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The main activities of the MolDia unit are developing 
new diagnostic tests and strategies for individual as well 
as population-wide diagnosis of a broad spectrum of in-
fectious diseases, based on the latest knowledge and 
advanced genomics and proteomics techniques. We pro-
vide genotyping services both within the STI and exter-
nally.

Diagnostic services

The unit provides molecular diagnostic services for the 
STI-MEDDIA Department, handling patient samples that 
come from all over Europe. Accredited tests are offered 
for differentiating species using polymerase chain reac-
tion (PCR), namely, Entamoeba, Plasmodium and Leish-
mania. The performance of our P. falciparum PCR assays 
was compared with results from other diagnostic labora-
tories in a World Health Organization (WHO) collabora-
tive study to harmonise results for detection and quanti-
fication of P. falciparum DNA by nucleic acid amplification 
technique (NAT)-based assays. Currently we are working 
on introducing quantitative PCR (qPCR) assays. New 
tests are continually being devised, such as PCR-based 
detection of Trypanosoma cruzi and food-borne trema-
todes. 

The unit also provides genotyping services commis-
sioned from external partners. The task most frequently 
requested in the last biennium was differentiating P. fal-
ciparum and P. vivax clones in samples from regulatory in 
vivo drug efficacy trials of antimalarials. PCR adjustment 
of cure rates based initially on blood slide microscopy 
and clinical assessment is now considered necessary 
because, particularly in areas of high malaria transmis-
sion, superinfection with additional parasites frequently 
occurs during trial follow-up lasting 28 days or longer. To-
wards the end of the treatment period, antimalarial drug 
levels can fall below curative levels, allowing any new 
infections emerging from the liver to establish them-
selves. Genotyping is carried out to distinguish recrudes-
cence from new infection, and PCR-corrected cure rates 
have become accepted as the endpoints for regulatory 
clinical trials and for antimalarial drug monitoring.

In an effort to harmonise genotyping procedures world-
wide, STI scientists have been developing in collabora-
tion with other specialised genotyping laboratories a 
number of recommendations and standard protocols 
published at the WHO, Medicines for Malaria Venture 
(MMV) and STI websites. 
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Developing new genotyping tools

PCR-based detection of food-borne trematodes

We have developed sensitive and specific diagnostic 
PCR tests for detecting and differentiating Opisthorchis 
viverrini and Haplorchis taichui. These tests were vali-

dated against purge results and applied in a molecular 
epidemiological field study conducted in Laos (see sec-
tion 9).

Real-time PCR for highly sensitive detection of  
P. falciparum in blood donations

As a potential screening test for Plasmodium parasites in 
blood donors, we have developed a highly sensitive and 
specific quantitiative PCR assay (qPCR) that is fast and 
robust. It detects all four Plasmodium species found in 
humans in addition to P. knowlesi, a parasite of primates 
also found occasionally in travellers from South-East 
Asia. Advantages of qPCR over standard nested PCR lies 
in the fully standardised protocol, safe handling with min-
imal risk of contamination and increased sensitivity and 
specificity by using a fluorescent dye-labelled specific 
probe as well as specific PCR primers. This generic Plas-
modium qPCR assay targets the 18S ribosomal RNA 
(rRNA) gene, which is present in the genome of Plasmo-
dia in several copies. The primers and probe were de-
signed from regions of the 18S rRNA gene that are con-
served among the four human Plasmodium species but 
differ substantially from homologue sequences in hu-
mans and other protozoan parasites detectable in blood. 
The detection limit of this qPCR assay was 50 parasites 
per millilitre of whole blood. This sensitivity is 100-fold 
superior to thick blood film.
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Developing diagnostic peptides for serological 
detection of helminthic infections
After an assembly of the Schistosoma mansoni genome  
was released in July 2006, and with the release of the 
annotated genome expected for 2008, a wealth of infor-
mation is now becoming available to researchers. Bio-
informatic screening of publicly available sequence data-
bases followed by peptide synthesis constitutes a new 
approach to identifying in silico a broad variety of poten-
tial diagnostic targets. Using structure and antigenicity 
predicting bioinformatic programmes we have selected 
288 peptides for chemical synthesis and determination 
of their immunological reactivity. Screening of these  
synthetic peptides is currently performed using a high-
troughput platform technology. Custom-made peptide 
microarrays are produced commercially. Thirty-amino  
acid long peptides are synthesised and spotted in dupli-
cate arrays of 96 peptides. Arrays are probed with im-
mune sera and Cy-5-labelled secondary antibodies and 
scanned in an Axon microarray scanner. GenePix Pro 
software is used to analyse and record the intensity of 
signals. Immunological screening with individual patient 
sera is carried out to prioritise and select the best candi-
dates for diagnostic peptides showing the highest sensi-
tivity and specificity. This pilot project aims at establish-
ing and validating the microarray platform for screening 
diagnostic targets. It will pave the way for further devel-
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opments in identifying highly specific diagnostic antigens 
also for other major human helminths. 

In collaboration with N. Müller, Institute of Parasitology, 
University of Bern, we carried out a selection of peptides 
for Echinococcus serological diagnosis. Peptide micro-
array screening  revealed a number of promising candi-
dates whose diagnostic potential is currently under eval-
uation. 
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Molecular monitoring tools for P. vivax 

P. vivax is the second most frequent cause of human 
malaria. While P. falciparum is dominant in large parts  
of Africa, P. vivax causes over 50% of all malaria cases 
outside Africa. In total, over 2.5 billion inhabitants of the 
Middle East, Asia, Eastern Africa, Central and South 

America, and Oceania are exposed to P. vivax, suffering 
an estimated 71–390 million cases per year. In these  
areas P. vivax causes significant economic and societal 
damage. Moreover, there is increasing evidence that  
severe illness and death due to P. vivax may be more 
common than previously appreciated. Nevertheless, 
while considerable effort has been made in recent dec-
ades to understand and control P. falciparum, few re-
sources have been channelled into P. vivax vaccine and 
drug research and development. P. vivax may thus be the 
most common “neglected disease”. 

Many antimalarial interventions are accompanied by mo-
lecular monitoring of parasite infections, and a number of 
molecular typing techniques based on different polymor-
phic marker genes are currently being applied. We have 
developed a genotyping technique that provides a fast 
and precise means of studying P. vivax infection dynam-
ics that involves following individual clones over time. 
The method was tested with samples from an in vivo 
drug efficacy study. PCR fragments were sized using 
capillary electrophoresis to determine the extent of frag-
ment length polymorphism of seven potential genetic 
markers (five genes of merozoite surface proteins – msp 
– and two microsatellites) in 108 P. vivax-positive blood 
samples from three villages in Papua New Guinea.

Two fragments of msp1 showed the greatest diversity in 
the study area with 28 and 25 different alleles found, fol-
lowed by two microsatellites. msp3, msp4 and msp5 re-
vealed limited polymorphism (see Figure 1). Even the 
most diverse markers showed allele frequencies of up to 
16 or 24%. To reduce the theoretical probability of super-
infection with parasites having the same genetic charac-
teristics as parasites present at baseline, we propose to 
combine at least two markers for genotyping individual  
P. vivax infections.
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A new tool for molecular monitoring of  
HIV drug resistance
Genetic mutations in the target genes of anti-HIV drugs 
associated with viral drug resistance threaten the integ-
rity of any combination treatment, which is the standard 
of care for HIV patients. Key mutations thus need to be 
identified to enable adequate therapeutic decisions for 
individuals as well as populations. Genotypic analysis of 
the respective HIV genes provides information about the 
presence or absence of patterns of mutations that are 
known to be responsible for drug failure. These patterns 
can be shaped by patients’ previous antiretroviral therapy 
or by selection pressure on the viral population as well as 
by transmission of already drug-resistant HIV variants. 

In 2006, as a feasibility study, we began to develop a 
prototype version of a microarray for typing point muta-

Figure 1: Allelic frequencies of six different molecular markers  
for genotyping P. vivax. Blood samples derive from cross-sectional 
surveys in three villages in Papua New Guinea.
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tions (single-nucleotide polymorphisms, or SNPs) in a 
gene called HIV reverse transcriptase (RT). The principle 
of the genotyping-on-chip concept was established and 
validated previously by researchers at the STI who devel-
oped a malaria chip to detect therapy resistance for cur-
rent antimalarials. By applying the same technology to 
genotype HIV, we aim to devise a low-cost genotyping 
method tailored for HIV mutations associated with 
antiretroviral failure, particularly for drugs available in re-
source-limited settings. Transfer of such a tool would 
make it possible to identify at point of care the major 
molecular markers for resistance to the locally applied 
drugs. An affordable, reliable and sustainable technique 
specifically addresses needs of countries where costs of 
currently established laboratory techniques are beyond 
the scope of local health facilities. Our final goal is to 
transfer the technology from Basel to the Ifakara Health 
Research and Development Center (now Ifakara Health 
Institute), Tanzania, and later to other interested parties. 

Validation of genotyping on microarray was done in  
collaboration with T. Klimkait, Institute of Medical Micro-
biology, University of Basel. Our HIV chip currently pro-
vides data on 20 SNPs that are associated with drug  
resistance. We plan to upgrade the existing prototype 
chip to cover more mutations in the RT gene by specifi-
cally targeting sequences of the A, C and D subtypes of 
HIV-1, the predominant subtypes in Tanzania. These 
SNPs will cover resistance mutations to all five first-line 
drugs used within the Tanzanian National AIDS Control 
Programme. We plan to further extend the HIV micoar-
ray to genotyping SNPs in the protease gene. 

Scientists:	 I. Felger, M. Stöckle, C. Hatz, M. Tanner
Students:	 J. Gare, S. Zürcher
Collaboration:	 Institute of Medical Microbiology, University of Basel 

(T. Klimkait); Ifakara Health Institute (E. Mossdorf)
Funding:	 STI Seed Money, Stipendienkommission Basel-

Stadt

Publications 
Sections 1+2 Molecular Parasitology –  
Epidemiology and Molecular Diagnostics
Beck HP, Tetteh K (2008) Molecular Approaches to field studies of Malaria. Trends Parasitol  
(in press).

Crameri A, Marfurt J, Mugittu K, Maire N, Regos A, Coppee JY, Sismeiro O, Burki R, Huber 
E, Laubscher D, Puijalon O, Genton B, Felger I & Beck HP (2007) Rapidmicroarray-based 
method for monitoring of all currently known single-nucleotide polymorphisms associated with 
parasite resistance to antimalaria drugs. J Clin Microbiol 45, 3685–3691.

Falk N, Maire N, Sama W, Owusu-Agyei S, Smith T, Beck HP & Felger I (2006) Comparison 
of PCR-RFLP and genescan-based genotyping for analyzing infection dynamics of Plasmodium 
falciparum. Am J Trop Med Hyg 74, 944–950. 

Felger I, Beck HP (2008) Fitness costs of resistance to antimalarial drugs. Trends Parasitol  
(in press).

Flück C, Schoepflin S, Smith T, Genton B, Alpers MP, Beck HP & Felger I (2007) Effect of the 
malaria vaccine combination B on merozoite surface antigen 2 diversity. Infect Genet Evol 7, 
44–51.

Hodel EM, Marfurt J, Müller D, Rippert A, Borrmann S, Müller I, Reeder JC, Siba P, Genton B, 
& Beck HP (2008) Lack of multiple copies of pfmdr1 gene in Papua New Guinea. Trans R Soc 
Trop Med Hyg (in press).

Kaestli M, Cockburn IA, Cortés A, Baea K, Rowe JA & Beck HP (2006) Virulence of malaria is 
associated with differential expression of Plasmodium faciparum var gene subgroups in a case-
control study. J Infect Dis 193, 1567–1574. 

Kantele A, Marti H, Felger I, Müller D, Jokiranta TS (2008). Monkey malaria in a European 
Traveller returning from Malaysia. Emerg Infect Dis. Sep; 14 (9): 1434–1436.

Koepfli C, Müller I, Marfurt J, Goroti M, Sie A, Oa O, Genton B, Beck H-P, Felger I (2008) 
Evaluation of Plasmodium vivax genotyping markers for molecular monitoring in clinical trials. 
J Inf Dis (in press).

Luginbühl A, Nikolic M, Beck HP, Wahlgren M & Lutz HU (2007) Complement factor D, albumin 
and immunoglobulin G anti-band 3 protein antibodies mimic serum in promoting rosetting of 
malaria-infected red blood cells. Infect Immun 75, 1771–1777. 

Marfurt J, Monbrison FD, Brega S, Barbollat L, Mueller I, Sie A, Goroti M, Reeder JC, Beck HP, 
Picot S & Genton B (2008) Molecular markers of in vivo Plasmodium vivax resistance to amo-
diaquine plus sulfadoxine-pyrimethamine: mutations in pvdhfr and pvmdr1. J Infect Dis 198, 
409–417.

Marfurt J, Mueller I, Sie A, Maku P, Goroti M, Reeder JC, Beck HP & Genton B (2007) Low 
efficacy of amodiaquine or chloroquine plus sulfadoxine-pyrimethamine against Plasmodium 
falciparum and P. vivax malaria in Papua New Guinea. Am J Trop Med Hyg 77, 947–954.

Marfurt J, Mueller I, Sie A, Oa O, Reeder JC, Smith TA, Beck HP & Genton B (2008) The 
usefulness of twenty-four molecular markers in predicting treatment outcome with combina-
tion therapy of amodiaquine plus sulphadoxine-pyrimethamine against falciparum malaria in 
Papua New Guinea. Malar J 7, 61. 

Methods and techniques for clinical trials on antimalarial drug efficacy: genotyping to identify 
parasite population: informal consultation org. by MMV and cospons. by WHO, 29–31 May 
2007, Amsterdam, The Netherlands, chair: HP Beck, rapporteur: I Felger Geneva: WHO: 2008, 
43 p.

Mueller J, Ley S, Felger I, Hemphill A & Mueller N (2008) Identification of differentially ex-
pressed genes in a Giardia lamblia WB C6 clone resistant to nitazoxanide and metronidazole.  
J Antimicrob Chemother 62, 72–82.

Mugittu K, Genton B, Mshinda H & Beck HP (2006) Molecular monitoring of Plasmodium fal-
ciparum resistance to artemisinin in Tanzania. Malar J 5, 126.

Mugittu K, Priotto G, Guthman JP, Kiguli J, Adjuik M, Snounou G, Beck HP, Mshinda H, Olliaro 
PL & Taylor WRJ (2006) Molecular genotyping to distinguish between recrudescents and new 
infections in treatment trials of Plasmodium falciparum malaria conducted in sub-Saharan Afri-
ca: adjustment of parasitological outcomes and assessment of genotyping effectiveness. Trop 
Med Int Health 11, 1350–1359.

Mugittu K, Priotto G, Guthmann JP, Kiguli J, Adjuik M, Snounou G, Beck HP, Mshinda H, Olliaro 
PL & Taylor WR (2007) Molecular genotyping in a malaria treatment trial in Uganda – unex-
pected high rate of new infections within 2 weeks after treatment. Trop Med Int Health 12, 
219–223.

Rottmann M, Lavstsen T, Mugasa JP, Kaestli M, Jensen AT, Müller D, Theander T & Beck HP 
(2006) Differential expression of var gene groups is associated with morbidity caused by Plas-
modium falciparum infection in Tanzanian children. Infect Immun 74, 3904–3911.

Silué KD, Felger I, Utzinger J, Beck HP, Smith TA, Tanner M & N’Goran EK (2006) Prévalance, 
diversité antigénique et multiplicité d’infections de Plasmodium falciparum en milieu scolaire 
au centre de la Côte d’Ivoire. Méd Trop 66, 149–156. 

Schoepflin S, Marfurt J, Goroti M, Baisor M, Müller I & Felger I (2008) Heterogeneous distri-
bution of Plasmodium falciparum drug resistance haplotypes in subsets of the host population. 
Malar J 7, 78. 

Spielmann T, Gardiner DL, Beck HP, Trenholme KR & Kemp DJ (2006) Organization of 
ETRAMPs and EXP-1 at the parasite-host cell interface of malaria parasites. Mol Microbiol 59, 
779–794.

Spycher C, Rug M, Klonis N, Ferguson DJ, Cowman AF, Beck HP & Tilley L (2006) Genesis of 
and trafficking to the Maurer’s clefts of Plasmodium falciparum-infected erythrocytes. Mol Cell 
Biol 26, 4074–4085.

Spycher C, Rug M, Pachlatko E, Hanssen E, Ferguson D, Cowman AF, Tilley L & Beck HP 
(2008) The Maurer’s cleft protein MAHRP1 is essential for trafficking of PfEMP1 to the surface 
of Plasmodium falciparum-infected erythrocytes. Mol Microbiol 68, 1300–1314.

Villard V, Agak GW, Frank G, Jafarshad A, Servis C, Nebie I, Sirima SB, Felger I, Arevalo-Herre-
ra M, Herrera S, Heitz F, Backer V, Druilhe P, Kajava AV & Corradin G (2007) Rapid identification 
of malaria vaccine candidates based on alpha-helical coiled coil protein motif. PLoS One 2, 
e645.

Wentzinger K, Bopp S, Tenor H, Klar J, Brun R, Beck HP & Seebeck T (2008) Cyclic nucleotide-
specific phosphodiesterases of Plasmodium falciparum: PfPDEalpha, a non-essential cGMP-
specific PDE that is an integral membrane protein. Int J Parasitol (epub ahead of print).

016-018_Sektion_02.indd   18 13.11.2008   7:57:48




