PCR product increases exponentially (Applied 

Biosystems, 2010). Use of the term Cq , cycle of quantification, is recommended by Bustin et al, 2009, 

as various terms for the threshold cycle has been coined by real-time PCR instrument manufacturers 

with the aim to differentiate their product from competitors. This has resulted in an inconsistent 

nomenclature.  

Figure 4 shows a flowchart of suggested steps in preliminary data analysis (Dorak, 2006). 

 

Figure 4 – A preliminary analysis flowchart for data analysis of real-time PCR showing suggested steps of parameters to 
check and in what order (Dorak, 2006). 

  

Perform experiment specific analysis 

Check samples 

Check positive controls 

Check no template controls 

Check/adjust threshold 

Check/adjust baseline 

Examine amplification curves 
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1.2.8 Primer and probe design 

Selecting correct primers and probes is important when a new PCR method is to be set up. The aim is 

for the two primers to hybridize specifically to the target sequence and not hybridize to other 

sequences like the other primer or primers of the same kind, known as self-hybridization or primer-

dimer. Parts of the genome with a high GC or AT content can be hard to amplify. High GC content can 

lead to a decrease in PCR product due to a reduction of denaturation efficiency. Primers with regions 

of poly C or poly G should preferably be avoided as the primer-template complex may be opened up. 

Regions of poly A and poly T can give the same result. The annealing temperature or melting 

temperature, Tm, of primers is another parameter that will affect the efficiency of the PCR. As a 

general rule Tm should be within the range 56-62°C. The primers should have similar Tm. If the 

difference in Tm is too large it may result in low amplification efficiency. The length of the primers 

should be approximately 20-40 base pairs. However, primers can only be designed from the available 

sequence and the ideal conditions cannot always be achieved (Hu et al, 2012). 

Applied Biosystems, 2010, recommend using the following guidelines for probe and primer design. 

 

Guidelines for designing probes 

 Keep the G-C content in 20 to 80% range. 

 Avoid runs of an identical nucleotide. This is especially true for guanine, where runs of four 

or more Gs should be avoided. 

 Using Primer Express software, the Tm should be 58 to 60 °C. 

 The five nucleotides at the 3´ end should have no more than two G and/or C bases. 

 Place the forward and reverse primers as close as possible to the probe without overlapping 

the probe. 

Guidelines for designing primers 

 Choose the primers after the probe. 

 Design the primers as close as possible to the probe without overlapping the probe. 

 Keep the G-C content in the 20 to 80% range. 

 Avoid runs of an identical nucleotide. This is especially true for guanine, where runs of four 

or more Gs should be avoided. 

 The Tm of each primer should be 58 to 60 °C. 

 The five nucleotides at the 3´ end of each primer should have no more than two G and/or C 

bases. 
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1.2.9 Strongyloides stercoralis 

S. stercoralis is a soil-transmitted intestinal nematode. In 2006 an estimated 30-100 million people 

were infected worldwide. Most chronic infections are asymptomatic, and the parasite density of S. 

stercoralis is usually low, which requires diagnostic methods with high sensitivity. However in some 

cases infection may lead to a life-threatening hyper-infection syndrome. (Schär et al, 2013). 

The nematode is mostly present in tropical and subtropical areas of the world. The parasite is known 

to affect lower socioeconomic groups and particularly those living in the countryside (Centers for 

Disease Control & Prevention, 2013a). 

Route of infection 

Unlike most nematodes S. stercoralis alternates between two main life cycles; a free-living cycle and 

a parasitic cycle. The parasitic cycle is initiated when a filariform larva penetrates the human skin 

barrier. It travels to the lungs of the infected human where they pass through the alveolar space and 

reach the pharynx after transport through the bronchial tree. When the patient swallows, S. 

stercoralis larvae reach the small intestine. At this location the parasite matures to adult female 

worms. In the epithelium of the small intestine the female eventually produces eggs. When the eggs 

hatch, rhabditiform larvae are released. There are two possible outcomes at this point. The parasite 

can be excreted in faeces or cause autoinfection. When autoinfection occurs, the rhabditiform larvae 

residing in the large intestine become filariform larvae. If the larva penetrates the intestinal mucosa 

it is known as an internal autoinfection. In an external autoinfection the parasite penetrates the skin 

of the perianal area. In both cases S. stercoralis will travel to the lungs and proceed through a new 

parasitic cycle as previously described (Centers for Disease Control & Prevention, 2013a). 

In the other case the worm is excreted in faeces. It can then mature into infective filariform larvae, or 

mature into adult male or female worms that are free-living in the soil. If the latter happens, the 

free-living cycle begins. Mating generates new eggs with rhabditiform larvae inside. The new 

generation can mature into non-infective adult worms, or develop into infective filariform larvae that 

will enter the parasitic cycle (Centers for Disease Control & Prevention, 2013a). 

Disease 

Infection with S. stercoralis is known as strongyloidiasis. Common gastrointestinal symptoms are 

diarrhea and abdominal pains. It can also affect the lungs and the skin. The condition can be treated 

by giving patients the antihelmintic drugs ivermectin or albendazole.  Strongyloidiasis is a very 

serious disease if infected patients become immunosuppressed since S. stercoralis can disseminate 

throughout the body. Except for the symptoms already mentioned patients can also experience 

distension, shock, neurologic and other internal organ malfunctions and septicemia. In some 

instances it may even be fatal (Centers for Disease Control & Prevention, 2013a). 

Detection 

Microscopic examination of stool samples is the most widely used approach for detection of 

Strongyloides larvae in order to diagnose patients with infection. Multiple samples normally have to 

be analyzed to achieve efficient sensitivity. Serology has good sensitivity for patients with chronic 

infections but has little sensitivity for travelers infected when visiting endemic areas. 

Assays for detection of S. stercoralis with real-time PCR in faecal samples have been developed as an 

alternative to the traditional diagnostic techniques. In a study with the aim to develop such an assay 
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from 2008, targeting of a S. stercoralis-specific repeated sequence, the cytochrome c oxidase subunit 

1 gene as well as the 18S rRNA gene was performed. The primer and probe set from the 18S rRNA 

gave the highest sensitivity (Verweij et al, 2009). 

Transmission of S. stercoralis is also known to occur through organ transplantation. The majority of 

Strongyloides infections in organ transplant recipients are thought to arise when patients receive 

immunosuppressive therapy.  Immunocompromized can suffer from hyperinfection syndrome and 

disseminated disease. The fatality rate among these patients is greater than 50%. A chronic infection 

of S. stercoralis can then be reactivated. The occurrence of donor-derived infections is difficult to 

determine. If the recipient is from an area where S. stercoralis is endemic, it is particularly hard to 

prove that the infection was donor derived. An investigation by Centers for Disease Control and 

Prevention (CDC) highlights that the risk of Strongyloides infection has to be considered in organ 

donors. The investigation recommends that pretransplant samples should be stored if transmission 

from the donor to the recipient were to be suspected (Centers for Disease Control & Prevention, 

Center for Global Health - Morbidity and mortality weekly report, 2013c). 
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1.2.10 Entamoeba histolytica 

E. histolytica is a pathogenic amoeba that can induce both intestinal and extraintestinal infections. 

Infection of this parasite is known as amoebiasis. This condition occurs most frequently in developing 

countries. In industrialized countries the groups at highest risk of acquiring the illness are people who 

travel frequently, male homosexuals and recently arrived immigrants. A person is at risk of infection 

with E. histolytica if ingested water or food has been faecally contaminated with mature parasite 

cysts. The cysts can also be transmitted through skin contact, for instance when shaking hands and 

subsequent ingestion (Centers for Disease Control & Prevention, 2013b).  

Route of infection 

After ingestion excystation takes place in the small intestine. This leads to the release of trophozoites 

that will travel to the large intestine. Binary fission enables them to produce cysts there. Both 

trophozoites and cysts are passed in faeces. The walls of the cysts give good protection to the 

external environment around them. That enables the cysts to survive for days up to weeks, which 

facilitate further transmission. Trophozoites on the other hand are soon degenerated outside of the 

body.  

During a non-invasive infection, the trophozoites remain in the lumen of the intestine. If they migrate 

to the intestinal mucosa the patient develops intestinal disease. If the trophozoites reach 

extraintestinal sites, for example the liver, brain or lungs, the diagnosis is extraintestinal disease. As 

E. histolytica is a pathogenic species of the genus Entamoeba, infection with this parasite may result 

in disease and infections can be invasive. As mentioned previously, the species Entamoeba dispar (E. 

dispar) is nearly morphologically indistinguishable from E. histolytica but causes no disease. These 

infections are non-invasive and non-pathogenic (Centers for Disease Control & Prevention, 2013b). 

Disease 

Amoebiasis can give rise to various symptoms. The illness may be asymptomatic and is then denoted 

luminal amoebiasis. It is preferably treated with iodoquinol or paromomycin. Invasive intestinal 

amebiasis can lead to complications such as dysentery, colitis and appendicitis. If the amoebiasis is 

invasive the extraintestinal symptoms like liver abscess, peritonitis and pleuropulmonary abscess 

may be manifested. Symptomatic infections should initially be treated with metronidazole or 

tinidazole, followed by treatment with drugs used for asymptomatic infections (Centers for Disease 

Control & Prevention, 2013b). 

Detection 

Microscopic examination of stool samples has traditionally been used for the detection of 

Entamoeba species. Advantages of this method is the simplicity and low cost. However microscopy 

has several limitations, such as the incapability of distinguishing between cysts and trophozoites of E. 

histolytica and E. dispar. Several DNA detection systems with the aim to distinguish E .histolytica 

from E. dispar in clinical samples have been developed. In 2010, PCR was still the preferred method 

for the condition amoebiasis in developed countries and its use is supported by the World Health 

Organization (WHO). The PCR assays commonly use the small-subunit ribosomal RNA (18S rRNA) 

gene as target, but species-specific episomal repeats can also be analysed. Real-time PCR enables 

specific detection of the target sequence and registers the continuous formation of PCR product. This 

means that no post-PCR processing is necessary which is timesaving. An additional advantage is that 
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the closed reaction tube minimizes cross-contamination. In comparison to serological and 

microscopic analysis of E. histolytica real-time PCR has superior sensitivity and specificity (Hamzah et 

al, 2010).  
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1.2.11 The development process of a new molecular method at SMI 

Guidelines for the development of molecular analytical methods at SMI were established by the 

molecular project group in 2012. This master thesis project aims to validate these guidelines. It is the 

first time that these method development guidelines have been used in practice. The process of 

method development is illustrated in Figure 5 and each step is described below. 

 

 

Figure 5 - The development process for a new molecular method at SMI (Smittskyddsinstitutet, 2012). 

 

Literature study and validation plan 

A literature study is initially performed to gather background information on the organisms and 

methods of interest, in this case S. stercoralis and the Entamoeba species. Published articles 

discussing the setup of similar methods were collected and evaluated on the basis of their relevance 

for this project.  

 

Validation plans with minimum requirements for each method were established during the first few 

weeks. There can for example be requirements that certain materials, reagents or equipment should 

be used. In this case, it was important that the new methods should be able to use the same real-

time PCR program, platform and reagents as the other real-time PCR methods at SMI. This will 

enable the incoming patient samples that are suspected to be positive for S. stercoralis or E. 

histolytica/E.dispar to be run on the same 96-well plate as patient samples with other methods. This 

will facilitate a more efficient and less time-consuming diagnostic operation. 

 

The validation plans also contain information about necessary equipment and Standard Operating 

Procedures (SOP) that are followed at each step of the method development. These SOPs were 
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developed by SMI’s molecular project group and this is the first time they have been used in method 

development. The SOPs will be evaluated and modified if necessary as a result of this project.  

 

Collection of data and determination of a method to test 

Data collection is the next step of the development process. The data acquired for the methods in 

question was evaluated and sorted into a database. This summary made it easier to survey if the 

published articles contained information of interest for this project. The most relevant articles were 

chosen and information such as target genes, extraction of DNA, primers and probes as well as 

pretreatment of the sample material was taken into consideration when setting up these methods.  

On the basis of requirements from the validation plan and a thorough literature review, a decision is 

made on which should be tested. 

Collection of sample material 

Performing an inventory of sample material is important since positive control material for the 

testing of methods is necessary. Patient samples that had previously undergone extraction of nucleic 

acids were identified in SMI’s protocol for performed microscopies. The samples that were positive 

for Entamoeba species were further investigated. The current Entamoeba PCR protocol gave 

information about if the sample was positive for E. dispar or E.histolytica. The quality of the samples 

that were chosen as positive controls during the experiments were tested and documented. Nucleic 

acids of species closely related to S. stercoralis were also collected. In addition, samples positive for 

species related to E. dispar, E. histolytica and S. stercoralis were collected when the analytical 

specificity was to be determined for each method.  
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1.2.12 The optimization process 

When a method has been chosen it must be optimized. The optimization process is a part of the 

development process of a new molecular method.  The optimization process is illustrated separately 

in Figure 6 (Smittskyddsinstitutet, 2012).  

 

 

Figure 6 - The optimization process for a molecular method at SMI (Smittskyddsinstitutet, 2012). 

Collection and evaluation of target sequences, primers and probes in silico 

The first step of this process is to acquire and evaluate target sequences, primers and probes in silico. 

The target sequence is a gene sequence specific for the organism of interest that the primers and 

probes will bind to. Primers and probes can be found in the literature or designed with the aid of 

bioinformatics software. Software for sequence analysis and primer design is described more in 

detail in the section 2.2 Bioinformatics. 

 

Evaluation of target sequences, primers and probes in vitro  

An evaluation of the target sequences, primers and probes is subsequently performed in vitro. A real-

time PCR analysis is performed to see if the probe and primers can amplify the desired genomic DNA. 

The analytical specificity and amplification efficiency, E(%), of the method should also be determined. 

Optimization of the polymerase chain reaction 

Once the primers and probes have been evaluated and approved, it is time to start optimizing the 

polymerase chain reaction. This includes several different experiments. The optimization 

experiments performed on each primer/probe system during this master thesis are: 

 Optimization of primer concentrations 

 Optimization of probe concentration 
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Sample pretreatment 

This step is dependent on what material the samples consist of and which extraction technique is 

utilized. The material of the samples analyzed during this project was faeces.  

Nucleic acid extraction 

A preliminary evaluation of extraction methods of nucleic extraction was performed during this 

thesis. The following extraction techniques were tested. 

 Manual DNA extraction using the QIAmp DNA Mini Kit from Qiagen 

 Automatic DNA extraction using the Biorobot M48 from Qiagen 

 Automatic DNA extraction using the EZ1 Advanced from Qiagen 

The results obtained are preliminary. A more thorough optimization would include preparing a 

dilution series of template in order to compare the methods. Automatic extraction of nucleic acids is 

more desirable to implement in the diagnostic operation as it requires less manual work and is less 

time consuming than the manual extraction. Thus automatic extraction is more efficient if the quality 

of the extraction yield is equivalent or better than that of manual extraction. 
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2. Method 

2.1 Real-time PCR equipment and reagents 
The real-time PCR experiments were performed on the instrument StepOnePlus Real-Time PCR 

System from Applied Biosystems. This equipment utilizes MicroAmp Optical 96-Well Reaction Plates 

where a final volume of 25 μl can be added to each well.  

When an experiment is planned, the 96-well plate is set up in the StepOnePlus software. The set up 

includes choosing which fluorophore should be detected in each well. In this case, FAM (6-carboxy 

fluorescein) was the fluorescent molecule for the target probes. According to Dorak, 2006, this is the 

most commonly used reporter at the 5’ end TaqMan probes. 

Prior to the analysis on the real-time PCR instrument, a PCR reaction mix is prepared. The TaqMan 

Universal PCR Master Mix Protocol from Applied Biosystems was generally used. This mixture 

contains TaqMan Universal master mix, forward- and reverse primers, probe and RNAse free water.  

In order to check if inhibition of the polymerase chain reaction has occurred during an experiment, 

an IPC can be added to the PCR reaction mix. The IPC used during the method development was the 

TaqMan Exogenous Internal Positive Control Reagents. The choice of these particular reagents is 

beneficial since, according to Applied Biosystems, the performance of the IPC is optimal with the 

TaqMan Universal master mix and because other real-time PCR methods at SMI utilize the same 

reagents which promotes standardization. The TaqMan Exogenous Internal Positive Control Reagents 

is a pre-optimized IPC that can be spiked into samples. If the result is negative for the target 

sequence and positive for the IPC at the expected Cq value, the conclusion is that no target sequence 

was present in the sample. On the other hand, a negative result for the target sequence and a 

negative or higher than expected Cq value for the IPC gives an indication of PCR inhibition. During the 

real-time PCR run, the DNA of the IPC and the DNA of the target organism are amplified 

simultaneously in the same well. The IPC is detected with a probe labeled with the fluorescent 

molecule VIC while the target sequence is detected with a FAM-labeled probe as previously 

mentioned (Applied Biosystems, 2001). 

In the next step, 20 μl of the PCR reaction mixture is added to wells of the 96-well reaction plate 

according to the plate set up. Finally, 5 μl of template is added to each well and the plate is covered 

with plastic. In wells that are negative controls, 5 μl of RNAse free water replaces the template. After 

a centrifugation for 5 minutes the plate is ready to be inserted into the instrument and the analysis 

can begin. On the computer connected to the instrument the fluorescence levels corresponding to 

the amplification process can be monitored in real-time.  

The following PCR program was used for all assays: 

1. 50°C for 2 minutes 

2. 95°C for 10 minutes 

3. 95°C for 15 seconds 

4. 60°C for 1 minute 

Step 3 and 4 were repeated for 40 cycles. This is the PCR program of other real-time PCR methods at 

SMI. It was important that the new methods would be compatible with this program. 



18 
 

Once the run is complete, the result is stored in a file which can be viewed and interpreted in the 

StepOne software. During this thesis, threshold and baseline of the amplification plots was set 

manually. The rule of thumb practiced at SMI is to set the baseline approximately three cycles prior 

to the start of the exponential phase of the curve with the lowest Cq value in the experiment. The 

manual threshold chosen should result in a standard deviation of the Cq values of the replicates as 

close to zero as possible. 

 

2.2 Bioinformatics 
CLC Main Workbench is a bioinformatics software developed by CLC Bio. During the first weeks of 

this master thesis project a course on CLC Main Workbench was provided. The features of this 

program include sequence data analysis, phylogenetic analyses and direct search tools for sequences 

from the databases of NCBI. It can also align sequences which is a very useful tool when the similarity 

of sequences is to be determined. The positions of published primer and probe systems along the 

target sequence were identified in order to see which sequence variations existed as these positions. 

AlleleID and SmiDesigner are software packages that can suggest primers and probes with good 

qualities. These programs use a sequence or an alignment of sequences as input and design assays 

with the best possible parameters. Both programs were used during the design process. 

During the literature study it was discovered that the 18S rRNA gene was a commonly used target for 

the published real-time PCR methods. This was the case both for detection of S. stercoralis and for 

discrimination between E. histolytica and E. dispar.  

In eukaryotic cells, the 18S rRNA gene is also known as the small subunit ribosomal RNA gene (SSU 

rRNA). The equivalent to the small subunit rRNA gene in prokaryotic cells is 16S rRNA. This gene is 

commonly used in molecular phylogenetic studies since it is functionally constant, conserved and 

evolving slowly (Madigan et al, 2008). 

With the aid of CLC Main Workbench sequences for the 18S rRNA gene from NCBI nucleotide 

database were obtained for each of the species desired to detect. The sequences were aligned and 

trimmed in order to create a reliable consensus sequence that the design could be based on. The 

consensus sequence of each alignment was exported from CLC Main Workbench and used as input 

for the primer design software AlleleID and SmiDesigner. In the case of the Entamoeba species, it is 

important that the assay designed for E. histolytica does not give a signal when E. dispar positive 

template is added and vice versa. In both of the design softwares, there is a possibility to list the 

sequences of species that you do not want to detect. This increases the specificity of the assay. 

The amplicons of the designed assays were searched in the BLAST nucleotide database in order to 

ensure that the primers were specific and that there were no hits on the organisms under the 

exclusion criteria in the validation plans. The best assay specific for each species was chosen. Primers 

and BHQ-probes were ordered from Biomers.net and MGB-probes were ordered from Life 

Technologies.   

 

  



19 
 

2.3 Optimization of the PCR 

2.3.1 Optimal primer concentrations 

The primer concentrations of the assays were optimized according to the instructions in the 

TaqMan® Universal PCR Master Mix protocol. The aim of primer concentration optimization is to 

determine the minimum primer concentrations resulting in the maximum ΔRn and the lowest Cq 

value (Applied Biosystems, 2010). The template was acquired from extracted patient samples that 

had been confirmed positive for the organism. Triplicates of each of the nine conditions were 

prepared and analyzed with the StepOnePlus real-time PCR system according to the concentration 

matrix in Table 1.  

 Forward primer (nM) 

Reverse primer (nM) 50 300 900 

50 50/50 300/50 900/50 

300 50/300 300/300 900/300 

900 50/900 300/900 900/900 

Table 1 – The primer concentrations tested in the primer optimization experiment (Applied Biosystems, 2010). 

2.3.2 Optimal probe concentration 

When the optimal primer concentrations had been determined, these conditions were used during 

the subsequent probe concentration optimization experiment. During optimization of probe 

concentration, the aim is to determine the minimum probe concentration that results in the 

maximum ΔRn value and the minimum Cq value for the probe target. Five different probe 

concentrations were evaluated: 50, 100, 150, 200 and 250 nM. Triplicates of each condition were 

analyzed. 

 

2.4 Analytical specificity 
It is essential that a new real-time PCR method is specific for the organism desired to be detected 

and that there is no amplification of template from other non-target organisms. An exclusivity 

experiment was performed with the purpose to investigate whether the assays were specific for the 

parasites or not.  

For the S. stercoralis method, patient samples that had previously been confirmed positive for the 

nematodes Ascaris lumbricoides, Trichuris trichiura and hookworm were collected.  Two positive 

patient samples for each organism were analyzed. In addition, each sample was diluted 1:5. Samples 

from faeces often contain inhibiting substances. By diluting the sample, the molecules causing 

inhibitions are also diluted which may reduce inhibition of the PCR. Diluted and non-diluted samples 

were analyzed in duplicates on the StepOnePlus instrument. Positive and negative controls were 

included in the experiment. An IPC was added to the PCR reaction mix to determine whether 

substances that can give rise to inhibition of the PCR were present during the experiment.  
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The optimized Entamoeba systems were tested with template from the following related organisms. 

 Entamoeba coli 

 Entamoeba hartmanni 

 Entamoeba polecki 

 Entamoeba moshkovskii 

 Endolimax nana 

 Iodamoeba butschlii 

 Dientamoeba fragilis 

 Blastocystis species 

 Giardia Intestinalis 

 Cryptosporidium species 

 Ascaris 

 Trichuris 

 Hookworm 

 Negative sample 

Most importantly, the E. histolytica system was tested with E. dispar template and vice versa. As the 

aim was for the systems to be able to discriminate between these two closely related species it was 

important to determine the occurrence of any false positive signals. Each sample was analyzed in one 

well with 5 μl template and one well containing 2 μl template. Positive and negative controls as well 

as addition of IPC to the PCR reaction mix were included in the experiment just as in the case of the 

S. stercoralis method.  

2.5 Analytical sensitivity 

 
Once the analytical specificity had been tested and approved, the analytical sensitivity was 

determined. The aim was to determine the minimum amount of DNA template that can be reliably 

detected by the real-time PCR methods. According to Bustin et al, 2009, analytical sensitivity is 

usually expressed as the limit of detection (LOD), and refers to the minimum number of copies in a 

sample that can be measured accurately with a real-time PCR assay. 

This experiment includes preparing dilution series of target nucleic acid. The dilution series of S. 

stercoralis template were prepared with a two-step method. The advantage of this principle is that 

the parallel two-step dilutions are independent of each other. Consequently, an error of dilution 

does not influence the rest of the two-step dilutions. According to SMI’s validation and verification 

SOP for real-time PCR, each dilution series consisted of nine dilutions. 

Prior to preparing a dilution series for the S. stercoralis method, a microscopic examination of a 

positive sample was carried out in order to estimate the amount of larvae. The larvae present in a 

known volume were counted under the microscope after which the sample material was transferred 

in equal volumes to new eppendorf tubes. The tubes were then stored in the freezer awaiting DNA 

extraction. The estimation of the number of gene copies in the eluted volume was made according to 

the following assumptions. Alberts et al, 1994, states that the nematode Caenorhabditis elegans (C. 
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elegans) consists of about 1000 somatic cells and 1000-2000 germ cells as an adult. It was estimated 

that one S. stercoralis larva consists of approximately 2000 cells. According to Viney and Lok, 2011, 

cells of the related Strongyloides ratti are diploid.  Assuming that each cell of S. stercoralis is diploid 

means that two copies of the genome are present in each cell. According to Dorris et al, 1999, C. 

elegans has about 55 sets of rRNA genes, and that the number of sets present in other nematodes is 

not known but is likely to be similar. The number of gene copies in a larva was therefore estimated to 

be 2*2000*55=220000. 

The DNA from larvae that had previously been purified was extracted using the Qiagen BioRobot 

M48. It was performed during a routine extraction along with other patient samples. With this 

equipment, DNA is extracted from a sample volume of 50 µl. The extracted DNA is eluted in a volume 

of 100 µl. 

The extracted sample was initially diluted 1:10. The DNA was dissolved in a “carrier” nucleic acid – 

fish sperm DNA solution. On the basis of the previous estimation of the amount of larvae per volume, 

a dilution with 1 larva per µl was prepared. This solution was then diluted 1:2, 1:4, 1:8, 1:16, 1:32, 

1:64, 1:128 and 1:256. The estimated numbers of S. stercoralis larvae/µl and a summary of the 

properties of each solution in the dilution series are stated in Table 2. Three dilution series prepared 

in an identical manner, denoted A, B and C, were analyzed in triplicate on the StepOnePlus 

instrument. The results were interpreted for determination of the amplification efficiency and 

analytical sensitivity. 

 

Solution 
no 

Dilution factor 
relative to the 
solution containing 
1 larva/µl 

Estimated no of 
larvae/µl 

Estimated no 
of 18S rRNA 
gene copies/ 
reaction 

Estimated no 
of genome 
copies/reaction 

1  1 1100000 20000 

2 1:2 0,5 550000 10000 

3 1:4 0,25 275000 5000 

4 1:8 0,125 137500 2500 

5 1:16 0,0625 68750 1250 

6 1:32 0,03125 34375 625 

7 1:64 0,015625 17190 312,5 

8 1:128 0,0078125 8595 156,25 

9 1:256 0,00390625 4295 78,125 
Table 2 – Properties of each of the nine dilutions of nucleic acids extracted from S. stercoralis larvae. 5 µl of template 

DNA is added to one reaction. 

 

In order to create dilution series of E. dispar template, an estimation of the amount of cysts present 

in an extracted sample of E. dispar was made by taking equal volumes of ethanol-fixed faeces to DNA 

extraction and microscopy. Hence, 500 μl of the positive sample was used for microscopy and 500 μl 

was stored for future DNA extraction.  Three dilution series were prepared in an identical manner 

and analyzed in triplicate. A summary of the properties of each solution in the dilution series for E. 

dispar is shown in Table 3. According to Parfrey et al, 2008, Entamoeba cysts commonly have 4 

haploid nuclei. 
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Solution 
no 

Dilution factor relative 
to the extracted 
solution 

Estimated 
no of 
cysts/µl 

Estimated no 
of 18S gene 
copies/ 
reaction 

Estimated no 
of genome 
copies/reaction 

1 1:8 0,0197 78,7 0,3935 

2 1:16 0,0098 39,2 0,196 

3 1:32 0,0049 19,6 0,098 

4 1:64 0,00246 9,84 0,0492 

5 1:128 0,00123 4,92 0,0246 

6 1:256 0,00061 2,44 0,0122 

7 1:512 0,00031 1,24 0,0062 

8 1:1024 0,000154 0,616 0,00308 

9 1:2048 0,0000768 0,3072 0,001536 
Table 3 - Properties of each of the nine dilutions of nucleic acids extracted from E. dispar cysts. 5 µl of template DNA is 

added to one reaction. 

After concentration, the pellet was dissolved in a small amount of sodium chloride and stained with 

iodine in order to make the cysts more visible under the microscope. During the microscopic 

examination the cysts were counted. The result enabled an estimation to be made of the number of 

cysts present in the volume of ethanol-fixed faeces from which DNA was later to be extracted.  

 

Cultured trophozoites of E. histolytica were available at SMI. The cultured trophozoites were washed, 

centrifuged, counted and aliquoted into new tubes in volumes of 50 or 100 μl. The DNA content of a 

tube containing a volume of 50 μl was manually extracted using the QIAamp DNA Mini Kit. The 

counting of trophozoites enabled an estimation to be made about the number of trophozoites 

present in the extracted volume. The manually extracted template was diluted in a series of 9 steps 

in order to investigate the analytical sensitivity. The extracted DNA was dissolved in fish sperm DNA 

solution. Three dilution series prepared in an identical manner, denoted A, B and C, were analyzed in 

triplicate in a real-time PCR run. The properties of the solutions in the dilution series are summarized 

in Table 4. 

According to Lohia et al, 2007, the majority of E. histolytica trophozoites in vegetative growth contain 

a single nucleus with 1-2 genome contents. In order to estimate the number of genome copies as 

well as 18S rRNA gene copies of the cultured trophozoites, it was assumed that the nucleus of each 

trophozoite had a genome content of one. Liang et al, 2009, states that the copy number of the gene 

is about 200. The number of gene copies as well as genome copies in each dilution was estimated 

based on these assumptions. 
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Solution 
no. 

Dilution factor 
relative to the 
extracted solution 

Estimated no of 
trophozoites/μl 

Estimated no of 
18S gene copies/ 
reaction 

 Estimated no 
of genome 
copies/ 
reaction 

1 1:1000 0,4 400 4 

2 1:10000 0,04 200 2 

3 1:40000 0,01 100 1 

4 1:100000 0,004 50 0,5 

5 1:160000 0,0025 25 0,25 

6 1:1000000 0,0004 12,5 0,125 

7 1:4000000 0,0001 6,25 0,0625 

8 1:10000000 0,00004 3,125 0,0312 

9 1:40000000 0,00001 1,563 0,0156 
Table 4 – Properties of each of the nine dilutions of nucleic acids extracted from E. histolytica trophozoites. 5 µl of 

template DNA is added to one reaction. 

 

2.6 Amplification efficiency 
The amplification efficiency indicates how well the PCR reaction has proceeded. An ideal assay will 

have a slope of -3.32 which corresponds to 100% efficiency and r2, the coefficient of determination, 

should be 1.00. The amplification efficiency of an assay is calculated with the formula below (Dorak, 

2006, 41). 

                        ( )   (  
(
  
     

)
)    

The dilution series used for determination of the amplification efficiency should be prepared in equal 

steps according to SMI’s validation and verification SOP for real-time PCR. The dilution series 

prepared for investigation of analytical sensitivity for S. stercoralis were used to calculate the 

amplification efficiency. 

2.7 Accuracy 
An accuracy experiment was performed to compare the existing gel-based PCR with the real-time 

PCR method for discrimination between E. histolytica and E. dispar. If the real-time PCR method is as 

accurate as or better than the existing method, then it could replace the gel-based PCR method. 

Samples that had previously been analyzed with traditional gel-based PCR were tested in a real-time 

PCR run in order to compare the results. Four samples positive for E. histolytica and 3 samples 

positive for E. dispar were tested. Each sample was analyzed in wells with 5 μl and 2 μl of template in 

order to see if dilution of the template would affect the results. 
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2.8 Evaluation of DNA extraction 
Prior to a real time-PCR analysis, the nucleic acids have to be extracted from the sample material. 

The aim is to extract the DNA with a procedure that achieves a high yield of DNA and leaves a 

minimal amount of inhibitors in the eluate. The eluate is the solution that will later be added to the 

wells of the 96-well reaction plates. Therefore it is essential that the template is as concentrated and 

as clean as possible. Samples from faeces need to be pretreated with a Bullet blender instrument 

prior to DNA extraction. The Bullet blender mechanically breaks up the cysts. Once the Bullet blender 

pretreatment is completed, proteinase K and buffer is added to the supernatant obtained from the 

Bullet blender.  

An extraction evaluation experiment was designed with the aim to compare different extraction 

techniques for faeces at SMI. The extraction techniques are: 

 Manual DNA extraction using the QIAmp DNA Mini Kit and tissue protocol from Qiagen  

 Automatic DNA extraction using the Biorobot M48, MagAttract DNA Mini M48 Kit and tissue  

protocol from Qiagen 

 Automatic DNA extraction using the EZ1 Advanced, virus kit and bacteria protocol from 

Qiagen 

A preliminary evaluation of EZ1 Advanced using the current kit and protocol was performed. If the 

results proved promising, then other kits and protocols could be evaluated. 

With regard to the efficiency of the analyzing procedure of the new methods, it is most favorable to 

use automatic DNA extraction. The three techniques all have advantages, as well as disadvantages. 

The Biorobot M48 is currently used in other diagnostic methods at SMI. It can process 48 samples per 

run and the procedure is less time-consuming than manual extraction. EZ1 Advanced operates at a 

higher rate than the Biorobot M48. However, it can only process 6 samples at a time. 

It would be desirable to use the same DNA extraction method for as many methods as possible.  

Therefore, if the extraction result of the Biorobot M48 would prove to be of sufficient quality, it 

would be preferred to include this extraction technique in the new method. The S. stercoralis and 

Entamoeba samples could then be extracted during the same run and with the same protocol as 

samples containing other pathogens. 

Manual extraction generally gives a high DNA yield, but the procedure is time consuming. Therefore, 

the intention is to use manual extraction only if the evaluation of the automatic extraction methods 

gives a poor result. If automatic extraction is possible, more time is available for other diagnostic 

tasks and the efficiency of the diagnostic operation is improved. 

In order to be able to compare the three extraction techniques, an experiment was designed with 

the aim to elute approximately the same amount of E. dispar cysts from each DNA extraction. The 

reason for extracting cysts of E. dispar during the evaluation was made since it is more difficult to 

mechanically break up cyst walls than to break up the cells of trophozoites and larvae. The setup of 

the experiment is illustrated in Figure 7. As mentioned previously in section 2.5, an estimation of the 

amount of cysts present in an extracted sample of E. dispar was made by taking equal volumes of 

ethanol-fixed faeces to DNA extraction and microscopy respectively. 50 µl of the supernatant 

obtained after pretreatment went through manual extraction. The same volume was extracted using 
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the Biorobot M48. 100 µl of supernatant was extracted with the EZ1 Advanced. The elution volume 

of all DNA extractions was set to 100 µl. 

 

 

 

Figure 7 - The design of the extraction experiment with the aim to compare the three extraction techniques previously 
mentioned.  
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Pretreatment with Bullet 
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50 µl supernatant (52.5 cysts) + 
proteinase K and AL buffer = 420 µl 
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Manual extraction 

52.5 cysts eluted in 100 µl 
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proteinase K and G2 buffer = 220 µl 

In-volume to Biorobot M48 
extraction: 220 µl 

Biorobot M48 extraction 

52.5 cysts eluted in 100 µl 

100 µl supernatant (104.9 cysts) + 
proteinase K and AL buffer = 420 µl 

In-volume to EZ1 Advanced 
extraction: 200 µl 

EZ1 Advanced extraction 

50 cysts eluted in 100 µl 
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3. Results 

3.1 Primers and probes 
The choice of fluorescent molecule attached to the TaqMan probes was FAM. Initially it was 

preferred if the TaqMan probes were not designed with Minor Groove Binding molecules (MGB) as 

quenchers. This was due to the high cost. Black hole quencher molecules (BHQ) were to be used 

instead. Primers and probe systems were designed using SmiDesigner and AlleleID. Published primers 

and probe systems were also analyzed in CLC Main Workbench and SmiDesigner. 

The primer/probe systems were tested in real-time PCR experiments with template from their target 

organisms.   

3.1.1 Primers and probes for S. stercoralis 

A new primer and probe system specific for S. stercoralis was designed and compared with a 

published system (Verweij et al in 2009). The results showed that the published system gave a 

stronger signal than the designed system. The best system was chosen for further optimization. The 

sequences of the chosen primer/probe system specific for S. stercoralis are shown below in Table 5. 

Oligonucleotide type Denotation Sequence 5’-3’ 

Forward primer Stro18S-1530F GAATTCCAAGTAAACGTAAGTCATTAGC 

Reverse primer Stro18S-1630R TGCCTCTGGATATTGCTCAGTTC 

Probe (FAM-BHQ) Stro18S-1586 ACACACCGGCCGTCGCTGC 
Table 5 – The primers and probe optimized for the S. stercoralis method. 

 

3.1.2 Primers and probes for the Entamoeba species 

Five new primer and probe systems were designed targeting the 18S rRNA gene sequence of the 

following Entamoeba species: 

 E. histolytica 

 E. dispar 

 E. moshkovskii 

 E. polecki 

 Entamoeba species 

When testing these systems in initial experiments, weak signals were obtained. The Entamoeba 

species system gave a stronger signal than the others, although it was still rather weak. When 

investigating the Tm of the primers and probes more thoroughly in theory, it was found that it was 

lower than expected. A decision was made to repeat the experiment with the Quanta PerteCTA 

multiplex mastermix instead of the TaqMan Universal PCR Mastermix. The result was improved and 

stronger signals were obtained. However, for the diagnostic operation it would be more useful to 

develop a method that can work satisfactorily with the master mix from Applied Biosystems to 

promote standardization. Therefore, more work was dedicated to finding primer and probe systems 

for the Entamoeba method that could work better with this master mix. 

A new alignment with E. histolytica and E. dispar sequences was constructed. This alignment 

contained sequences that had been obtained when E. dispar had previously been sequenced at SMI, 
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as well as sequences acquired from genome databases for Entamoeba. One observation that could 

be made during the bioinformatics work was that the sequences for E. dispar were quite 

homogenous even though some variation between strains occurred. However, among the strains of 

E. histolytica there was greater variation. Not many regions contained enough single nucleotide 

polymorphisms for designing a system that would in theory be likely to discriminate efficiently 

between these two species. In the region with the most variation it was hard to design primers 

according to the design guidelines previously mentioned in section 1.2.8. The attempts to design 

probes with the right Tm without MGB molecules as quenchers were not successful. Since published 

primer and probe systems with TaqMan MGB probes for E. dispar and E. histolytica had been found 

during the literature study, a decision was made to test these systems. The forward-and reverse 

primers of the E. histolytica specific system and the E. dispar specific system were the same (denoted 

Ehd-239F and Ehd-88R), but the probes were different (denoted Histolytica-96T and Dispar-96T). The 

oligonucleotides were originally designed by Verweij et al in 2004. 

However, when the position of the primers and probe were mapped along the 18S rRNA sequences it 

was apparent that the E. histolytica system may not be specific for some of the E. histolytica strains 

in the alignment since the forward primer mismatched at certain positions. Therefore, a new forward 

primer specific for all strains was designed with SmiDesigner. This forward primer was given the 

name HDF. The Tm of all primers and probes were verified with the software Primer Express from Life 

Technologies.  

An image of the alignment of E. histolytica and E. dispar sequences is shown below in Figure 8. The 

alignment was constructed in the software CLC Main Workbench. The position of the forward primer 

Ehd-239F is highlighted. The sequences with the annotation KU27 and KU48 are not homologous 

with the forward primer at all positions. 
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Figure 8 – Alignment of E. histolytica and E. dispar 18S rRNA sequences showing the position of the forward primer Ehd-
239F. The primer is highlighted in blue. 

 

The oligonucleotides Ehd-239F, Ehd-88R, Dispar-96T and Histolytica-96T were originally published by 

Verweij et al in 2004. The forward primer HDF was designed using SmiDesigner during this study. 

The oligonucleotides ordered for the E. histolytica systems and the E. dispar systems are listed below 

in Table 6.  

Oligonucleotide type Denotation Sequence 5’-3’ 

Forward primer Ehd-239F ATTGTCGTGGCATCCTAACTCA 

Forward primer HDF Not shown 

Reverse primer Ehd-88R GCGGACGGCTCATTATAACA 

Probe (FAM-MGB) Histolytica-96T TCATTGAATGAATTGGCCATTT 

Probe (FAM-MGB) Dispar-96T TTACTTACATAAATTGGCCACTTTG 
Table 6 - Primers and probe specific for E. histolytica that went through optimization. 
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Table 7 shows which oligonucleotides the two systems for E. histolytica and the two systems for E. 

dispar consist of. 

 

System Forward primer Reverse primer Probe 

E. histolytica specific 
system published by 
Verweij et al in 2004 

Ehd-239F Ehd-88R Histolytica-96T 

E. histolytica specific 
system adapted by 
SMI 

HDF Ehd-88R Histolytica-96T 

E. dispar specific 
system published by 
Verweij et al in 2004 

Ehd-239F Ehd-88R Dispar-96T 

E. dispar specific 
system adapted by 
SMI 

HDF Ehd-88R Dispar-96T 

Table 7 – The forward primers, reverse primers and probes of the two systems targeting E. histiolytica and the two 
systems targeting E. dispar. 

 

3.2 Optimization of the PCR 
 

3.2.1 Optimal primer concentrations 

The optimization of forward- and reverse primer concentrations was carried out according to the 

instructions of the TaqMan Universal PCR Master Mix protocol (Applied Biosystems, 2010, 25). When 

the run on StepOnePlus was complete, the lowest mean Cq value that resulted in maximum ΔRn was 

identified. In the primer optimization experiment for S. stercoralis, the lowest mean CT value and 

maximum ΔRn was observed at the 300/900 nM forward/reverse-primer concentration. This was 

chosen as the optimal primer concentration, and in the next experiment – probe optimizations – 

these primer concentrations were used. The primer concentrations of the two E. histolytica specific 

systems and the two E. dispar specific systems mentioned in Table 6 were optimized in the same 

manner. 

3.2.2 Optimal probe concentrations 

The optimization of probe concentration was carried out according to the instructions of the TaqMan 

Universal PCR Master Mix protocol (Applied Biosystems, 2010). In the case of the S. stercoralis 

method, the optimal primer concentrations determined in the previous experiment, 300/900 nM 

forward/reverse primer, were used. The plate was set up with triplicates of each probe 

concentration. The data was analyzed when the run on StepOnePlus was completed. The threshold 

and baseline was manually set and the conclusion of the probe optimization for S. stercoralis was 

that a concentration of 250 nM probe gave the maximum ΔRn and the lowest Cq value. Figure 9 

shows the amplification at the different probe concentrations. The probe concentration of the 

systems specific for the Entamoeba species was optimized in the same manner. 
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50 nM

100 nM

150 nM

200 nM

250 nM

 

Figure 9 - Linear amplification plot showing curves of all tested probe concentrations for the S. stercoralis method. 

 

A summary of the optimized systems can be viewed in Table 8. 

 

 S. stercoralis 
system 

Verweij’s 
E. histolytica 
system 

E. histolytica 
system 
adapted by 
SMI 

Verweij’s E. 
dispar 
system 

E. dispar 
system 
adapted by 
SMI 

Forward primer 
concentration  

300 nM 900 nM 900 nM 300 nM 900 nM 

Reverse primer 
concentration 

900 nM 900 nM 900 nM 900 nM 900 nM 

Probe 
concentration 

250 nM 200 nM 200 nM 200 nM 200 nM 

Table 8 – Summary of the optimal primer and probe concentrations of all optimized systems. 

  

3.3 Analytical specificity 
Exclusivity experiments were performed to investigate if the assays were specific for the target 

organisms. In the case of the S. stercoralis method, the aim was to determine that the assay did not 

amplify template from the related nematodes Ascaris lumbricoides, Trichuris trichiura and 

hookworm. The data analysis after the completed experiment on StepOnePlus showed that Cq values 

for all wells containing Ascaris lumbricoides, Trichuris trichuria and hookworm were undetermined.  
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The analytical specificity for Verweij’s E. histolytica system and SMI’s adapted E. histolytica system 

was analyzed. The results showed that there was no FAM signal from any samples except from the 

positive controls in both cases. A sample that was previously negative with gel-based traditional PCR 

was very inhibited. To assure that this sample was indeed negative it was diluted and analyzed again. 

A repeat analysis with traditional gel-based PCR was also performed. Both results confirmed that it 

was a negative sample. The non-diluted samples often proved to be inhibited. By diluting the 

samples, the inhibitor molecules were also diluted. This resulted in less inhibition. 

In the analytical specificity experiment for Verweij’s E. dispar system and SMI’s adapted E. dispar 

system, the samples containing large amounts of E. histolytica DNA resulted in curves with a 

characteristic shape shown in Figure 10. Some of the curves from E. histolytica came close to the 

threshold, but most remained underneath it. 

 

Figure 10 – A logarithmic amplification plot. The two lowest curves are caused by E. histolytica. The curves of E. dispar 
are above the threshold. 

 

3.4 Analytical sensitivity 
The result of the analytical sensitivity experiment for S. stercoralis showed that Cq values were 

obtained at each dilution. Since DNA template of S. stercoralis from each of the nine dilutions could 

be amplified, the limit of detection was not reached in this experiment. However, as the method was 

able to detect an estimated 0.004 larvae/µl, it was decided that no further dilutions of template 

should be carried out in order to reach LOD as the method had already proven to be very sensitive. 

Figure 11 shows an amplification plot of dilution series A. The linear amplification plot of dilution 

series A can be viewed in Figure 12. 
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Figure 11 – A logarithmic amplification plot showing the amplification curves of each dilution in three dilution series. 

 

Figure 12 – A linear amplification plot showing the amplification curves of dilution series A. 

In contrast to the S. stercoralis method, the analytical sensitivity experiment of E. histolytica did 

reach LOD. The result of the real-time PCR run with Verweij’s E. histolytica system is summarized in 

Table 9. Cq values were obtained for dilution 1-5, while all analyzed replicates of dilution 6-9 were 

undetermined. The method is able to detect approximately 0.0025 trophozoites per μl of eluated 

DNA. However it is not sensitive enough to detect 0.0004 trophozoites per μl. The result suggests 

that the LOD is between 0.0004 and 0.0025 trophozoites per μl of extracted DNA. 
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Solution 
no. 

Dilution 
factor relative 
to the 
extracted 
solution 

Mean Cq  of 
dilution series 
A 

Mean Cq  of 
dilution series 
B 

Mean Cq of 
dilution series 
C 

Trophozoites 
per μl 

1 1:1000 25,87 25,57 25,67 0,4 

2 1:10000 29,20 29,00 28,97 0,04 

3 1:40000 31,60 31,37 31,27 0,01 

4 1:100000 33,90 33,03 34,67 0,004 

5 1:160000 36,40 34,97 35,93 0,0025 

6 1:1000000 Undetermined Undetermined Undetermined 0,0004 

7 1:4000000 Undetermined Undetermined Undetermined 0,0001 

8 1:10000000 Undetermined Undetermined Undetermined 0,00004 

9 1:40000000 Undetermined Undetermined Undetermined 0,00001 
 

Table 9 – The mean Cq values of each dilution in the three dilution series of E. histolytica template. Verweij’s E. histolytica 
system can detect 0,0025 trophozoites/μl, but not 0,0004 trophozoites/ul. 

 

The real-time PCR result for SMI’s adapted E. histolytica system is summarized in Table 10. Cq values 

were obtained for dilution 1-6 and all analyzed replicates of dilution 7-9 were undetermined. The 

system is able to detect approximately 0.0004 trophozoites per μl of eluated DNA. It is not sensitive 

enough to detect 0.0001 trophozoites per μl. The result suggests that the LOD is between 0.0001 and 

0.0004 trophozoites per μl of extracted DNA. 

Solution 
no. 

Dilution 
factor 
relative to 
the extracted 
solution 

Mean Cq  of 
dilution series 
A 

Mean Cq  of 
dilution series 
B 

Mean Cq  of 
dilution series 
C 

Trophozoites 
per μl 

1 1:1000 26,50 26,33 25,83 0,4 

2 1:10000 30,33 30,20 29,90 0,04 

3 1:40000 32,83 32,30 32,30 0,01 

4 1:100000 34,17 33,33 33,87 0,004 

5 1:160000 34,67 34,53 34,60 0,0025 

6 1:1000000 38,00 37,40 37,27 0,0004 

7 1:4000000 Undetermined Undetermined Undetermined 0,0001 

8 1:10000000 Undetermined Undetermined Undetermined 0,00004 

9 1:40000000 Undetermined Undetermined Undetermined 0,00001 
 

Table 10 – The mean Cq values of each dilution in the three dilution series of E. histolytica template. SMI’s adapted E. 
histolytica-system can detect 0,0025 trophozoites/μl, but not 0,0004 trophozoites/ul. 

 

Dilution series of E. dispar template was prepared according to Table 11 below. All replicates were 

positive. Since LOD had not been reached, the E. dispar template was diluted again. The three most 

diluted solutions A7, A8 and A9 were included in the new dilution series. The result of the analytical 

sensitivity experiment for Verweij’s E. dispar system and SMI’s adapted E. dispar system is 

summarized in Table 12.  
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Solution 
no. 

Dilution 
factor relative 

to the 
extracted 
solution 

Result for 
Verweij’s 

system 

Result for 
SMI’s adapted 

system 

Cysts per μl 

A1 1:8 Positive Positive 0,019675 

A2 1:16 Positive Positive 0,0098 

A3 1:32 Positive Positive 0,0049 

A4 1:64 Positive Positive 0,00246 

A5 1:128 Positive Positive 0,00123 

A6 1:256 Positive Positive 0,00061 

A7 1:512 Positive Positive 0,00031 

A8 1:1024 Positive Positive 0,000154 

A9 1:2048 Positive Positive 0,0000768 
Table 11 – Dilution series originally prepared for determination of LOD. All replicates of all dilutions were positive. 

 All replicates for Verweij’s E. dispar system were positive for dilution A9 containing an estimated 

0,0000768 cysts per µl. In the case of SMI’s adapted system, all replicates were positive for dilution 

A8 containing an estimated 0,000154 cysts per µl. 

Solution 
no. 

Dilution 
factor relative 

to the 
extracted 
solution 

Mean Cq for 
Verweij’s 

system 

Mean Cq for 
SMI’s adapted 

system 

Cysts per μl 

A7 1:512 37,1 37,9 0,00031 

A8 1:1024 37,6 39,2 0,000154 

A9 1:2048 38,4 39,9 0,0000768 

A10 1:4096 39,0 Undetermined 0,00003875 

A11 1:8192 39,4 Undetermined 0,0000194 

A12 1:16384 Undetermined Undetermined 0,00000969 

A13 1:32768 Undetermined Undetermined 0,00000484 

A14 1:65536 Undetermined Undetermined 0,00000242 

A15 1:131072 Undetermined Undetermined 0,00000121 
Table 12 – The mean Cq values of each dilution in the dilution series of E. dispar template. Verweij’s E. dispar-system can 

detect an estimated 0,0000768 cysts/μl. SMI’s adapted system can detect an estimated 0,000154 cysts/μl. 

 

.  
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3.5 Accuracy 
An experiment for comparison of methods for the new real-time PCR method and the traditional gel-

based PCR for differentiation between E. histolytica and E. dispar was performed. The accuracy of the 

two E. histolytica systems and the two E. dispar systems were tested. Each sample was analyzed in 

wells with 5 μl and 2 μl of template added. An important observation from this experiment was that 

the reactions in the wells with 5 μl of template often proved to be inhibited when analyzing the IPC 

and in some cases positive signals were only obtained for the wells with 2 μl. However, for some 

samples with less inhibition signals were only obtained in wells with 5 μl. The conclusion is that it is 

important to analyze samples with the standard amount of template, 5 μl, as well as 2 μl. Two of the 

E. histolytica positive samples gave no signal when Verweij’s E. histolytica and E. dispar systems were 

tested. The traditional gel-based PCR had determined them as positive. The two systems for E. dispar 

and the two E. histolytica systems showed equivalent accuracy. 

 

3.6 Amplification efficiency 
The prepared dilution series for LOD were used to calculate the amplification efficiency of the assays. 

Once the real-time PCR run of the dilution series was complete, this calculation could be performed 

within the StepOne software by constructing a standard curve and determining the curve’s slope. In 

order for the program to be able to make this calculation, the number of gene copies present in each 

standard curve well had to be given as input. 

The calculated amplification efficiency of the three dilution series of S. stercoralis template is shown 

in Table 13. The average efficiency is 95.1%. Using the value of the slope determined by the software, 

the efficiency was also calculated using the formula below. The values proved to be correct. 

                        ( )   (  
(
  
     

)
)    

 

 Dilution series A Dilution series B Dilution series C 

Amplification 
efficiency 

93.7 % 96.1% 95.6% 

Table 13 – Summary of the amplification efficiency for each dilution series of S. stercoralis template. 

 

The amplification efficiency for the E. histolytica and E. dispar could not be determined during this 

project due to the limited amount of time. 
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3.7 Preliminary evaluation of extraction methods 
In the preliminary evaluation experiment the following techniques for DNA extraction from faeces 

were investigated.  

 Manual DNA extraction using the QIAmp DNA Mini Kit and tissue protocol from Qiagen  

 Automatic DNA extraction using the Biorobot M48, MagAttract DNA Mini M48 Kit and tissue  

protocol from Qiagen 

 Automatic DNA extraction using the EZ1 Advanced, virus kit and bacteria protocol from 

Qiagen 

Table 14 summarizes the Cq values obtained from the experiment. Only one manually extracted 

sample was analyzed because of the limited amount of supernatant available. As the sample material 

faeces is known to contain inhibitors, it is interesting to compare the VIC Cq values of the IPC for the 

negative control, which was 27,69, and the samples to see if the amplification of the samples is 

inhibited. The observation that could be made was that the reactions had not been inhibited to a 

large extent. However the fluorescence signals of the samples extracted with EZ1 and M48 were 

quite low. The strongest signals and lowest Cq values were obtained from manually extracted 

samples as expected.  

 

Sample FAM mean 
Cq-values 

VIC mean Cq-
value 

Sample 1 manual extraction   30,2 29,2 

Sample 1 EZ1 extraction  31,4 27,9 

Sample 2 EZ1 extraction 37,0 28,1 

Sample 3 EZ1 extraction 32,9 33,6 

Sample 1 M48 extraction 35,6 28 

Sample 2 M48 extraction 36,0 28 

Sample 3 M48 extraction  35,7 28 
Table 14 -  Mean Cq-values for FAM showing the amplification of the target organism E. dispar and Cq values for VIC 

showing amplification of the internal positive control. 
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4. Discussion 
 

In this master thesis the aim was to set up diagnostic methods for the detection of S. stercoralis and 

species of Entamoeba. The guidelines for development of a new molecular method established by 

the molecular project at SMI were validated. The project was commissioned by the diagnostic unit at 

the Swedish Institute for Infectious Disease Control. The purpose was to enable rapid diagnosis of S. 

stercoralis in faecal specimens, as well as to set up a real-time PCR method for detection of 

Entamoeba species so that a transfer from traditional PCR to real-time PCR may be possible in future. 

This would contribute to a more efficient and less time-consuming diagnostic procedure. An accurate 

diagnosis will help physicians to give patients correct prescriptions and not treat E. dispar infected 

patients for E. histolytica. The real-time PCR method for S. stercoralis would provide an improved 

preparedness at SMI when physicians suspect infection with this parasite, as mentioned in section 

1.1.  

4.1 Acquiring of primers and probes 

 
The acquiring of specific primers and probes for detection of these species required a thorough 

investigation of target sequences for each organism.  As mentioned in section 3.1.1, a system specific 

for S. stercoralis published by Verweij et al in 2009 gave a stronger signal (a greater ∆Rn) in the initial 

experiments compared with the designed system. Therefore, the published system was optimized. 

The primer- and probe systems that were initially designed for E. hisolytica, E. dispar, E. moshkovskii, 

E. polecki and Entamoeba species were not optimal with the desired PCR program. The PCR program 

described in section 2.1 requires the primers to have an annealing temperature of approximately 

60°C. All primer design software and manufacturers of oligonucleotides do not use the same 

algorithms for calculating Tm. The low annealing temperature of the designed primer-and probe 

systems could have been discovered earlier if the theoretical annealing temperatures had been more 

thoroughly investigated. The fact that the 18S rRNA target sequences of E. histolytica and E. dispar 

are very similar complicated the design. For E. histolytica and E. dispar respectively, published 

systems by Verweij et al in 2004 were acquired. Since the result of the bioinformatics study 

presented in section 3.1.2 showed that the forward primer of the system had mismatches with some 

of the E. histolytica sequences in the constructed alignment, a new forward primer denoted HDF was 

designed. The new primer was designed with the aim to cover more E. histolytica variants. Since SMI 

had no supply of these specific strains it could not be determined in vitro within this project whether 

the adapted systems were indeed more specific for these strains. This is something that could be 

investigated in future if the strains were acquired.  

Once primer and probe systems that were compatible with the desired PCR program and master mix 

had been acquired, all systems were optimized. The aim of primer and probe concentration 

optimization is to determine the minimum primer concentrations resulting in the maximum ΔRn and 

the lowest Cq value (Applied Biosystems, 2010). For improved standardization, the optimized 

methods could be evaluated for use of the same primer and probe concentrations as other real-time 

PCR methods at SMI.  
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It was unclear whether TaqMan-probes could really discriminate sufficiently between the closely 

related organisms E. histolytica and E. dispar as the difference in sequence was only single nucleotide 

polymorphisms (SNPs). Designing a primer- and probe system that was able to detect all species of 

Entamoeba was also considered at the beginning of the thesis work. This approach would mean that 

if the real-time PCR assay gave a positive result, the Entamoeba DNA would be sequenced.  

4.2 The optimized system for S. stercoralis 
The optimization of primers and probe showed that there is a lot of variation in signal strength and 

Cq values depending on the concentrations. The impact of the probe concentration is illustrated in 

Figure 9. As mentioned in section 3.3, the system did not show any amplification of related species 

when analytical specificity was analyzed, and it can therefore be said to be specific for S. stercoralis. 

The results from the analytical sensitivity experiment presented in section 3.4 showed that the S. 

stercoralis method was able to detect an estimated 0.004 larvae/µl of extracted DNA. The 

amplification efficiency was determined to 95.1% based on three dilutions series. The optimization of 

this method was successful and the method is ready for validation with a more in depth investigation 

of analytical specificity, sensitivity and amplification efficiency prior to implementation.  

4.3 The optimized systems for E. histolytica and E. dispar 
In the analytical specificity experiment for Verweij’s E. histolytica specific system as well as SMI’s 

adapted E. histolytica system described in section 3.3, there was no FAM signal from any samples 

except the positive control. The conclusion is that this system is specific for E. histolytica. In order to 

verify that it is indeed specific more samples would have to be tested. A continuous testing and 

evaluation of the specificity is recommended including comparison of results with other laboratories. 

An important conclusion from the accuracy experiment is that it is necessary to analyze both non-

diluted and diluted samples, as the non-diluted samples often showed inhibition. The two systems 

for E. dispar and the two E. histolytica systems showed equivalent accuracy. Two samples positive for 

E. histolytica gave no signal when the two E. histolytica systems were tested. The result may improve 

when an optimization of DNA extraction for real-time PCR is performed. The aim is to obtain a higher 

yield of DNA and less inhibition. 

 The analytical sensitivity results in section 3.4 for Verweijs E. histolytica system suggests that LOD is 

between 0.0004 and 0.0025 trophozoites per μl. The result for SMI’s adapted E. histolytica system 

suggests that this system is more sensitive, and indicates that LOD lies somewhere between 0,0001 

and 0,0004  trophozoites per μl. The amplification efficiency of the E. histolytica systems could not be 

determined during this project due to the limited amount of time.  

The experiment for analytical sensitivity for Verweij’s E. dispar-system indicate that it is able to 

detect an estimated 0,0000768 cysts/μl, according to section 3.4. SMI’s adapted system can detect 

an estimated 0,000154 cysts/μl. Since an estimation of the number of cysts present in the sample 

that was extracted in this experiment is difficult to make, these results may not be reliable. In order 

to confirm the LOD for E. dispar, repeated experiments should be carried out. 

The analytical specificity of Verweij’s E. dispar system and SMI’s adapted E. dispar system showed 

weak FAM signals from E. histolytica with characteristically shaped curves shown in Figure 10. If 

samples are always analyzed with the E. histolytica specific system as well as the E. dispar specific 

system, a sample positive for E. histolytica would be confirmed positive by the E. histolytica specific 
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system. With the knowledge of the appearance of the curves that can occur from E. histolytica 

template in the E. dispar mastermix, a correct interpretation during a manual examination of the 

results if a sample is positive for both E. histolytica and E. dispar could be made. Automatic 

interpretation of result data would be time-saving and increase standardization. If a program for 

automatic evaluation of real-time PCR results is implemented in future, manual examination is 

recommended when positive results are obtained from both systems.  

The amplification efficiency of the E. dispar systems was not determined during this project. The 

recommendation is that the amplification efficiency of all E. histolytica and E. dispar specific systems 

is determined. This may decide which of the otherwise comparable E. histolytica and E. dispar 

systems is superior. After choosing a system for detection of each species, the methods are 

recommended to be validated and implemented in the diagnostic operation.  

4.4 Preliminary evaluation of extraction methods 
Three different techniques of extraction for nucleic acids were compared: manual extraction, 

automatic extraction with the Biorobot M48 and EZ1. A complete evaluation of nucleic acid 

extraction methods requires a longer time than this project allowed. During this master thesis, a 

preliminary evaluation of three different extraction techniques was performed. In the experiment, E. 

dispar cysts were extracted from faecal samples. The results presented in section 3.7 indicate that 

manual extraction gives the best results. Results were obtained with the EZ1 Advanced equipped 

with a virus kit and bacteria protocol. The results were not optimal, so other kits and protocols could 

be evaluated in future. Extraction on the Biorobot M48 proved unsatisfactory with weak signals and 

high Cq values. The fact that a protocol that was not optimal for DNA extraction from faeces was used 

may explain the result. 

 A larger study with more samples would give a more reliable result on whether automatic extraction 

of nucleic acids from faecal samples containing E. dispar cysts can give an equal or superior result to 

manual extraction. Optimization of sample volume, pretreatment and extraction protocols should be 

included in a larger study. 

5. Conclusion and future recommendations 
 

In conclusion, specific primer and probe systems for the detection of the parasite S. stercoralis and 

differentiation between the pathogenic amoeba E. histolytica and the apathogenic amoeba E. dispar 

were established and optimized for use with reagents utilized in real-time PCR methods currently 

performed at SMI. It was essential that the systems were compatible with the instrument, master 

mix, IPC and PCR program of the other real-time PCR methods as it would enable samples suspected 

positive for these organisms to be analyzed on the same 96 well plate as other samples. This would 

provide improved efficiency and harmonization to the diagnostic operation. 

The results obtained during the optimization of the S. stercoralis method showed that the primer and 

probe system is compatible with the desired instrument, reagents and PCR program. The 

recommendation is that these results should be validated before implementation is initiated. 

The systems specific for E. dispar and E. histolytica also proved to be compatible with the desired PCR 

program and reagents. The species specific systems published by Verweij et al in 2004 and the 
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systems adapted by SMI differed slightly in LOD according to the results in section 3.4, but no system 

appeared to be much superior to the other. The amplification efficiency was not determined due to 

the limited time of the thesis work. This parameter may be able to indicate which system is superior. 

If the performance of SMI’s adapted systems is not significantly inferior to Verweij’s systems it may 

be advantageous to choose the adapted systems. SMI’s adapted systems are, according to the in 

silico analysis, more specific for certain strains of E. histolytica. It is favorable for a diagnostic 

operation to have coverage of as many variants of organisms as possible. Therefore, it is 

recommended to implement SMI’s adapted systems. 

The analytical specificity experiment indicated that E. histolytica template may be able to cause false 

positive signals for E. dispar. With the knowledge of the characteristic appearance of these curves as 

well as results for analysis with both species specific systems, an accurate diagnosis may be able to 

be given despite this issue. Further optimization of primers and probe concentrations, as well as an 

accuracy study with samples of known content, could be performed in order to investigate if the 

method is reliable enough for implementation in the diagnostic operation. If the result of the 

investigation is not satisfactory, sequencing may be an alternative to discrimination between species 

with TaqMan probes.  

The parts of SMI’s process for development of a new molecular method that could be performed 

during the time limit of this thesis work have been validated. 

Future recommendations: 

 To perform a validation and subsequent implementation of the optimized real-time PCR 

method for detection of S. stercoralis. 

 To perform a validation of the optimized real-time PCR method for differentiation between 

E. histolytica and E. dispar. 

 To perform an optimization of DNA extraction methods. 

 To consider development of a program for automatic data analysis of results obtained from 

the E. histolytica and E. dispar methods. Manual interpretation of the results is 

recommended when positive results are obtained from both systems. 
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