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1. Leishmaniasis 
 

Leishmaniasis is caused by single cellular, heamoflagellate protozoan parasites of the genus 

Leishmania (family Trypanosomatidae). The parasites are transmitted by the bite of an 

infected female sand fly of the genus Phlebotomus and Lutzomyia. Leishmania infection 

can give rise to several distinct clinical manifestations, ranging from single to many large 

skin ulcers in case of cutaneous leishmaniasis (CL) to systemic disease (visceral 

leishmaniasis). This broad clinical spectrum indicates the complexity of leishmaniasis 

pathogenesis; around 20 Leishmania species are described as human pathogens and 31 

sandfly species as vectors of the disease.1 Figure 1 presents the most important Leishmania 

species. Geographically, the disease can be divided into Old World (Southern Europe, 

Africa, the Middle East, West and Central Asia) and New World (Southern USA to 

Northern Argentina) leishmaniasis.2 The two subgenera, Leishmania and Viannia, are 

discriminated on the basis of their position in the vector’s intestine, with Leishmania being 

present in both Old and New World, while Viannia is restricted to the New World.3 

Annual incidence is estimated at 1 - 1.5 million cases of CL and 500,000 cases of VL. 

The overall prevalence of leishmaniasis is 12 million cases and 350 million people from 88 

countries (from which 72 developing countries, and 13 belong to the least developed) are at 

risk of contracting the disease. In most countries the incidence numbers are probably highly 

underestimated, since many cases are not recognized and there is no obligation to report the 

disease.4 DALYs are calculated as the sum of the years of life lost due to premature 

mortality in the population and the years lost due to disability adjusted for severity. The 

disease burden expressed in Disability Adjusted Life Years (DALYs) is estimated at 

2,357,000 (946,000 for men and 1,410,000 for women).5  
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2. cutaneous leishmaniasis 
 

The most prevalent clinical manifestation of leishmaniasis is CL, and 90% of CL cases 

occur in seven countries: Afghanistan, Algeria, Brazil, Iran, Peru, Saudi Arabia and Syria.6 

The disease is characterized by one or more (nodular) ulcer(s) on exposed parts of the body 

and in some cases with the presence of nodules along the draining lymphatic vessels, so-

called nodular lymphangitis. Old World Leishmania species, as L. (L.) major and L.(L.) 

tropica often cause benign and self-limiting ulcers. New World species, as L. (V.) 

guyanensis, L. (V.) braziliensis or L. (L.) amazonensis, cause more variable manifestations, 

of which mucocutaneous (MCL) and diffuse or disseminated CL (DCL) are the most 

severe. MCL, also called espundia, leads to progressive and mutilating destruction of the 

nasopharynx and invasion of the respiratory tract and is mainly caused by L. (V.) 

braziliensis. It is estimated that between 2 to 10% of patients with CL due to L. (V.) 

braziliensis will develop MCL.7,8 DCL is a rare form of the disease and is associated with a 

defective, cell-mediated immune response to the Leishmania parasite, allowing 

uncontrolled propagation.9 The disease often occurs as isolated cases and has been 

encountered in Venezuela, the Dominican Republic, Brazil, Mexico, Bolivia, Colombia, 

Peru.10 In the New World the disease is mainly caused by L. (L.) amazonensis. So far, there 

is no effective treatment for DCL.11,12  

 

2.1. Increasing incidence 
 

CL is a growing public health problem worldwide. In some areas, there is a clear and 

disturbing increase in the number of cases (e.g. Brazil, Afghanistan, Colombia and Syria)13-

16, while in other areas new endemic foci are reported where the disease was not previously 

known to be endemic (e.g. Iran, Israel and Ghana).17-20 Also, in the three main regions, 

where the studies of this thesis were conducted, medical doctors are confronted with a 

rising increase of CL patients; i.e. in a non-endemic country (Amsterdam, The Netherlands) 

as well as in two endemic regions (Paramaribo, Suriname and Manaus, Brazil).  
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The increase in CL incidence is related to environmental and behavioral changes and 

individual risk factors: 

• Urbanization and deforestation. For example in Manaus, the disease was 

traditionally confined to rural areas, but in the last few years there is an increasing 

number of CL patients on the outskirts of urban zones, which were previously 

non-endemic areas; 

• Movement of non-immune persons (seasonal workers, refugees, travelers) to 

endemic regions. For example, Dutch forces on military mission in Afghanistan, 

travellers visiting South American countries and  Dutch citizens from Suriname 

origin visiting their family in Suriname; 

• Decline in social and economic circumstances in the poor suburbs of cities, where 

poor people concentrate due to massive rural-urban migration, facilitating 

outbreaks. For example, in Kabul in Afghanistan; 

• Inadequate vector or reservoir control; 

• Increased detection of CL associated with opportunistic infections (e.g., 

HIV/AIDS) or immuno-suppressive medications; 

• The emergence of anti-leishmanial drug resistance.   
 

While CL disease is not lethal, it can cause significant morbidity and the course of the 

disease is often accompanied by psychological and social repercussions.21 Therefore, CL 

control is very important. Because there is still no candidate vaccine with a sufficient and 

long-lasting effectiveness for public health22, CL control depends mainly on early and 

accurate diagnosis and effective treatment.  

 

 

2.2. Diagnosis 
 

2.2.1. Conventional methods 

Accurate diagnosis is needed to exclude patients with cutaneous lesions with other causes 

(eg. fungal and mycobacterial infections, skin cancers and super-infected insect bites).23 In 

most endemic countries the diagnosis of CL is often based on clinical symptoms and 



General introduction  

14 

history of exposure, in combination with microscopic visualization of the parasite in 

Giemsa-stained skin smears or aspirates. Leishmania amastigotes can be differentiated from 

other intracellular pathogens by visualizing the nucleus and kinetoplast (a typical rod-

shaped structure found in the cytoplasm of the parasite) surrounded by a cell membrane. 

Oil-immersion microscopy is required for proper identification. However, the sensitivity of 

microscopic examination is low. Different studies reported sensitivities ranging from 54% 

to 77%.24-29 In well-equipped laboratories parasites can be isolated by culturing of biopsies 

or aspirates. However, contamination is a constant risk in culturing and can sometimes 

affect 30% of the samples.30 Additionally, it takes days to weeks until parasites can be 

visualized, while some species are very difficult to culture and the quality of the growth 

medium preparation can be highly variable. Sensitivity of culturing parasites has been 

reported to vary from 42% to 70%.24-27,29-32 Histopathology on stained sections of biopsies, 

which is based on visualization of amastigotes with the routine hematoxylin and eosin stain, 

can be used as an alternative diagnostic approach, but has a comparable low sensitivity 

ranging from 33% to 69%.24,25,32-35 Although Giemsa-stain is theoretically better, adequate 

staining may be difficult to obtain on paraffin sections. Overall, all conventional methods 

are dependent on the performance and experience of laboratory technicians or pathologists 

and none of them is accepted as gold standard for diagnosis of CL.36 

 

2.2.2. Immunodiagnostic methods 

Because of the above-mentioned limitations, a number of alternative diagnostic methods 

are commonly used.37 Immunodiagnostic methods  assays include serological tests to detect 

Leishmania antibodies or antigens, and assays to detect Leishmania-specific cell-mediated 

immunity, in particular the delayed-type hypersensitivity to leishmanial antigens. The 

Montenegro skin test (MST), is based on this last type of immune reactivity and is based on 

a crude parasite mixture.38 However, different parasite preparations and disease duration 

affects test sensitivity, and is therefore highly variable.24,28,31,39 Furthermore, the test can not 

distinguish between past and present infection.38 Because CL is often a localized disease, 

systemic antibody responses in patients tend to be low. However, many different ELISA 

assays have been established to measure antibody levels, often based on purified crude 
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leishmanial antigens.40-42 In most studies these assays are developed for diagnosis or 

epidemiological purposes, but also to follow the course of the disease, especially in patients 

with MCL.43 However, there is no consensus on about the role of these assays as diagnostic 

or follow-up tools in CL.  

 

2.2.3. Polymerase Chain Reaction methods 

Currently, Polymerase Chain Reaction (PCR) based methods are considered to probably be 

the best approach to diagnose CL.24-26,28,29,31,33 Many different assays have been established 

based on variable gene targets, different primer sets and reaction conditions. The selection 

of these criteria, and others (e.g. nucleic acid extraction, quality of reagents, equipment, 

proper training of technicians), are critical for both PCR sensitivity and specificity.37 Often 

multi-copy sequences are used as PCR target, including kinetoplast DNA44-46, ribosomal 

RNA genes47-50, internal transcribed spacers51,52, spliced leader RNA (mini-exon) gene 

repeats53,54 and regions of the gp63 gene locus.55 Although PCR is a very sensitive tool in 

detecting Leishmania parasites, there is still no agreement on one universal Leishmania 

PCR.56 Many institutes use their own “in house” PCR assay, which has its own specific 

DNA target and primer pair. To establish which method is most optimal, comparative 

studies are needed. However, only few comparative studies have been published27,47,56,57, 

and only one specifically for CL disease.27 Furthermore, PCRs are based on DNA 

amplification, which does not provide information on the viability of the pathogen. The test 

may remain positive for a long time after pathogen death which limits its value as a 

diagnostic tool for active disease.58 A sensitive tool to detect viable parasites would be very 

useful to improve diagnosis of leishmaniasis.  

 

2.2.4. Species differentiation 

For choosing an appropriate treatment and designing control measures, not only rapid 

diagnosis, but also identification of the infecting Leishmania species is mandatory. With the 

traditional diagnostic methods species identification is not possible. The infecting species 

can to a certain extend be identical on the basis of geographical distribution and clinical 

symptoms. However, this approach is inadequate, since in many endemic regions multiple 



General introduction  

16 

Leishmania species exist together. Currently, identification of Leishmania species is made 

by electrophoretic analysis of isoenzymes (Multilocus Enzyme Electrophoresis [MLEE]), 

which is considered as the gold standard.52 Parasite isolates are differentiated by their 

enzymatic profile and can be grouped in taxonomic units, so-called zymodemes. However, 

this method is very laborious and time-consuming, and only few laboratories have the 

required expertise to perform this method. Other complicated procedures involves the use 

of monoclonal antibodies, DNA hybridization techniques or Random Amplified 

Polymorphic DNA (RAPD).59-62 In recent years, many PCR assays have been combined 

with Restriction Fragment Length Polymorphism (RFLP) to characterize parasites, 

combining amplification of specific targets with digestion of the PCR product with specific 

isoenzymes.52,55,63,64 Probably the best approach is to use a Multi-Locus PCR (MLP) 

approach, thus applying different PCR-RFLPs exploring different Leishmania-specific 

targets.65  

 

2.3. Treatment 
 

While CL is considered as a self-healing disease, rapid treatment remains important to 

avoid unattractive scars and parasite dissemination (i.e. nodular lymphangitis and MCL). At 

present no single optimal treatment exists for CL.66,67  Current first-line therapies are 

intravenous (i.v.) or intralesional (i.l.) administration of pentavalent antimony compounds 

(Sodium stibogluconate [Pentostam ®] or Meglumine antimoniate [Glucantime ®]). 

Alternative treatment regimes include pentamidine, amphotericin B (especially for MCL), 

aminosidine (paromomycin), a variety of antifungal agents and heat- or cryotherapy. 

However, these therapies may cause severe side effects, are variable effective for different 

Leishmania species, or have a low cure rate.68 Moreover, the lengthy course of 

intramuscular or intravenous injections of standard treatment protocols implies that patients 

fail to complete the full course of treatment.69  

Low compliance appears to be the principal reason behind the emergence of drug-

resistant parasite strains.70 In various regions in South America 7% to 39% of the patients 

fail to respond to first-line treatment.71-73 In Suriname, only one drug for CL patients is 
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available and depends on a standard treatment regime with weekly intramuscular 

injections.74 Recently, dermatologists observed that an increasing number of CL patients 

does not adequately respond to the standard treatment (personal communication Prof. dr. 

R.F.M. Lai A Fat). Therefore, monitoring the efficacy of treatment schemes is very 

important. Sensitive and quantitative assays could be of value. While PCR is a highly 

sensitive method, the assay seems to be unsuitable for treatment follow-up, as DNA of 

Leishmania parasites can be detected in scars of CL patients even months after clinical 

cure.75,76 However, no alternative assays are available which allow to decide whether a 

patient is cured. Up to this date a patient is declared cured on the basis of clinical criteria, 

which may delay the detection of a treatment failure.  

 

2.4. New developments 
 

2.4.1. RNA amplification-based assays 

At present, there is no sensitive assay for detection of active disease, which also gives 

information on parasite load for evaluation of treatment. A sensitive tool to detect and 

quantify viable parasites would be very useful to improve diagnosis of leishmaniasis. 

Furthermore, such an assay would make it possible to monitor the effectiveness of 

treatment schemes. One technique that may fulfil the above mentioned requirements is the 

Quantitative Nucleic Acid Sequence-Based Amplification (QT-NASBA) assay. QT-

NASBA is based on the amplification of specific RNA sequences and is also known as 

“self-sustained sequence replication”.77,78 The NASBA amplification reaction is isothermal 

at 41 °C (no need for a thermo-cycler) and rapid (90 minutes). Three enzymes are involved: 

Avian Myeloblastosis Virus Reverse Transcriptase, RNase H and T7 dependent RNA 

polymerase.79 NASBA is very sensitive, as little as 10 to 100 target RNA molecules (e.g. 

mRNA or rRNA) in a sample can be amplified, without the interference of DNA.79 The 

technology has proven to be highly sensitive and specific and has been applied for several 

infectious diseases, like HIV, mycobacterial diseases and malaria.80-83 The QT-NASBA 

assay has also been successfully applied in studies to assess the efficacy of drug therapies 

for Plasmodium falciparum and to predict treatment outcomes.84,85 
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2.4.2. Serological-based assays 

Molecular techniques are not readily applicable under field conditions as they often require 

equipment, cold chain and electricity.80 In many infectious diseases a simple serological 

test is sufficient as a basic diagnostic tool. At present, there is still no agreement on the 

value of serologic tests for diagnosis in CL. ELISAs in current use are difficult to compare 

with each other, because great variability exists in antigen use and validation criteria. It can 

be argued that the use of a homologous antigen improves the performance of a serological 

assay, but there is a lack of studies comparing antigens of specific species with identified 

Leishmania infections. For CL most serological assays are based on one specific 

Leishmania species, while the infecting Leishmania species is different or unknown. In the 

northeastern region of South America, including the regions focused in this thesis,  L. (V.) 

guyanensis is responsible in >90% of the CL cases. However, so far there are no serological 

assays based on L. (V.) guyanensis antigens reported.   
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2.5. Background information on study areas 
 

The Dermatology and Tropical Medicine Departments of the Academic Medical Center 

(AMC) in Amsterdam see approximately 10 to 20 patients with various forms of CL each 

year and this number is increasing. The majority of the patients are travellers, and acquire 

the disease in South and Central America.86 The diagnostic procedure depends on four 

methods; Giemsa-stained smears, histopathological examination, culture and PCR. The 

majority of the patients are treated systemically with pentavalent antimony, pentamidine 

isethionate or itraconazole. Patients are also treated locally, the majority with a combination 

of cryosurgery and intralesional pentavalent antimony.    

In contrast to The Netherlands, CL is highly endemic in Brazil and Suriname. The 

Brazilian Ministry of Health reported a total of 22,590 cases in 2004.43 The disease is 

mainly caused by L. (V.) guyanensis, L. (V.) braziliensis and L. (L.) amazonensis. At  

Fundação de Medicina Tropical do Amazonas (FMTAM) in Manaus (capital of the federal 

state of Amazonas), over a thousand CL cases are diagnosed annually, of which the 

majority are inhabitants of the city. CL is especially problematic in the rural settlements 

around the urban areas of Manaus, mainly habituated by the poor. Diagnosis at FMTAM 

relies predominantly on Giemsa-stained smears and clinical picture. Alternative methods 

include histopathology, culture or inoculation into susceptible animals, like hamsters.87 

First-line therapies are meglumine antimoniate (Glucantime®) and pentamidine isethionate.  

In Suriname, an endemic country in the northern Amazon region of South America, CL 

affects mainly people in the forested interior during the rainy seasons. Every year, 200 -300 

patients are seen in the capital, Paramaribo, at the Department of Dermatology, Academic 

Hospital and the Dermatology Service (Ministry of Health).74 These numbers are probably 

an underestimate as many patients (e.g. immigrant gold miners) buy medicines in 

Paramaribo and apply self medication. Hardly any data are available, including updated 

incidence numbers of CL in Suriname. So far known, only L. (V.) guyanensis is identified 

as causative agent of CL. The diagnosis at the Dermatology Service (Ministry of Health), 

relies predominantly on Giemsa-stained smears and clinical picture; diagnosis at the 

Department of Dermatology, Academic Hospital depend on histopathological examination.  
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 2.6. Outline of this thesis 
 

The burden of cutaneous leishmaniasis (CL) is increasing worldwide and clinicians in 

endemic as well as non-endemic countries are more and more confronted with CL patients. 

CL control is currently depending on early and accurate diagnosis and treatment, because a 

prophylatic vaccine is not available. Current diagnostic assays for leishmaniasis have 

several shortcomings and many cases are unnoticed. As leishmaniasis mainly affects poor, 

research and development of new diagnostic tools and drugs have been neglected. 

Moreover, many, mostly uncontrolled, treatment schemes are employed with varying 

success. Up to this date the duration of treatment and definition of cure are based on pure 

clinical criteria.  

The overall aim of this thesis was the development and evaluation of new tools for the 

diagnosis of CL, and for the determination of the duration and efficacy of treatment.  

 

The specific objectives of this thesis were: 

1. Development and evaluation of a quantitative nucleic acid sequence based 

amplification assay (QT-NASBA) for diagnosis and quantification of Leishmania 

parasites. 

2. To determine the number of parasites in a lesion before, at the end and six weeks after 

treatment with QT-NASBA in order to assess the outcome of treatment. 

3. Comparison of QT-NASBA with two other quantitative molecular assays; real-time 

Reverse-Transcriptase PCR and real-time PCR. 

4. To evaluate the standard treatment regime and treatment compliance for CL in 

Suriname 

5. To estimate annual detection rate and identify infecting Leishmania species in 

Suriname 

6.  To compare homologue and heterologeous antigens in an Enzyme-linked 

Immunosorbent assay (ELISA) in Brazilian and Suriname patients infected with 

Leishmania (Viannia) guyanensis. 
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The studies presented in this thesis were performed in Suriname, Brazil and The 

Netherlands and were part of the project “Development and evaluation of new tools for the 

diagnosis cutaneous leishmaniasis, and for the determination of the duration and efficacy of 

treatment, performed in endemic (Brazil and Surinam) and non-endemic (The Netherlands) 

regions.”  The work was supported by Netherlands Foundation For the Advancement of 

Tropical Research (WOTRO, W96-210). 

This thesis describes the development and evaluation of quantitative Nucleic Acid 

Sequence-Based Amplification (QT-NASBA), a specific sensitive molecular tool that 

allows for the detection and parasite quantification in skin biopsies [Chapter 2]. The assay 

was applied as instrument for monitoring therapy response of CL in a non-endemic setting 

[Chapter 3] and compared with two other techniques which allows for parasite 

quantification [Chapter 4]. Chapter 5 to 7 describes part of the study conducted in 

Suriname. Standard treatment and treatment compliance were evaluated [Chapter 5], one 

case was presented with a rare manifestation of the disease and a newly identified 

Leishmania species for Suriname [Chapter 6] and an epidemiological study on CL was 

performed in 2006 [Chapter 7]. In Chapter 8 an Enzyme-linked immunosorbent assay 

(ELISA) was presented for the serodiagnosis of Leishmania (Viannia) guyanensis infected 

patients from the northeastern Amazon region. The results presented in this thesis are 

summarized and discussed in Chapter 9 and recommendations for further research are 

given. 
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Summary 

 

Currently available methods for diagnosis of cutaneous leishmaniasis (CL) have low 

sensitivities or are unable to quantify the number of viable parasites. This constitutes a 

major obstacle for the diagnosis of the disease and for the study of the effectiveness of 

treatment schedules, and urges the development of improved detection methods. In this 

study, Quantitative Nucleic Acid Sequence-Based Amplification (QT-NASBA) technology 

was used to detect and quantify Leishmania parasites in skin biopsy samples from CL 

patients. The assay is based on the detection of a small subunit rRNA (18S rRNA), which 

may allow for the detection of viable parasites. The QT-NASBA assay was evaluated using 

in vitro-cultured promastigotes and amastigotes and 2-mm skin biopsy samples from Old 

and New World CL patients. The study demonstrated that the lower detection limit of the 

QT-NASBA was two parasites per biopsy sample. Parasites could be quantified in a range 

of 2 to 11,300,000 parasites per biopsy sample. The QT-NASBA could detect levels of 

parasites 100-fold lower than those detected by conventional PCR. Test evaluation revealed 

that the QT-NASBA had a sensitivity of 97.5% and a specificity of 100% in the present 

study. The QT-NASBA is a highly sensitive and specific method that allows quantification 

of both Old and New World Leishmania parasites in skin biopsy samples and may provide 

an important tool for diagnosis as well as for monitoring the therapy of CL patients.   

 

 

  



Chapter 2 
 

31 

Introduction 

 

Leishmania comprises a genus of flagellate protozoan parasites with a worldwide 

distribution and with more than 20 species that are pathogenic for humans. The parasites 

are transmitted by the bite of an infected female sand fly of the genera Phlebotomus and 

Lutzomyia. Leishmaniasis prevalence is estimated to be 12 million people and, in 

developing countries,  approximately 350 million people, mainly poor, are at risk of 

contracting the disease.1 The infection can cause a wide range of clinical manifestations, 

and is considered to be one of the most threatening parasitic diseases for humans. 

Nowadays, more and more non-immune humans are entering areas where leishmaniasis is 

endemic (for example, refugees in countries with civil unrest or forces on military 

missions)2 and there is an evident increase of patients with human immunodeficiency virus 

type 1 being co-infected with Leishmania parasites.3  

Cutaneous leishmaniasis (CL) is the clinical manifestation in which the parasite causes 

one or more slow-healing ulcers on the skin. Geographically, it can be divided into Old 

World (southern Europe, Africa, the Middle East, and west and central Asia) and New 

World (southern United States to northern Argentina) leishmaniasis.4 The Old World 

Leishmania species cause benign and often self-limiting ulcers. The New World species 

cause manifestations of greater variety, of which mucocutaneous leishmaniasis (MCL) is 

the most severe. MCL is most likely the result of the spreading of parasites from cutaneous 

lesions to the mucosal membranes, where they can progressively destroy connective tissue, 

such as cartilaginous structures, in the nasopharyngeal tract.5  

Early and accurate diagnosis and effective treatment is important to avoid the 

development of long-lasting chronic disease, disfiguring scars, and, in the case of MCL, 

extensive damage to the nasopharynx. Traditionally, the diagnosis of CL or MCL is based 

on microscopic demonstration or culturing of Leishmania parasites from skin biopsy 

samples or aspirates from lesions. However, these methods are rather insensitive and 

culturing of parasites is time-consuming and laborious.6 In areas of endemicity, CL is most 

frequently diagnosed by epidemiological and clinical evaluation, because most 
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conventional diagnostic methods are available only in reference laboratories. In contrast to 

its usefulness for the diagnosis of visceral leishmaniasis, which is the systemic 

manifestation of leishmaniasis, serology is not very useful for the diagnosis of CL, because 

antibodies tend to be undetectable or present in low titres.7,8   

In the last decades several PCR assays have been developed for the detection of 

Leishmania parasites. These assays often have high sensitivities (96% to 100%).9,10 In 

countries where PCR is available, it has already become an important diagnostic tool.9 

However, most PCRs are based on DNA amplification, which does not provide information 

on the viability of the pathogen. For example, bacterial DNA has been detected several 

weeks after the pathogens had been killed.11,12 DNA of Leishmania parasites can be 

detected in scars of CL patients even months after clinical cure.13,14  

A sensitive tool to detect viable parasites would be very useful in improving the 

diagnosis of leishmaniasis. Furthermore, such an assay would make it possible to monitor 

the effectiveness of treatment schemes. Current treatment schemes have several 

shortcomings due to variation in the sensitivities of Leishmania species, different clinical 

pictures, and emerging drug resistance.15 There is also no gold standard to decide whether a 

patient is cured. Up to this date, a patient is declared cured on the basis of clinical criteria, 

which may delay the detection of a treatment failure.  

In the present study, we have employed Quantitative Nucleic Acid Sequence-Based 

Amplification (QT-NASBA) technology to develop a tool for the diagnosis of leishmaniasis 

and for the quantification of Leishmania parasites. QT-NASBA is based on the 

amplification of single-stranded RNA sequences without the interference of DNA and has 

been applied for several infectious diseases, such as human immunodeficiency virus, 

mycobacterial diseases, and malaria.16-19 This technology has proven to be highly sensitive 

and specific and is able to detect very low target levels in clinical samples.18 Moreover, the 

detection of specific RNA molecules may serve as a suitable marker for pathogen 

viability.17,20 The QT-NASBA assay already has been successfully applied in studies to 

assess the efficacy of drug therapies for Plasmodium falciparum infection and to predict 

treatment outcomes.21,22 
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In this study, we have developed an 18S rRNA QT-NASBA for the detection and 

quantification of Leishmania parasites in in vitro cultures of promastigotes and amastigotes 

and in skin biopsy samples from patients with CL diagnosed in areas where it is endemic 

and areas where it is not. We compared the 18S rRNA QT-NASBA results with those of a 

standard 18S rRNA PCR assay running in our laboratory.23  

 

Materials and methods 

 

In vitro-cultured promastigotes  

Leishmania (Viannia) guyanensis (MHOM/BR/75/M4147) and L. donovani 

(MHOM/SD/68/1S) were cultured at 25˚C in RPMI 1640 medium (Gibco, Scotland) 

supplemented with 15% fetal calf serum. Parasites were subcultured weekly.  

In order to determine the lower detection limit of the developed NASBA assay and the 

number of rRNA molecules in promastigotes for the calculation of the number of parasites 

in biopsy samples, promastigote culture samples were analyzed. Two samples were 

collected from a 3-day-old cultures of L. donovani and L. (V.) guyanensis promastigotes. 

The parasites were harvested, counted (using a Neubauer hemacytometer), and resuspended 

in phosphate-buffered saline (PBS) at a concentration of 103 parasites per �l. One hundred 

�l was added to 900 �l of guanidinium isothiocyanate L6 lysis buffer24, and after RNA 

extraction (see “DNA/RNA extraction” below), 10-fold dilutions were made (103, 102, 101, 

and 1 parasites per �l).  Additionally, four serial dilutions of L. donovani promastigotes 

were made by using blood samples with 107, 105, 104, 103, 102 , and 0 parasites per ml of 

blood.  

 

In vitro generation of amastigotes  

Human monocyte cell line U-937 was used for the in vitro generation of amastigotes.25 U-

937 cells were maintained at 37˚C and 5% CO2 in RPMI 1640 medium containing fetal calf 

serum (10%). After 3 days, monocytes were counted, harvested, and resuspended in RPMI 

medium containing 10 ng/ml phorbol myristate acetate (Sigma, St Louis, MO). Three 
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Falcon chamber slides (Falcon, Oxnard, CA) with four chambers each were filled with 

150,000 monocytes and incubated for 48 hours at 37˚C and 5% CO2. Phorbol myristate 

acetate stimulates the monocytes to differentiate into an adherent phagocytic cell line. After 

48 hours, the differentiated cells were infected with 3,000,000 promastigotes of L. (V.) 

guyanensis in stationary phase for 16 h at 37 ˚C at a parasite-to-host cell ratio of 20 to 1. 

Next, the phagocytic cells were washed three times with PBS to remove noninvading 

parasites, and fresh medium was added. The cells in the three chamber slides were 

maintained at 37˚C and 5% CO2  for 1, 4, and 8 h, respectively. After incubation, the cells 

were washed again three times with PBS. Cells in two of the four chambers of each slide 

were lysed by adding 950 �l  L6 lysis buffer. The lysate was transferred to an Eppendorf 

tube and stored at –70˚C until further analysis. Cells in the remaining two chambers of the 

slide were fixed in methanol and stained with Giemsa (Merck, Darmstadt, Germany), and 

subsequently, > 400 macrophages were counted.  

 

Skin biopsy samples 

All biopsy samples were taken from the active edge of the lesion by dermatologists using 

sterile disposable 2-mm-diameter skin biopsy sample punchers. In order to make sure that 

all biopsy samples were collected according to the same standard, particular attention was 

paid to the fact that the complete 4-mm length of the biopsy sample was collected rather 

than only part of the sample.   

In total, 55 skin biopsies of 2-mm diameter were collected from 37 individuals 

diagnosed with CL at the dermatology clinic of the Academic Medical Center, Amsterdam, 

The Netherlands, before (n = 33) and after (n = 22) treatment. In addition, one needle 

aspiration sample was collected from the lymph node of a CL patient with lymph node 

involvement. Patient characteristics and probable areas of infection are presented in Table 

1. The diagnosis of CL was based on demonstrating the presence of Leishmania parasites in 

skin biopsy samples by means of staining of smears, culturing, histopathological 

examination, and/or PCR.  
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Another 44 skin biopsy samples were collected from CL patients residing in countries of 

endemicity in the New and Old Worlds (Table 2). Twenty-five samples were collected at 

the Cutaneous Leishmaniasis Center, Sanliurfa city, Turkey; eight samples at the Bolan 

Medical College Complex Hospital, Quetta, Balochistan, Pakistan; six samples at the 

Academic Hospital, Paramaribo, Suriname; and five samples at the Fundação de Medicina 

Tropical do Amazonas (FMTAM), Manaus, Brazil. All samples were collected before any 

antiprotozoan drug was administered to the patient. 

As negative controls, 12 skin biopsy samples were collected from individuals with 

normal skin undergoing reconstructive surgery, and 13 skin biopsy samples were collected 

from patients with other skin diseases, such as sarcoidosis (n = 1), ulcerating pyoderma (n = 

5), aspecific dermatitis (n = 1), folliculitis (n = 1), folliculitis keloidalis (n = 1), 

dermatofibroma (n = 1), and persistent insect bites (n = 3). All the skin biopsy samples 

were individually collected in tubes filled with 950 µl L6 lysis buffer and stored at –20ºC 

until the RNA isolation procedure was performed. 

Table 1.  Characteristics of 37 CL patients (skin biopsy samples  
collected before and/or after treatment) who visited the outpatient  
clinic of the Department of Dermatology, AMC. 

Characteristic Median (range) 
Age (year) 32 (10-79) 

  

Sex No. (%) 

Male 27 (73) 
  

Country visited in No. (%) 

Central America 14 (37.8) 

Southern America 11 (29.8) 

Middle East 6 (16.2) 
Southern Europe 6 (16.2) 
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RNA/DNA  extraction  

RNA and DNA were extracted from the samples according to the method of Boom et al..24 

Briefly, each 2-mm skin biopsy sample was added to 950 �l of L6 lysis buffer. To each 

sample, 106 molecules of quantification RNA (Q-RNA) were added before nucleic acid 

isolation (see “Cloning and in vitro transcription” below). To disrupt the tissue, one 5-mm-

diameter stainless steel bead (Retsch) was added to a tube containing a skin biopsy sample, 

which was subsequently placed in an MM 301 mixer mill (Retsch GmbH & Co. KG) and 

shaken for 300 seconds at a frequency of 30 Hz. Next, the supernatant was transferred to a 

new tube, and 30 �l of silica suspension was added. After washing and drying of the silica, 

the nucleic acids were eluted in 50 �l nuclease-free water and stored at –20˚C. For every 

five skin biopsy samples, negative controls (water or negative blood) were included in 

order to assess carryover contamination.       

 

(i) Cloning and in vitro transcription  

Primers R174 and R798, designed by Van Eys et al.23, were used to amplify a 600-bp 

region of the Leishmania 18S rRNA gene (Table 3). The amplified product was cloned 

directly into plasmid pCR2.1-TOPO (Invitrogen, Carlsbad, Calif.) according to the 

manufacturer’s instructions. After purification, the plasmids were cut with the restriction 

enzyme Pvu II, and a large amount of in vitro wild-type RNA (WT-RNA) was synthesized 

with an SP6/T7 transcription kit (Boehringer Mannheim).   

Table 2  Skin biopsy samples collected from CL patients in areas 
 of nonendemicity and endemicity before and after treatment (n=99) 
 New World Old World 
 Before 

 
After 

 
Before 

 
After 

 
Non-endemic     
The Netherlands 21 21 12 1 
 
Endemic     

Turkey - - 25 0 
Pakistan - - 8 0 
Brazil 5 0 - - 
Surinam 6 0 - - 
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For quantification purposes and to serve as an internal control, Q-RNA was constructed by 

site-directed mutagenesis according to the method of Schoone et al..18 Before each 

RNA/DNA extraction, 106 molecules of Q-RNA were added to each sample. This standard 

allowed for accurate quantification of the parasites (see “Calculations and statistical 

analysis” below) and served as an internal control for monitoring the efficiency of RNA 

extraction and the presence of NASBA-inhibiting substances.  

 

(ii) NASBA development 

Primers and probes were based on the target sequence of the 18S rRNA gene identified by 

Van Eys et al..23 The sequences of the primers Fp1 and Rp2 and of the WT and Q-probes 

are shown in Table 3. The primers amplify the rRNAs from all Leishmania species, because 

the 170-bp regions of the rRNA sequences are homologous, according to the published 

sequence data.23   

The NASBA reaction was performed using a NucliSense basic kit for amplification 

according to the manufacturer’s instructions (bioMérieux) in a 10-µl total reaction volume 

at a final KCl concentration of 70 mM. The reaction mixture was incubated with 2.5 �l 

RNA extract at 65˚C for 5 min and subsequently at 41˚C for 5 min. The isothermal 

amplification took place for 90 min at 41˚C.  

 

(iii) ECL detection of WT- and Q-RNA amplicons  

For quantification, WT-RNA was coamplified with a fixed amount of Q-RNA (internal 

standard) as a competitor. Amplification products were hybridized (30 min, 41˚C) to a 

ruthenium-labelled generic probe, and the respective capture probes were bound to 

streptavidin-coated magnetic beads (Table 3). This was followed by 

electrochemiluminensence (ECL) detection in a NucliSense ECL Reader (bioMérieux). 

Emitted light is detected by a photo-electric cell, offering a precise measurement of 

amplification products. 
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Calculations and statistical analysis  

Quantification was achieved by competitive amplification of WT-RNA and Q- RNA 

molecules in one reaction using the same primers. The ECL provides for each sample a 

WT-RNA and a Q-RNA signal, and the ratio between these signals is directly correlated to 

the number of parasites in a sample.  

In each experiment, a standard curve of blood samples spiked with in vitro WT-RNA 

(109, 107, 105, 104, and 0 molecules per 50 �l blood) each mixed with 106 molecules of Q-

RNA, was included. Final ECL results were calculated by best-fit regression analysis 

described by Schoone et al..18  

The sensitivities and specificities of the QT-NASBA and PCR in the present study were 

calculated as follows: sensitivity = TP / (TP + FN) x 100% and specificity = TN / (TN + 

FP) x 100%, where TN represents true negative, TP true positive, FN false negative, and FP 

false positive. The performances of QT-NASBA and PCR were statistically compared 

using Fisher’s exact test. 

 

 

Table 3. Primers and probes used for the amplification and detection of Leishmania parasites 

Name: 
 

Sequence: 

Primer R174 5’ -GGTTCCTTTCCTGATTTACG- 3’  
Primer R798 5’ -GGCCGGTAAAGGCCGAATAG- 3’  
Primer Fp1  
(Forward primer 1)a 
 

 
5’ -GATGCA AGG TCG CAT ATG AG C CAA AGT GTG GAG ATC 
GAA G- 3’ 

Primer Rp2 
(Reverse Primer 2)b   
 

 
5’  -AAT TCT AAT ACG ACT CAC TAT AGG GAG AAG GGC CGG 
TAA AGG CCG AAT AG- 3’ 
 

Capture probe 18S 
WT 

5’ biotin -GAC CAT TGT  AGT CCA CAC TG- 3’  

Capture probe 18S Q 5’ biotin -CTT AGG TCC ACT AAG GTA CC- 3’ 
aThe region of Fp1 which is presented in bold italics is for generic ECL detection.  
bThe region of Rp2 which is underlined is a T7-promotor sequence.   
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PCR 

PCR was also performed on the same extractions of the clinical samples that were analyzed 

with QT-NASBA. The PCR is based on the amplification of a 600-bp region of the 18S 

rRNA gene23, and the reaction was performed according to the method of Osman et al..26 

Briefly, 2.5 �l of DNA was amplified in a final volume of 25 �l with primers R174 and 

R798 (Table 3) for 40 cycles. Amplification conditions were 50˚C for 5 min and 94˚C for 

10 min, followed by 40 cycles of 94˚C for 75 s, 60˚C for 60 s, and 72˚C for 120 s, with a 

final extension of 72˚C for 50 min. In each PCR run, positive and negative samples were 

included. The PCR products were detected by UV light on a 2% agarose gel stained with 

ethidium bromide. A 100-base pair (bp) DNA ladder (Amersham Biosciences, 

Buckinghamshire, United Kingdom) was used as a marker, and DNA from the reference L. 

donovani strain, MHOM/SD/68/1S, was used as a positive control.  

 

Results 

 

Sensitivity  

The sensitivity of the QT-NASBA procedure was assessed by performing the assay on 

serial dilutions of in vitro-generated WT-RNA (samples containing 109, 107, 105, 104, and 0 

molecules of WT-RNA per 50 �l blood). A good correlation was obtained between the 

input of WT-RNA molecules and the number of WT-RNA molecules calculated on the 

basis of the QT-NASBA (Fig. 1).  

The correlation coefficient was calculated to be 0.938 (p< 0.001) on the basis of the 

mean of five independent assays per sample. The inter-assay variation coefficients were 

10.6, 12.9, 1.5, and 1.2% for 104, 105, 107 and 109 molecules/50 �l, respectively. This 

confirmed the high efficacies of the RNA extraction and the NASBA procedure. The lower 

detection limit for reliable quantification was at least 104 molecules of RNA per 50 �l 

blood.  The in vitro WT-RNA serial dilutions were used as the standard curve for the 

quantification of parasites in biopsy samples. 
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Analysis of four serial dilutions of L. donovani promastigotes (samples containing 107, 105, 

104, 103, 102, and 0 parasites/ml blood) revealed that the lower detection limit for 

quantification was at least 102 parasites/ml, which corresponds to 0.1 parasite per �l (data 

not shown). The relation between the quantification result by QT-NASBA and the log 

number of microscopically counted promastigotes was significant, with an r² of 0.959 (p< 

0.001). The samples were also tested in conventional PCR and showed a lower detection 

limit of 104 parasites/ml. This corresponds with 10 parasites per µl (data not shown).   

 

Comparison of promastigotes and amastigotes 

To quantify the number of Leishmania parasites in skin biopsy samples, the number of 

rRNA copies per parasite had to be calculated. This was achieved by quantitative analysis 

of serial dilutions of in vitro WT-RNA and promastigotes of L. donovani and L. (V.) 

guyanensis. Comparisons were made between QT-NASBA results of 103, 102 , 101, and 1 

parasites per �l. Figure 2 shows that the average log difference between the log number of 

promastigotes and that of WT-RNA was 4.82 (standard deviation = 0.56), corresponding to 

63,000 rRNA copies per parasite. The number of parasites in skin biopsy samples was 

calculated on the basis of this result.  

 
Figure  1. Quantification of 
Leishmania in vitro WT-
RNA molecules by QT-
NASBA. Serial dilutions of 
WT-RNA were added to 50 
µl blood and RNA was 
extracted, which was 
followed by QT-NASBA. 
The figure is based on five 
independent NASBA runs. 
Error bars indicate standard 
errors.   
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Duplicate samples (n = 3) of in vitro-cultured amastigotes were also analyzed with QT-

NASBA. After RNA extraction from the amastigotes, two dilutions were made of each 

sample (1:100 and 1:1,000). A standard curve with in vitro WT-RNA was included in the 

analysis. The QT-NASBA results were plotted against the different dilutions and showed 

that quantification was linear on a 4-log range (Fig. 3). The duplicate curves obtained from 

the three different samples had similar slopes, and correlation coefficients were greater than 

0.998.  

QT-NASBA results were also compared with amastigote counts obtained by 

microscopic examination of two Giemsa-stained chambers on each of the three Falcon 

chamber slides. QT-NASBA counts were compared with the number of amastigotes 

counted, and an average log difference of 4.78 (standard deviation = 0.47), which 

corresponds with 60,000 copies of rRNA per parasite, was found.  

Figure 2. Comparison of the numbers of rRNA molecules of in vitro- 
cultured promastigotes of L. donovani and L. (V.) guyanensis with those of a 
serial dilution of wild-type in vitro rRNA molecules. The average log  
number of rRNA molecules per parasite was 4.8. 
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QT-NASBA and PCR analysis of clinical samples  

Skin biopsy samples collected from untreated (n = 33) and treated (n = 22) individuals with 

imported CL who visited the outpatient clinic of the Department of Dermatology 

(Academic Medical Center, The Netherlands) and 44 skin biopsy samples from untreated 

CL patients from areas of endemicity were analyzed with QT-NASBA and PCR. In 

addition, a needle aspiration sample from the lymph node of a CL patient was also tested. 

Furthermore, 13 skin biopsy samples from patients with other skin diseases and 12 from 

healthy individuals were also tested. The lower detection limit of QT-NASBA was 0.1 

parasite/µl, and therefore 2 parasites/biopsy sample is considered to be a reliable threshold 

of quantification in 2-mm skin biopsies (2-mm biopsy ~12,6 µl).  

Thirty-three of the 34 samples obtained from untreated patients with imported CL were 

positive by QT-NASBA (Table 4). Parasite numbers ranged from 2 to 11,300,000 parasites 

per biopsy sample. QT-NASBA was negative for 16 out of 22 biopsy samples collected 

from 1 day to 24 weeks after treatment. Six skin biopsy samples were found to be positive 

after treatment with parasite counts between 2 to 513 parasites per sample. These patients 

were followed up, and four out of six of them developed relapses. These recurrences were 

clinically and parasitologically confirmed. Sixteen patients with negative QT-NASBA 

results did not develop any clinical disease after treatment.   

Figure 3. Dilution of three duplicate samples of in vitro-cultured amastigotes  
of L. (V.) guyanensis in the human cell line U-937. After the extraction procedure,  
Leishmania RNA was quantified. The number of amastigotes was determined  
by microscopy.    
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The results of QT-NASBA analysis of skin biopsy samples collected from confirmed CL 

patients living in four different areas of endemicity are presented in Table 4. Forty-three out 

of 44 were found positive, and parasite counts ranged from 2 to 800,000 parasites per 

biopsy sample. One sample from Suriname was negative. QT-NASBA analysis of biopsy 

samples from 13 patients with skin disease other than Leishmania and from 12 individuals 

with normal skin found all samples to be negative (Table 4). On the basis of these results, 

the sensitivity of the QT-NASBA was calculated to be 97.5%, and its specificity was 100%. 

 

 

All skin biopsy samples were also analyzed with a conventional PCR. The PCR results for 

all untreated CL patients in comparison to those from QT-NASBA are presented in Table 5. 

The PCR was positive in 71 out of 78 skin biopsy samples from confirmed CL patients, 

resulting in a sensitivity of 91.8%. The control biopsy samples (from healthy individuals 

and patients with other skin diseases) were all negative by PCR (specificity of 100%). 

Statistical analysis revealed that the sensitivity of QT-NASBA was not significantly higher 

than the sensitivity found for the PCR employed in the present study (Fisher’s P =  0.172). 

However, it should be noted that five biopsy samples from CL patients negative by PCR 

were found to be positive with QT-NASBA. These five samples (one from the AMC, two 

Table 4.  QT-NASBA results for skin biopsy samples and one lymph node sample from CL patients 
and other individuals (n = 125) 
 
Sample type or country of 
endemicity 
 

No. (%) positive/range 
(parasites/biopsy sample) 

No. (%)  
negative 

Sample from patient:   

   Before treatment 33 (97) / 2   -  11,300,000 1 (3) 

   After treatment 6 (27) / 2 – 513 16 (73) 

   Other skin diseases 0 (0) 13 (100) 

   Normal skin 0 (0) 12 (100) 

Country of endemicity   

   Turkey 25 (100) / 2   -  530,000     0 (0) 

   Pakistan 8(100) / 94  -  15,000 0 (0) 

   Brazil 5 (100) / 325   -  800,000 0 (0) 

   Suriname 5 (83) / 193   - 125,000 1 (17) 
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from Turkey, and two from Pakistan) had parasite loads of 2 to 15,000 parasites/biopsy 

sample. Furthermore, the needle aspiration sample collected from the lymph node of a 

confirmed CL patient was negative with PCR but positive in QT-NASBA, albeit with a 

very low parasite count of two parasites. One biopsy sample was PCR positive but QT-

NASBA negative. The histopathology of the lesion from which this biopsy sample was 

taken revealed a granulomatous reaction. Finally, one biopsy sample obtained from an 

imported case of CL in The Netherlands was negative in both assays. Histopathological 

analysis of this patient showed superficial and deep perivascular infiltrates in the dermis, 

consisting of lymfocytes, histiocytes, eosinofiles, and few plasma cells. However, 

Leishmania parasites could not be found. The PCR results of the 22 treated CL patients in 

The Netherlands in comparison to those from QT-NASBA are presented in Table 5. QT-

NASBA found six follow-up samples positive, but in contrast, only three positive PCR 

results were observed.  

 

 

 

Table 5. Comparison of QT-NASBA and PCR results  

PCR result QT-NASBA result 

Positive Negative 
Before treatmenta   

    Positive 70 6 

    Negative 1 1 

   

After treatmentb   

    Positive 3 3 

    Negative 0 16 
aResults before treatment are for 77 skin biopsy samples and 1 lymph node sample  from CL 
patients from areas of endemicity and nonendemicity 
bResults after treatment are for 22 skin biopsy samples from CL patients at the outpatient clinic  
 the Department of Dermatology 
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Discussion 

 
The Leishmania QT-NASBA developed in this study is a highly sensitive and reproducible 

method for the detection and quantification of parasites in skin biopsy samples (2 to 

11,300,000 parasites per sample). The assay is based on the 18S rRNA gene sequence, and 

this target has been found to be highly efficient for the diagnosis of leishmaniasis from 

human clinical material.23,27,28 Each parasite contains a large number (~ 160) of copies of 

the 18S rRNA gene29, and it is assumed that the number of rRNA copies in the cytoplasm is 

>104.23 This corresponds with our observation that one Leishmania parasite contains around 

104.8 copies of 18S rRNA. The difference in copy numbers of rRNA and of rDNA, predicts 

a much higher sensitivity of the QT-NASBA in comparison to the conventional PCR. This 

was confirmed in our experiments when L. donovani promastigote dilutions were compared 

in the QT-NASBA and PCR (data not shown).  

The Leishmania QT-NASBA could detect levels of parasites at least 100-fold lower 

than conventional PCR, as we found a detection limit of 0.1 parasite per amplification 

reaction compared to a limit of 10 parasites for the latter. No statistically significant 

difference was found between QT-NASBA and conventional PCR for the detection of 

parasites in biopsy samples from CL patients before treatment (97.5% and 91.8%, 

respectively). One biopsy sample, collected before treatment, was negative by both 

molecular methods. This biopsy sample was obtained from an individual that had a 

persistent lesion for over 2 years, which started after a visit to French Guiana. He was 

identified as a CL patient by the smear method only, while no parasites could be detected in 

culture or by histopathological analysis. Moreover, the histopathological result was not 

compatible with leishmaniasis. Therefore, the diagnosis of CL is in this case questionable. 

An alternative explanation may be that this individual had a long-standing CL infection, 

which is easily misdiagnosed due to a very low density of Leishmania parasites in these 

kinds of lesions, which can persist for more than 6 months.30  

Another skin biopsy sample was negative by the QT-NASBA but positive by PCR. This 

sample was collected from an individual from Suriname with a 6-month-old lesion. The 
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histopathology of the lesion was typical for a granulomatous reaction, a result indicative of 

an efficient cell-mediated immune response. It may be possible that viable parasites were 

not present in the sample and only persistent DNA of the parasite was detected by PCR. In 

contrast, 6 out of 78 samples from confirmed CL patients were negative by the PCR but 

positive by the QT-NASBA, showing a higher sensitivity of the assay. Two out of six 

samples were obtained from patients at the Department of Dermatology in Amsterdam (one 

skin biopsy sample and one needle aspiration sample). Histopathological results and PCR 

were negative for both patients. To confirm CL diagnosis in these two specific cases, 

needle aspiration and skin biopsy sample collection were repeated, and PCR gave a positive 

result in this second attempt.  

Recently, several real-time PCR assays,  which have detection limits comparable to that 

of QT-NASBA, have been developed for quantification of Leishmania parasites.31-33 Some 

of these real-time PCRs have the Leishmania infantum kinetoplast minicircle DNA as the 

target for amplification, because it has a high copy number in the parasite (~104 copies). 

However, the kinetoplast minicircle DNA is in general species specific and may even differ 

within one species.28 This constitutes a problem for the quantification of Leishmania 

parasites in a clinical sample and affects the accuracy of the real-time PCR assay. In 

contrast, the QT-NASBA has the 18S rRNA, which does not show any variation in copy 

number between the L. donovani and L. (V) guyanensis species and even between the 

promastigote and amastigote stages of the parasite, as its target. The 18S rRNA target is 

present in all Leishmania species, ensuring high sensitivity and allowing quantification of 

all species in a similar manner by QT-NASBA.23 

A real-time PCR assay based on an 18S rRNA gene target has been developed by 

Schulz et al..32 This method was able to quantify different Leishmania species and to 

discriminate between three clinically relevant groups (L. donovani complex, L. braziliensis 

complex and other Leishmania spp). However, the advantage of QT-NASBA over this 

assay is the detection of RNA instead of the DNA of the parasite. This is particularly the 

case when the assay is used to monitor the efficacy of  treatment schedules in which the 

detection of viable parasites is crucial. Real-time PCR has the advantage over the current 

QT-NASBA that it is able to detect directly a signal during the amplification reaction. The 
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establishment of a real-time QT-NASBA will add to the further improvement of the 

Leishmania QT-NASBA. Schneider et al.34 compared real-time QT-NASBA with real-time 

PCR for Plasmodium falciparum and showed that the real-time QT-NASBA was more 

convenient, since the QT-NASBA uses less sample material to achieve the same sensitivity. 

A sensitive and quantitative assay, such as QT-NASBA, could be of great importance 

for the establishment of duration and efficacy of treatment schedules, and the early 

recognition of treatment failures. Recently, Bossolasco et al.31 developed a real-time PCR 

assay for visceral leishmaniasis by quantifying Leishmania parasites following treatment 

and showed that persistence of parasites in the blood after treatment was associated with a 

high risk of relapse. So far, no follow-up studies have been performed on skin biopsy 

samples of CL patients. QT-NASBA may be the tool that enables the design of new clinical 

trials for the follow-up of treatment of CL patients. Preliminary results of our present study 

indicate that QT-NASBA may detect early clinical treatment failures. Six skin biopsies 

collected from 1 day to 8 weeks after treatment were positive by QT-NASBA, with parasite 

counts of 2 to 513 parasites/sample. Four patients of this group did develop treatment 

failures. In contrast, PCR was positive in three out of the six samples, two of the donors of 

which developed relapses. In parallel, Omar et al.21 demonstrated that QT-NASBA can 

predict anti-malarial treatment failures.  

In conclusion, this study shows that QT-NASBA assay is a reliable, sensitive, and 

specific method for the detection of Leishmania parasites in small skin biopsy samples. The 

method provides quantitative data for all Old and New World Leishmania species tested, 

and this could make the test ideal for diagnostic purposes and for monitoring the 

effectiveness of treatment.   
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Summary 

 

Background. Currently diagnostic methods for cutaneous leishmaniasis (CL) have a low 

sensitivity or are not useful for treatment follow-up. We previously described the QT-

NASBA method as a sensitive and specific assay for detection and quantification of 

Leishmania parasites in skin biopsies. This assay could be a valuable instrument for 

monitoring therapy response of CL and identify treatment failures at an early stage.  

Aim. QT-NASBA results of skin biopsies at the end and 6 weeks after therapy from proven 

CL patients treated with various treatment schedules were compared with clinical outcome.  

Methods. The QT-NASBA assay measured the parasite load in skin biopsies before, at the 

end and 6 weeks after treatment. The results were compared with therapy outcome (clinical 

cure, delayed healing response or treatment failure) up to 6 months after treatment.  

Results. In total, 137 skin biopsies were obtained from 53 patients. A positive QT-NASBA 

result 6 weeks after treatment was significantly associated with treatment failure/delayed 

healing up to 6 months (P<0.001). The Positive Predictive Value (PPV) was 100% and the 

Negative Predictive Value NPV 92% (95% CI = 82%-100%). QT-NASBA results at the 

end of treatment and clinical outcome showed a less significant  association (P<0.05), PPV 

was 46% with a 95% confidence interval of 16% - 75% and NPV was 89% (95% CI = 79% 

– 99%).  

Conclusions. The QT-NASBA assay is an useful instrument to monitor parasite loads in 

skin biopsies of CL patients 6 weeks after treatment and can help predicting clinical 

outcome.        
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Introduction 
 

Cutaneous leishmaniasis (CL) is an infectious disease of the skin affecting between 1.0-1.5 

million people worldwide every year.1 The disease is caused by protozoan parasites  of the 

genus Leishmania and is endemic to most tropical and subtropical countries. CL comprises 

several distinct clinical manifestations; from single skin ulcers to more disseminated forms. 

Most forms are self-healing within months, but this process can also take several years 

leaving visible atrophic scars.2,3 In the mucocutaneous form (MCL) the parasites spread to 

the nasopharyngeal mucosa, causing extensive destruction. MCL can emerge even after 

many years following the initial skin lesion.4 Therefore, early diagnosis and effective 

treatment would aid in the clinical management and eventual outcome of CL.  

The incidence of leishmaniasis is increasing worldwide, partly due to treatment 

failure.5,6 The occurrence of treatment failures may be predicted when sensitive diagnostic 

tools are applied to monitor the progress of a disease.7 In most countries where CL is 

endemic, diagnosis is based on clinical and epidemiological criteria only. Where facilities 

are present, clinical practice often combines microscopy of stained scrapings, 

histopathology and/or culture. However, these tools lack sensitivity.8 Nowadays, molecular 

techniques offer tools for CL diagnosis as well as treatment evaluation. Several polymerase 

chain reaction (PCR) methods have been developed offering improved sensitivity over 

microscopy and culture.9,10  

Although these assays have become well-established diagnostic tools, the value of the 

PCR for treatment evaluation of CL seems to be low. DNA of Leishmania parasites can be 

detected in scars of CL patients even months after clinical cure.11,12 Up to this date, the 

clinician depends basically on clinical criteria to evaluate the therapy outcome and clinical 

cure of the lesions. A sensitive method that can quantify the parasite load in CL lesions 

could be an useful determinant to evaluate treatment success and could help to predict the 

occurrence of treatment failures. Moreover, such an assay would be relevant to apply in 

randomised controlled studies for the implementation of new drugs, or judgement of 

treatment schedules. 
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Currently, no reports are available to date that applied quantitative molecular techniques to 

evaluate treatment of CL. Recently, we developed a quantitative nucleic acid sequence-

based amplification (QT-NASBA) for leishmaniasis.13 The QT-NASBA has shown both 

increased sensitivity and accurate quantification for  the detection of Leishmania parasites 

in skin biopsies13, and may be an important assay for the follow-up of CL treatment. The 

Leishmania QT-NASBA is based on amplification of single-stranded 18S ribosomal RNA 

sequences.13 Since parasites contain a larger number of 18S rRNA copies (> 104) than 

rDNA (~102), the assay is more sensitive than PCR for the same sequence. Furthermore, the 

18S rRNA target is present in all Leishmania species, allowing quantification of all species 

in a similar manner. QT-NASBA has already been successfully applied to monitor the 

response to miltefosine in a patient treated for visceral leishmaniasis.14 In this study we 

addressed the following question: Do QT-NASBA results obtained at the end and 6 weeks 

after treatment correlate significantly with the clinical outcome of CL? 

 

Materials and methods 
 

Patients 

The study protocol was reviewed and approved by the Medical Ethical Committee of the 

Academic Medical Center (AMC) in Amsterdam (MEC 03/228). This study was set up as a 

non-randomized prospective hospital outpatient based study. Fifty-three CL patients who 

visited the outpatient clinics of the Departments of Dermatology and Tropical Medicine of 

the AMC between 2004 and 2006 were included. No patients were included who were 

younger than 18 year or had lesions confined to the face. All patients were diagnosed with 

CL by at least one of four conventional diagnostic methods; Giemsa staining of biopsy 

smears, histopathological examination of biopsies, culture and/or PCR on DNA extracted 

from lesion biopsies. After initial diagnosis, all patients were treated by first choice 

treatment schedule based on clinical picture and geographical exposure area.15 Three 

patients received sodium stibogluconate (Pentostam®, Glaxo Wellcome) 20 mg/kg/day 

intravenously (i.v.) for 20 days, while one patient received Pentostam ® i.v. treatment for 

16 days (4 days less than the intended 20 days because of severe side-effects). Twenty-two 
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patients received 1-2 doses of cryotherapy in combination with 2-8 injections of Pentostam 
® intralesionally (i.l.) (150-250 mg per lesion) with few days interval, one patient was 

treated with 5, and another patient with 6 intermittent injections of Pentostam ® i.l. without 

cryotherapy. Five patients received 4 intermittent intramuscular (i.m.) injections of 250 mg 

pentamidine (Pentacarinat�, Aventis Pharma) spread over 10 days. One patient was treated 

with fluconazol (Diflucan�, Pfizer), 200 mg per day for 6 weeks in combination with 

topical 15% paromomycin cream (locally prepared) b.i.d. for 20 days. One patient was 

treated with itraconazol (Trisporal�, Janssen-Cilag) 400 mg per day for 6 weeks, and in one 

patient the lesion was excised. Seventeen patients were treated with miltefosine 

(Impavido�, Zentaris) 50 mg t.i.d. (1.3 – 2.1 mg/kg/day) for 28 days. All treatment regimes 

were applied as primary therapy, except for 16 patients treated with miltefosine, who had 

been treated with Pentostam® i.l. as primary therapy in a field setting (n=15) or had been 

treated with cryotherapy combined with Pentostam® i.l. (n=1).  

Patients were evaluated before, at the last day of treatment, 6 weeks and 6 months after 

treatment.  In total 137 skin biopsies were collected: before (n = 53), on the last day (n = 

49) and 6 weeks (n = 35) after treatment. Before treatment all biopsies were collected from 

patients with active lesions. Only those biopsies were included which were taken within a 

14 day interval before or after the scheduled time-points. Biopsies (2 mm in diameter) were 

taken by an experienced dermatologist from the active edge of the lesion according to the 

recommendations of the WHO.16 Biopsies collected after treatment were taken from the 

same lesion as the biopsies collected at the start of treatment.  

 

Clinical criteria  

Assessment of clinical cure of the patient was done 6 months after treatment by an 

experienced dermatologist. A patient was defined as clinically cured if  all lesions 

completely reepithelialized in the absence of induration, lymphangitis, lymphadenitis and 

satellite lesions, with only presence of (an) atrophic scar(s). In case the lesion was 

completely epithelialized, without lymphangitis or lymphadenitis but still indurated, it was 

defined as delayed therapy response. A treatment failure was defined as incomplete 
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epithelialization and persistent induration in combination with lymphangitis or 

lymphadenitis or presence of new satellite lesions. 

 

QT-NASBA and PCR-RFLP  

Skin biopsies (2-mm in diameter) were stored in 950 �l L6 lysis buffer (50 mM Tris HCl, 5 

M GuSCN, 20 mM EDTA, 0,1% Triton- X-100) at -20˚C. Skin biopsies were processed 

and the RNA/DNA extractions were tested in the QT-NASBA as described previously.13 

Briefly, NASBA reaction was performed using NucliSens Basic Kit for amplification 

according to the manufacturer’s instructions (bioMérieux) in a 10 µl total reaction volume 

at a final KCl concentration of 70 mM. The reaction mixture was incubated with 2.5 µl 

RNA extract at 65 ˚C for 5 min and subsequently at 41 ˚C for 5 min. The isothermal 

amplification took place for 90 min at 41 ˚C. The next step was detection with the 

electrochemiluminescence (ECL) detection method. QT-NASBA results with a parasite 

count of > 0.1 P/µl were defined as positive, which is equivalent to 5 parasites per biopsy. 

Samples collected before treatment were also tested in the small subunit (SSU) – internal 

transcribed spacer (ITS) and Heat Shock Protein 70 (hsp70) genes PCR-RFLP, as described 

by Rotureau et al.17 and Garcia et al.18 respectively to identify the infecting species.  

 

Statistical analysis  

To quantify the number of parasites a best-fit regression analysis was performed as 

described previously.19 Binary logistic regression analysis was performed to assess if initial 

parasite load was a predictor for treatment outcome at 6 months. A Fisher’s Exact test was 

used to compare QT-NASBA results and clinical outcome. A p<0.05 was considered 

statistically significant. The positive and negative predictive values of the QT-NASBA for 

treatment failure or delayed response were calculated in the present study as follows: 

Positive predictive value = TP / (TP + FP) x 100% and negative predictive value = TN / 

(FN + TN) x 100%. Where TN represents true negative, TP true positive, FN false negative 

and FP false positive. Confidence intervals of 95% were calculated.20   
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Results  
 

Patients  

In total, 53 patients were included with a median age of 27 (19-78) years and a median 

number of 2 lesions (1-31). Forty-nine (92%) patients were male. Thirty seven patients 

were infected with L. major (35 patients infected in Afghanistan, one patient in Marocco 

and one patient in Israel), 10 patients were infected with L. (L.) mexicana and one patient 

with L. (V.) braziliensis who visited Belize and 5 patients were infected with L. (V.) 

guyanensis who visited Suriname.  

 

 

QT-NASBA results  

In total 137 biopsies were tested (53 before, 49 at end of treatment and 35 six weeks after 

treatment). In Table 1 QT-NASBA results are presented for the Old (Afghanistan, Morocco 

and Israel) and New World group (Belize and Suriname) separately. All skin biopsies 

Table 1. QT-NASBA results and clinical outcome at 6 months evaluation of 53 cutaneous 
leishmaniasis patients assembled according to Old (Afghanistan, Israel and Morocco) and New 
World (Belize and Suriname) Leishmania infection 

QT-NASBA results 

No. positive/total  

(range P biopsy-1) 

Leishmania 

infection 

contracted   in 

the Old or New 

World  

Start of 

treatment 

End of 

treatment 

6 weeks after treatment 

 

No. of patients 

clinically cured 

at 6 month 

follow-up  

No. / total 

Old World  

(n=37) 

37 

(5 – 274,000) 

8 / 36 

(5 – 105,000) 

5 / 22 

(14 – 53,400)  

30 / 37 

New World  

(n=16) 

16 

(5 – 123,000) 

3 / 12 

(5 – 130) 

1 / 10 

(106) 

13 / 16 

 

Total 

 

53 

(5 – 274,000) 

 

11 / 48 

(5 – 105,000) 

 

6 / 32 

(14 – 53,400) 

 

43 / 53 

P biopsy-1 = number of parasites per biopsy sample 
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collected at start of treatment were positive with a median parasite count of 6,500 ranging 

between 5 – 274,000 P biopsy−1 (parasites per biopsy sample).  

Twenty-four of the 26 patients with a negative biopsy at 6 weeks were not further 

treated and were clinically cured at 6 months. In one patient additional intralesional therapy 

was given on clinical grounds and was cured at 6 months, another patient developed a 

clinical relapse 2.5 month later and was still not cured at 6 months. The 3 patients with 

inconclusive NASBA results 6 weeks after treatment were cured at 6 months. Of the 6 

patients with a positive NASBA result at week 6, 3 needed further treatment (1 i.v. 

Pentostam® and 2 i.l. Pentostam®) between 2.5 to 3.5 months after ending the first 

treatment course. They were further observed and finally cured. The other 3 still had some 

activity with infiltrated lesions at 6 months but were not further treated. While the end-point 

of this study was 6 months, the 3 patients with delayed response needed further evaluation 

after 6 months up to 1 year. They  were finally judged as cured.  

Overall, 7 out of 53 (13%) patients were defined as treatment failures, and three patients 

had a delayed response (6%). Binary logistic regression analysis showed that the number of 

parasites (parasite load in skin biopsies) at start of treatment was no predictor of treatment 

outcome (P = 0.536). The 43 patients who were cured at 6 months had a median parasite 

count of 3,850 P biopsy−1 (range 5 to 274,000) at start of treatment, while the patients who 

were not cured had a median parasite count of 4,280 P biopsy−1 (range 217 to 83,500).  

 

Association between QT-NASBA results and clinical outcome  

In Table 2A and 2B QT-NASBA results are compared with clinical outcome of the disease. 

From 48 patients, from whom skin biopsies were collected on the last day of treatment 

(Table 2A), 6 patients developed a treatment failure and needed a second course of 

treatment. Three other patients still had infiltrated lesions at 6 months of follow-up and 

could not be defined as clinically cured. Out of this group of 9 patients 5 had positive QT-

NASBA results with a median parasite count of 128 P biopsy−1 (range 5 to 105,000 P 

biopsy−1). Six out of 39 patients of the cured patient group had positive QT-NASBA results 

at the end of treatment, with a median parasite count of 290 P biopsy−1  (range 5 to 6,350). 
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A significant correlation was found between QT-NASBA result at the end of treatment and 

clinical outcome (P<0.05). In addition, positive and negative predictive values were 

calculated. The positive predictive value (PPV) or the possibility that a positive QT-

NASBA result predicted a treatment failure or a delayed treatment response up to 6 months 

follow-up was 46% with a 95% confidence interval (CI) of 16% - 75%. The Negative 

Predictive Value (NPV) was 89% (95% CI = 79% – 99%).     

 

 

In Table 2B, QT-NASBA results are presented of 32 skin biopsies collected 6 weeks after 

treatment in conjunction with the clinical outcome of the patient. In total, 8 patients were 

not clinically cured after 6 month follow-up. Of this group 6 patients had positive QT-

NASBA results with a median parasite count of 2,850 P biopsy−1 (range 14 to 53,400 P 

biopsy−1). Furthermore, no positive QT-NASBA results were found within the cured patient 

group. However, 2 patients with a negative QT-NASBA, were given a second treatment 

course on clinical grounds. One of these 2 patients received a second treatment regime with 

cryotherapy and il. Pentostam ® 2.5 months after therapy only in one remaining papule 

adjacent to the target lesion. The target lesion, from where the biopsies were collected, was 

already clinically healed at this moment. The other patient had a positive QT-NASBA 

result in a skin biopsy collected 9 weeks after treatment (data not shown). Overall, a strong 

significant correlation was found between QT-NASBA result 6 weeks after treatment and 

clinical outcome (P<0.001). The PPV of the QT-NASBA at week 6 for treatment failure or 

Table 2.A  Clinical outcome at 6 month follow-up in relation to QT-NASBA results (P<0.05) of 
skin biopsies from cutaneous leishmaniasis patients collected at the end of treatment  (n = 48). One 
sample was excluded due to an inconclusive result. 
Evaluation point NASBA at end of treatment 

No. positive 
 

NASBA at end of 
treatment 

No. negative 

Total 

Not cured 6 month after 
treatment* 

5 
 

4 9 

Cured 6 month after 
treatment 

6 
 

33 39 

Total 11 37 48 

* including patients with treatment failure and delayed healing response 
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delayed response was 100%. The NPV was calculated as 92% with a 95% CI between 82% 

- 100%. 

 

Discussion 
 

Our study demonstrates a highly significant correlation between QT-NASBA results 6 

weeks after treatment and clinical outcome of disease. QT-NASBA results obtained at the 

end of treatment were also significantly associated with clinical outcome, albeit the 

association was lower compared with the 6 weeks time-point.  

Since in many endemic countries patients do not return for treatment follow-up, an end-

point measure at the end of the treatment would be highly beneficial. In this way, not 

responding patients can be identified early and can be given prolonged treatment 

immediately or carefully evaluated. This may prevent the development of new lesions, and 

decreases the chance for transmission. Unfortunately, in this study we only found a weak 

association between NASBA results at the end of treatment and clinical outcome. The 

reason for this may be the temporarily decrease of the parasites until below detection level 

of the assay caused by the medication. This can be supported by the fact that three patients 

of our study group who were negative in NASBA at the end of treatment had indeed 

positive NASBA counts in later follow-up. It is also known that CL lesions may 

demonstrate a delayed clinical response after 3-4 weeks, and may not entirely heal until 

Table 2.B  Clinical outcome at 6 months follow-up in relation to QT-NASBA results (P<0.001) of 
skin biopsies from cutaneous leishmaniasis patients collected 6 weeks after treatment  (n = 32).  
Three samples were excluded due to inconclusive results. 
 Evaluation point NASBA 6 weeks after 

treatment 
No. positive 

 

NASBA 6 weeks after 
treatment 

No. negative 

Total 

Not cured 6 month after 
treatment* 6 2 8 

Cured 6 month after 
treatment 0 24 24 

Total 6 26 32 

* including patients with treatment failure and delayed healing response 
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several weeks after ending treatment.2 This partly depends on an inadequate Th-1 immune 

response of the host. This would explain the positive NASBA counts at the end of treatment 

of patients who were eventually cured at 6 months.   

Thus far, our results show that 6 weeks after treatment is a relevant time point to re-

evaluate parasite loads in the lesions of patients. A positive QT-NASBA result 6 weeks 

after treatment seems to predict treatment failure or delayed response, whereas a negative 

QT-NASBA result is a good indication for a clinically cured patient. Unfortunately, only 35 

skin biopsies were tested 6 weeks after therapy, while 53 patients were included at start of 

treatment. While most patients did return to the clinic for follow-up, they returned on 

another time point than was prescribed by the study protocol. For this reason, 18 samples at 

week 6 after therapy are missing.   

CL is a complicated spectral disease. Some forms present with self-healing lesions, but 

leave scars with may lead to strong social stigma. Other forms are non-healing or chronic 

with sequels leading to disfigurement or mutilation of the face, especially for New World 

species as L. (V.) braziliensis. The most optimal time-point to collect a sample for QT-

NASBA will probably depend on different factors as infecting species, applied treatment, 

parasite loads and host factors. In the present study, we did not find an association with 

parasite load quantified in QT-NASBA before treatment and treatment outcome. However, 

it is recognized that time to cure can be different in CL patients infected with the same 

species, but treated differently 21. This initial study included different methods of treatment 

and different species. To study  more reliable the influence of different factors larger and 

well-defined study groups are necessary. In future studies we suggest to test variable time-

points after treatment for different treatment schedules and different Leishmania species. 

However, at the moment overall 6 weeks seems to be a valid universal end point.  

The widely diverse responses to treatments emphasizes the need for a reliable 

monitoring tool. QT-NASBA has already proven to be a valuable tool for monitoring 

parasite load and even predicting treatment failure in other infectious diseases.7 We believe 

that the assessment of treatment  outcome can be improved by the addition of QT-NASBA 

method, because the assay is able to predict treatment failure or delayed responses.    
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In conclusion, this study shows that QT-NASBA can be applied as a reliable assay to 

monitor parasite loads after treatment in an outpatient setting and helps the clinician in 

decision making for further clinical management.       
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Summary 

 

DNA or RNA amplification methods for detection of Leishmania parasites have advantages 

regarding sensitivity and potential quantitative characteristics in comparison with 

conventional diagnostic methods, but are often still not routinely applied. However, the use 

and application of molecular assays are increasing, but comparative studies on the 

performance of these different assays are lacking. The aim of this study was to compare 

three molecular assays for detection and quantification of Leishmania parasites in serial 

dilutions of parasites and in skin biopsies collected from cutaneous leishmaniasis (CL) 

patients in Manaus, Brazil. A serial dilution of promatigotes spiked in blood was tested in 

triplicate in three different runs by quantitative nucleic acid sequence-based amplification 

(QT-NASBA), quantitative real-time reverse transcriptase PCR (qRT-PCR), and 

quantitative real-time PCR (qPCR). In addition, the costs, durations and numbers of 

handling steps were compared, and 84 skin biopsies from patients with suspected CL were 

tested. Both QT-NASBA and qRT-PCR had a detection limit of 100 parasites/ml of blood, 

while qPCR detected 1,000 parasites/ml. QT-NASBA had the lowest range of intra-assay 

variation (coefficients of variation [CV], 0.5% to 3.3%), while qPCR had the lowest range 

of interassay variation (CV, 0.4% to 5.3%). Furthermore, qRT-PCR had higher r2 values 

and amplification efficiencies than qPCR, and qPCR and qRT-PCR had faster time 

procedures than QT-NASBA. All assays performed equally well with patient samples, with 

significant correlations between parasite counts. Overall, qRT-PCR is preferred over QT-

NASBA and qPCR as the most optimal diagnostic assay for quantification of Leishmania 

parasites, since it was highly sensitive and reproducible and the procedure was relatively 

fast. 
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Introduction 

 

Cutaneous leishmaniasis (CL), a protozoan skin infection, is a major public health problem 

in the Amazonas state in Brazil, with almost 1,000 cases reported annually in the capital 

city, Manaus.1 The disease is primarily a zoonose, with a sylvatic cycle of transmission 

occurring between phlebotomine sandfly vectors of the species Lutzomyia umbratilis and 

Lutzomyia anduzei and wild animal hosts. CL was considered mainly as an occupational 

disease, infecting people involved in  activities in forests such as wood and mineral 

exploitation or in building of roads in forests or of hydroelectric dams.2 Nowadays, CL 

seems to have become an important problem in the rural settlements around the urban areas 

of Manaus, which are habituated mainly by a poor population.    

Almost half of the CL patients in the Amazonas state visit the large health institute in 

Manaus, Fundação de Medicina Tropical do Amazonas (FMTAM).1 At this institute, 

diagnosis relies predominantly on the visualization of amastigotes in Giemsa-stained 

smears with microscopy and on the clinical picture of the lesion. Alternative methods are 

histopathology, culture in Novy-MacNeal-Nicole medium, or inoculation into susceptible 

animals, such as hamsters.3 However, these methods are rather insensitive and/or time-

consuming. The PCR method has proven to be an important approach to diagnose CL, since 

it can be highly sensitive and specific and has potential quantitative characteristics. 

Moreover, restriction enzyme analysis after amplification allows differentiation between 

different Leishmania species.4-6 Currently, different DNA and RNA amplification methods 

have been established for detection and quantification of Leishmania parasites, including 

quantitative real-time PCR (qPCR) and quantitative nucleic acid sequence-based 

amplification (QT-NASBA).7-10 Sensitive molecular tools can offer significant advantages, 

not only in diagnosis but also in studies requiring accurate and sensitive quantification of 

parasites, such as drug treatment efficacy studies.11  
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A fluorogenic probe (e.g., TaqMan or fluorescent resonance energy transfer) specific for 

the target sequence is used in qPCR, allowing continuous monitoring of the amplified PCR 

products.12 The closed-tube format of the assay reduces the risk of contamination. An RNA 

amplification method, such as the 18S QT-NASBA10 has advantages since it is based on an 

isothermal reaction and thus circumvents the need for a thermocycler. Furthermore, it is 

much more sensitive than conventional PCR, since it targets rRNA copies, which are more 

abundant than ribosomal DNA (rDNA).10,13 As an alternative quantitative RNA 

amplification method, we used quantitative real-time reverse transcriptase PCR (qRT-

PCR). This technique is an extended version of a qPCR, with a step involving treatment 

with reverse transcriptase enzyme (an RNA-dependent DNA polymerase) prior to a normal 

PCR reaction. This assay combines the advantages of both qPCR (closed-tube format) and 

QT-NASBA (detection of RNA copies). The 18S ribosomal sequence was chosen as the 

target gene because it is a multiple copy gene, targets all Leishmania species, and has 

proven to be highly efficient for the diagnosis of leishmaniasis from human clinical 

material.10,13-15 

The present study compared three molecular diagnostic tools based on the amplification 

of small-subunit ribosomal 18S sequences for the detection and quantification of 

Leishmania parasites in blood and clinical CL samples collected at FMTAM in 2006. Assay 

performance was described in terms of analytical sensitivity, intra- and interassay variations 

(within and between runs), costs, and time to perform the assays.  
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Materials and methods 

 

QT-NASBA  

The QT-NASBA, which targets a 170-bp region in the 18S rRNA, was performed using the 

Nuclisense BasicKit (bioMérieux) for amplification, following the procedures published 

previously.10 Primers and probes are listed in Table 1. In vitro quantitative RNA (Q-RNA, 

constructed by site-directed mutagenesis) is added to the sample prior to extraction and 

serves as competitor RNA for the QT-NASBA and as an internal control (IC). After 

extraction and amplification, the samples were detected by the electrochemiluminescence 

(ECL) detection method.10  

 

QRT-PCR 

The primers and probes for qRT-PCR were based on the same 170-bp 18S rRNA and 

rDNA sequences as used for the QT-NASBA (Table 1). Since the same IC Q-RNA was 

used as in QT-NASBA10, two probes with different reporter dyes (6-carboxyfluorescein 

[FAM] and 5-tetrachloro-fluorescein [TET]) were designed for the wild type target and Q-

RNA sequence. Both probes were conjugated to a minor-groove binder (MGB) at the 5’-

end (Applied Biosystems, Foster City, CA), causing a higher binding affinity of the probes 

to the target.16 For the reaction, 2.5 µl of isolated DNA/RNA sample was added to 22.5 �l 

amplification mix containing 1× buffer (Bio-Rad; 20 mM Tris-HCl (pH 8.4), 50 mM KCl, 

0.8 mM deoxynucleoside triphosphates, 3 mM MgCl2 and 0.6 U/µl iTaq DNA polymerase), 

0.8 �M of each primer, 0.2 µM FAM-MGB probe, and 0.2 µM TET-MGB probe. 

Amplification and real-time measurement were performed in the iCycler iQ5 (Bio-Rad) 

with the following conditions: 10 min at 50°C, 5 min at 95°C, and then 45 cycles of 30 s at 

95°C and 45 sec at 60°C. The number of parasites was calculated from the treshold cycle 

(C�), i.e., the amplification cycle number at which the emitted fluorescence exceeded the 

set baseline of 100 reference fluorescence units ( = background emission plus 10 standard 

deviations).  
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QPCR 

The qPCR was carried out according to an established protocol described by Wortmann et 

al.17 and targets a 60-bp region in the 18S ribosomal gene specific for all members of the 

Leishmania genus. The protocol was adjusted by the incorporation of two primers and one 

probe to detect the IC plasmid pEntIC 2 (kindly donated by Richard Molenkamp, Clinical 

Virology Department, Academic Medical Center), which was originally developed for 

Enterovirus species (members of the family Picornaviridae).18 Primer and probe sequences 

are presented in Table 1. For the amplification reaction, 2.5 µl of isolated DNA/RNA 

sample was added to 22.5 �l amplification mix containing 1× Supermix buffer (Bio-Rad; 

20 mM Tris-HCl [pH 8.4], 50 mM KCl, 0.8 mM deoxynucleoside triphosphates, 3 mM 

MgCl2, and 0.6 U/µl iTaq DNA polymerase), 0.8 �M of each primer (18SF and 18SR), 0.2 

µM FAM probe, 0.4 �M of each IC primer (Entero-1 and Bio-entero-2), and 0.1 µM 

enterovirus VIC-MGB probe (Applied Biosystems). Amplification and real-time 

measurement were performed in the iCycler iQ5 (Bio-Rad) with the following conditions: 5 

min at 95°C followed by 45 cycles of 30 s at 95°C and 45 s at 60°C. The number of 

parasites was calculated from the C�, i.e., the amplification cycle number at which the 

emitted fluorescence exceeded the set baseline of 150 reference fluorescence units (= 

background emission plus over 10 standard deviations). 

 

Standard curves for Leishmania parasites  

To assess the reproducibility of absolute quantification by the three assays, a standard curve 

was tested and used to determine if the absolute values of the parasite numbers amplified 

from the cultivated parasites were statistically similar. To perform this experiment, blood 

was spiked with parasites from one parasite serial dilution in order to obtain 10,000,000, 

100,000, 1,000, 100, 10, and 0 parasites per ml blood. 

RNA extracts of these samples were tested in the three assays in triplicate in three 

different runs. Before extraction, two ICs were added to each sample; 1,000,000 molecules 

of in vitro-generated Q-RNA10 and the IC plasmid pEntIC 2 at 5,000 molecules. Both 

controls were used as extraction and inhibition controls to check whether samples were 
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truly negative, while in vitro Q-RNA also served as quantitative RNA for accurate 

quantification of the parasites in the QT-NASBA.19   

After extraction, each concentration of the standard curve was divided into three 

aliquots and stored at -70°C for a maximum of 4 days. One aliquot was used for each run. 

Quantification of Leishmania parasites was achieved by plotting the log input parasite 

concentrations against either the C� values or the log (Wild type/Q × 1,000) values with 

linear regression. The slopes (a) and y intercepts (b) of the standard curves were used to 

calculate the corresponding log output parasite concentrations with the formula y = ax + b. 

Intra- and interassay variations (i.e., variations within one run and between the three 

different runs, respectively) of the quantified data of the standard curve were measured as 

coefficients of variation (CV) for each input concentration, calculated as the standard 

deviation/average × 100% for each triplicate (intra-assay variation) and for all nine output 

data (interassay variation). Correlation coefficients (r2 values) were calculated for each 

standard curve using a linear regression analysis. For the real-time assays the amplification 

efficiency was calculated as E = [10(1/Slope) – 1] × 100%, as described by Smith et al.20 Both 

the slope and the y intercept in the standard equation are important, because absolute 

parasite numbers are determined from a number of different standard curves and the r2 

value and amplification efficiency alone give no information that will uniquely describe 

any individual curve.20 The analytical sensitivities of the three assays were determined by 

the lowest consistent detected concentration of parasites per ml. 

 

Costs, time use, and user-friendliness  

For each assay the total costs of reagents per sample were calculated, as were the time (total 

time necessary to perform each assay, from preparing reagent mixes until obtaining results; 

RNA/DNA extraction thus was excluded) and number of handling steps (the number of 

pipetting steps for the complete procedure). 

 

Patients  

This study was approved by the Brazilian National Review Board of the Ministry of Health 

(Commissão Nacional de Ética em Pesquisa, Parecer no. 1142/2005). The study population 
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comprised patients with suspected CL visiting FMTAM in Manaus, Brazil. In total, 84 

patients who met the following inclusion criteria were included in the study: age between 

17 and 65 years, clinical suspicion of CL, no previous history of CL, and written informed 

consent provided. Parasitological diagnosis was done by direct microscopic identification 

of Leishmania amastigotes in Giemsa-stained skin smears. During each evaluation, one skin 

biopsy (2 mm in diameter) was collected with a sterile disposable skin biopsy puncher from 

the active edge of the lesion according to WHO recommendations.21 Skin biopsies were 

taken under local anesthesia with xylocaine. In the absence of a true gold standard for 

diagnosis of CL, patients were defined as CL positive when the skin smear was positive in 

microscopy or in one of two Leishmania PCRs (based on mini-exon and hsp70 genes, as 

described by Marfurt et al.22 and Garcia et al.23) performed on skin biopsies. Patients were 

defined as having non-confirmed CL when samples were tested negative by all three 

diagnostic methods. In total, 75 out of 84 suspected CL patients were defined as having 

confirmed CL, while 9 patients were defined as non-confirmed.  

Additionally, restriction fragment length polymorphism on the PCR products was 

applied to distinguish the infecting Leishmania species of the CL patient.23,24 In each PCR 

run, the following reference strains were included as positive controls: Leishmania 

(Viannia) guyanensis MHOM/BR/75/M4147, Leishmania (Viannia) braziliensis 

MHOM/BZ/75/M2903, Leishmania (Leishmania) mexicana MHOM/MX/85/Solis, 

Leishmania (Leishmania) amazonensis MHOM/BR/81/LTB16, Leishmania (Viannia) 

lainsoni  MHOM/BR/86/M6426, and Leishmania (Viannia) naiffi MHOM/00/94/CRE58.  

 

Patient samples  

Skin biopsies (2 mm in diameter) were mixed with 950 �l L6 lysis buffer (50 mM Tris HCl, 

5 M guanidinium isothiocyanate, 20 mM EDTA, 0.1% Triton X-100) and stored at –70˚C at 

FMTAM. After transportation (under cold conditions) to KIT Biomedical Research in 

Amsterdam, The Netherlands, RNA and DNA were extracted from the samples as 

described previously by the Boom method.10,25 In each extraction series, 16 patient samples 

and a serial dilution of promatigotes (see “Standard curves for Leishmania parasites” 

above) were included with three negative controls (water or negative blood) in order to 
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assess carryover contamination. Before extraction, the two ICs (Q-RNA and plasmid 

pEntIC 2) were added to each sample. Each extraction series was tested by QT-NASBA, 

qRT-PCR, and qPCR. The parasite quantification results for the patient samples in each 

assay were compared with those for the samples in the other two assays using Spearman’s 

correlation.   

 

Results 

 

Standard curves  

For each parasite concentration of the standard curve, the CV (standard deviation/average × 

100%) was calculated for one run (intra-assay variation), and the results are presented in 

Table 2. Intra-assay variation for all parasite concentrations had a lower range in QT-

NASBA (CV from 0.5% to 3.3%), than in qRT-PCR (CV from 0.2% to 23.1%) and qPCR 

(CV from 0.1% to 8.4%). Overall, only 5 out of the 33 intra-assay CV calculated were 

above 5%. Only for the lower parasite loads (1,000 and 100 parasites/ml) did the intra-

assay CV values in QT-NASBA remained below 5%, while most of the CV in qRT-PCR at 

100 parasites/ml and in qPCR at 1,000 parasites/ml were above 5%. Furthermore, the range 

of variability did not increase using replicated standard curves within separate runs 

(interassay variation) for qRT-PCR (1.8% to 14.3%) and qPCR (0.4% to 5.3%). However, 

in QT-NASBA the range of variability increased slightly within separate runs (CV from 

3.3% to 8.3%). The test results are plotted against the different dilutions in Figure 1.   

In Table 3 the mean r2 values, amplification efficiencies, and standard equations for the 

standard curves are presented. The high r2 values for all three assays confirm the linearity 

of the standard curves used for quantification of parasite concentrations (in log values) and 

validate the use of a linear regression analysis. The efficiency of a PCR reaction provides 

information on amplification linearity and the effect of dilution of template DNA on the 

PCR amplification. In a 100% efficient reaction, it takes approximately 3.32 cycles for 10-

fold amplification of the target, a value that is equal to the slope of the standard curve.  
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Figure 1. Leishmania parasite quantification of one in vitro cultured parasite serial dilution spiked in 
blood.  QT-NASBA, qRT-PCR and qPCR were performed in triplicate in three different runs (run 1, 
2 and 3). 
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In our study, PCR efficiencies were lower for qPCR (62% to 71%) than for qRT-PCR (82% 

to 85%).  

The QT-NASBA could detect 10 parasites/ml in some samples, which corresponds to 

0.5 parasites per blood sample because only 50 µl blood is processed. In reality, a level of 

10 parasites/ml results in samples with one parasite and samples with no parasites, which 

increases the risk of false-negatives. For this reason, the detection limit was set at 100 

parasites/ml, which is equivalent to 5 parasites per 50 µl blood. The detection limit of qRT-

PCR was 100 parasites/ml, while the detection limit for qPCR was 1,000 parasites/ml.  

 

Patients  

In total, 84 suspected CL patients were included, from which 75 patients were diagnosed 

with CL by Giemsa smear in microscopy (n = 69) and/or by skin biopsies tested in PCR (n 

= 75). The median age of the 75 CL patients was 26 years (range, 17 to 63), the median 

number of lesions was 2 (range, 1 to 13), and the median duration of CL symptoms before 

diagnosis was 4 weeks (range, 1.5 to 52 weeks). The two PCR-restriction fragment length 

polymorphism assays revealed that 68 patients were infected with L. (V.) guyanensis, 2 

patients with L. (L.) amazonensis and 5 patients with L. (V.) braziliensis. 

 

Patient results  

All 75 confirmed CL patients were positive by QT-NASBA, qRT-PCR, and qPCR before 

treatment, with median parasite counts of 30,000 (range, 5 to 5,780,000),  6,130 (range, 5 to 

109,000) and 94,100 (range, 38 to 12,800,000) parasites/biopsy, respectively. It was notable 

that in four out of five L. (V.) braziliensis-infected patients, parasites were not detected by 

microscopy.  

Eight out of nine non-confirmed patients who were negative by both microscopy and 

PCR were also negative by QT-NASBA, qRT-PCR, and qPCR. Negative results were not 

due to inhibition, since all ICs were positive. One of the non-confirmed CL patients was 

positive in all three assays for the wild-type targets, with parasite counts of 22, 43, and 40 

parasites/biopsy, respectively. This patient was treated on the judgment of the 

infectiologist.  
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Overall, when parasite counts from the three assays were compared, significant correlations 

were found between QT-NASBA and qRT-PCR (Spearman’s � = 0.961; P < 0.001), QT-

NASBA and qPCR (Spearman’s  � = 0.919; P < 0.001), and qRT-PCR and qPCR 

(Spearman’s �= 0.966; P < 0.001).   

 

Costs, time-use and user-friendliness  

For each assay the cost of reagents per sample, duration of assay, and number of steps for 

sample handling were calculated. The qPCR was the least expensive assay (� 1.55 per 

sample, in comparison with � 5.15 for QT-NASBA and � 2.20 for qRT-PCR). QPCR 

required the shortest assay time, of only 2 hours, while for QT-NASBA and qRT-PCR, 4 

hours 30 minutes and 2 hours 20 minutes, respectively, were required. Overall, the qRT-

PCR assay is less than half as expensive as the QT-NASBA assay and twice as rapid in use. 

In both qPCR and qRT-PCR the reaction takes place in a closed-tube format, which 

minimizes sample handling and avoids the risk of contamination. The total number of 

handling steps per sample for both qPCR and qRT-PCR was only two. In contrast, QT-

NASBA has an extensive time-course between sample preparation and data collection and 

requires eight handling steps due to the ECL detection method.  

 

Discussion 

 

Only a few studies have compared the application of molecular diagnostic tools for 

leishmaniasis.26,27 These studies are needed in order to assess the best assay performance 

for implementation in areas where the disease either is or is not endemic. In the present 

study, two RNA-based amplification assays (QT-NASBA and qRT-PCR) were compared 

with one DNA amplification assay (qPCR). In all three assays, an IC was included and one 

Leishmania serial dilution was tested in triplicate and in separate runs.   

Both QT-NASBA and qRT-PCR were 10-fold more sensitive than qPCR, detecting at 

least 100 parasites/ml. In a few samples the QT-NASBA detected parasite concentrations of 
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10 parasites/ml. Both QT-NASBA and qRT-PCR amplifies both parasite rRNA, while 

qRT-PCR also amplifies rDNA, since no DNase step prior to amplification is introduced. 

Parasite rRNA copy numbers have shown to be over 100-fold more abundant than the gene 

copy numbers10, which explains the lower sensitivity of  the qPCR, in which only target 

DNA is amplified.  

Overall, QT-NASBA had the most constant intra-assay variation over the whole range 

of parasite concentrations, with all CVs below 3.3%. For qRT-PCR and qPCR the variation 

increased for the lower parasite concentrations (100 parasites/ml and 1,000 parasites/ml). 

However, QT-NASBA had higher inter-assay variations over the whole range, except for 

the lowest parasite concentration of 100 parasites/ml. Furthermore, QT-NASBA and qRT-

PCR performed better than qPCR, with higher regression coefficients and a higher reaction 

efficiency for the qRT-PCR. The lower performance of qPCR can be attributed to the 

incorporation of a noncompetitive IC (i.e., a DNA template with different primer 

sequences) with a different length than the target DNA. In the other two assays (QT-

NASBA and qRT-PCR), the same competitive IC (Q-RNA is amplified with the same 

primers as the wild-type target) has been incorporated.  

In this study the QT-NASBA amplification was detected by ECL, which makes the 

assay more laborious and expensive. By the incorporation of a molecular beacon as a 

fluorescent label, a real-time QT-NASBA format can be constructed.28 This real time QT-

NASBA assay is very promising, since it combines the isothermal characteristics, 

sensitivity, and the rapidity of the NASBA reaction with the simple, closed-tube format of a 

real-time assay.29 So far, no real-time QT-NASBA has been established for leishmaniasis. 

Another alternative for ECL detection is oligochromatography. With this method, the 

amplified products are visualized within 5 minutes on a dipstick through hybridisation with 

a gold-conjugated probe.30 For human African trypanosomiasis, this method was 

successfully combined with PCR and proved to be sensitive and specific.31 While such an 

assay would have no quantification purposes, NASBA in combination with 

oligochromatography would circumvent the need for a thermocycler and postamplification 

equipment and would be ideal for lower-tech laboratories. Currently, simplified detection 

methods are under development.32   
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Several qPCRs for the detection of Leishmania spp. have been described, but in most 

cases the analytical sensitivity was not reported, an inhibition control was lacking, or the 

assays were based on detection of one specific species, limiting their use in clinical 

diagnosis.11,15,33 The 18S target is preferred, since it is almost completely homologous for 

all Leishmania species13, which increases its value for clinical diagnosis.10,14 When the 

three assays were applied to patient samples, quantitative results were significantly 

correlated between all three assays. No negative results were found, giving a sensitivity of 

100% for this patient group. However, one patient in the CL-negative group was positive in 

all three assays. Based on the clinical symptoms and clinical improvement during 

treatment, this patient is still assumed to have had CL. This would also imply a higher 

sensitivity of these assays than microscopy and the PCR assays applied in this study. The 

other eight nonconfirmed patients who were tested negative probably had ulcerating 

pyoderma. The importance of a high sensitive assay is demonstrated in our results; as 4 out 

of 6 microscopy negative patients were infected with L. (V.) braziliensis, a species of which 

is known to cause low parasite loads in the lesions.34 When L. (V.) braziliensis infection 

remains undetected it can have serious implications for the patient since it can cause 

mutilating mucocutaneous leishmaniasis.35  

In conclusion, all three molecular assays are reliable methods for the detection and 

quantification of Leishmania parasites in clinical samples. The RNA based methods (QT-

NASBA and qRT-PCR) are the most sensitive assays generating reproducible results. The 

QT-NASBA is less convenient since the ECL detection involves more handling steps and 

procedure time. The development of an easy and rapid post amplification method, like 

oligochromatography can increase the value of QT-NASBA for endemic areas with no 

sophisticated laboratory. However, a disadvantage remains the high prices for these 

molecular assays, especially the QT-NASBA. For now, the use of qRT-PCR is 

recommended as a sensitive and most convenient assay, providing highly sensitive 

detection and quantification of Leishmania parasites. This method can be applied for 

diagnosis, treatment efficacy studies, epidemiological studies and vaccine trials.   
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Summary 

 

Background In Suriname Pentamidine Isethionate (PI) is the only available drug for 

treatment of cutaneous leishmaniasis (CL). Recently, local dermatologists have observed an 

increase in CL patients not responding adequately to the standard doses.  

Methods In this study patient compliance to PI treatment was assessed and the efficacy was 

evaluated by comparing clinical criteria and parasitological load in week 3 of treatment. 

Skin biopsies were collected before, during and at the end of therapy and tested in QT-

NASBA, an RNA amplification method.  

Results In total, 67 CL suspected patients were enrolled during recruitment period, of 

which only 23 CL confirmed patients could be followed until the end of treatment. All 23 

patients were found to be infected with L. (V.) guyanensis. A lower cure rate (76% - 78%) 

was estimated than before (90%) and only 50% of the recruited CL patients finished the 

complete treatment schedule.  

Conclusions Since the half of CL patients were treated insufficiently, a much shorter 

treatment protocol should be considered to improve the inadequate follow-up.  
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Introduction 

 

Cutaneous leishmaniasis (CL), a protozoan skin disease, presents a public health problem in 

Suriname, a country in the northern Amazon region of South America. The disease is 

endemic in the forested interior of the country and is locally known as Boschyaws or 

Boessie-Yassi.1 Updated incidence numbers of CL in Suriname are not available. In 

Suriname, CL is primarily a zoonotic disease transmitted by the bite of a female sand-fly of 

the genus Lutzomyia. Humans are considered to be incidental hosts only, while the animal 

reservoir for leishmaniasis has not yet been identified.2 L. (V.) guyanensis has been reported 

to be the only Leishmania species present.1 Most people who contract the disease live 

and/or work in the forested interior of Suriname (gold miners, soldiers, woodcutters) or 

visit it for recreation or hunting.1  

CL is a disease with a wide spectrum of clinical manifestations, from localized to 

mucocutaneous and diffuse forms. Several treatment options are available and choice of 

treatment depends on clinical manifestation and infecting species.3 Pentavalent antimonials 

remain the first choice treatment for CL, with primarily meglumine antimoniate 

(Glucantime ®) as first option for treatment in the New World.4 Currently, the diamidine 

pentamidine isethionate (PI) has become the first line treatment specifically for L. (V.) 

guyanensis infection.5 PI is a safe and effective drug for CL with a comparable cure rate to 

that of pentavalent antimonials.6,7 Moreover, a short course PI has advantages in respect of 

duration and costs.1  

Currently, PI is the only available drug for CL patients in Suriname. With a standard 

treatment regime of 3 to 4 doses of 300 mg PI (once every week) a cure rate of 90% was 

achieved between 1994 and 2000.1 However, dermatologists in Paramaribo (the capital city 

of the country) recently observed that an increasing number of CL patients do not 

adequately respond to the standard treatment (personal communication Prof. dr. R.F.M. Lai 

A Fat, Department of Dermatology, Academic Hospital, Paramaribo). Worldwide a decline 

in the efficacy of pentamidine has only been reported for patients with visceral 

leishmaniasis (the systemic form of leishmaniasis) in India.8 In the past few years, two 
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studies performed in the New World reported high cure rates (84% - 95%), while only one 

study reported a low cure rate of 35% with pentamidine treatment against CL infection.6,9,10  

Inefficacy of antileishmanial therapy may be due to different factors including sub 

therapeutic doses of the drug and insufficient duration of treatment, variable sensitivities of 

Leishmania species or an inadequate immune response of the host.8,9 Little is known about 

the relative therapeutic efficacy of pentamidine against different Leishmania species. So 

far, pentamidine seems to be more effective against L. (V.) guyanensis and L. (V.) 

panamensis than against L. (V.) braziliensis infection.9 In Suriname,  L. (V.) guyanensis has 

been reported to be the only species present.1 However, patients with diverse clinical forms 

of CL have been encountered suggesting that other Leishmania species do occur.11 This 

could influence the efficacy of pentamidine treatment.  

Since no updated reports are available on the current efficacy of and compliance to PI 

treatment in Suriname, a study was conducted in Paramaribo between 2005 and 2006. To 

monitor decrease in parasite loads during and after treatment we applied QT-NASBA for 

follow-up. QT-NASBA, an RNA amplification method, is a very sensitive and specific 

method for the detection and quantification of Leishmania parasites, and was already 

successfully applied in skin biopsies of CL patients.12 We calculated the decrease of 

parasite loads in lesions before, during, at the end and after treatment and compared it with 

clinical response. 

  

Materials and methods 

 

Patients 

The study was conducted at the Dermatology Service (department of Ministry of Health) 

and Dermatology Department (Academic Hospital) in Paramaribo, Suriname between April 

2005 and July 2006. The study population comprised cutaneous leishmaniasis (CL) 

suspected patients visiting these Dermatology clinics. Cases were included in the study if 

they met the following inclusion criteria: age between 17 and 65 years, clinical suspicion of 

CL and written informed consent to participate in the study. One exception was made for a  
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patient younger than 17 years who wanted to participate in the study and after informed 

consent was given by one of his/her parents, this case was also included in the study. The 

study protocol was reviewed and approved by the Medical Ethical Committee of the 

Academic Medical Center (AMC) in Amsterdam (MEC 03/228) in 2003. 

 

Parasitological diagnosis  

CL was confirmed by either the direct microscopic identification of Leishmania 

amastigotes in Giemsa stained smears, histopathological examination in the departments of 

Pathology and Dermatology in Paramaribo or with QT-NASBA in The Netherlands.  

 

Treatment and follow-up  

All patients received standard treatment of 3 to 4 doses 300 mg PI salt (corresponds with 

172.5 mg pentamidine drug; PHARM-InterSprl Brussels Belgium) by intramuscular (IM) 

injection once every week. Patients were evaluated before, at week 2, week 3 (= end of 

therapy for schedule with 3 injections), week 4 (=end of therapy for schedule with 4 

injections) and when possible 6 weeks after the last injection. During each evaluation two 

2-mm skin biopsies were taken with a sterile disposable skin biopsy puncher from the 

active edge of the lesion according to WHO recommendations.13 Skin biopsies were taken 

under local anesthesia with xylocaine, and collected from the same lesion before, during 

and after treatment.  

 

Clinical criteria  

Two experienced dermatologists (Dr. Henry J.C. de Vries and Prof. dr. Wiliam R Faber) of 

the Academic Medical Center (Amsterdam, The Netherlands) evaluated the clinical 

response of the patient by comparing photos of the target lesion at start and in week 3 (last 

day of 3 injections schedule, when patient received the last dose of PI). Both dermatologists 

were blinded for patient characteristics and results of QT-NASBA. The target lesion was 

judged on the following three clinical criteria: re-epithelialization and degree of contraction 

of the lesion, decrease of necrotic tissue and decrease in border activity. For each criteria a 

degree of healing was given between 1 to 5 (1 = very bad, 2 = bad, 3 = no change, 4 = good 
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clinical response, 5 = excellent clinical response), counted up and divided by the number of 

judged criteria (n = 3). A total score of � 3 was defined as initial therapy unresponsiveness.  

 

Nucleic acid extraction  

Skin biopsies (2-mm in diameter) were mixed with 950 �l L6 lysis buffer (50 mM Tris 

HCl, 5 M GuSCN, 20 mM EDTA, 0,1% Triton- X-100) and stored at –70 ˚C at the Central 

Laboratory (Bureau of Public Health, Paramaribo, Suriname). After transport (under cold 

conditions) to KIT Biomedical Research (Amsterdam, The Netherlands) samples were 

stored at –70 ˚C until processing. RNA and DNA were extracted as described by Boom.14 

In brief, skin biopsies were disrupted by shaking the samples with a 5-mm stain-less steel 

bead in the Mixer Mill MM 301 (Retsch GmbH & Co. KG) for 300 seconds at 30 Hz. Next, 

RNA and DNA were extracted with the GuSCN-silica procedure.14 In each extraction serie, 

a standard curve was included (10,000,000; 100,000; 1,000 and 100 parasites per ml blood) 

and three negative controls (water or negative blood) in order to assess carry-over 

contamination. The samples were stored at – 20˚C until further analyses.       

 

PCR-RFLP (mini-exon and hsp70)  

Two Polymerase Chain Reaction - Restriction Fragment Length Polymorphism (PCR-

RFLP) assays were performed to identify the infecting Leishmania species of the patient. 

RNA and DNA extractions of the patient samples, collected before treatment, were 

analysed with the spliced leader RNA gene PCR-RFLP (mini-exon) and Heat Shock 

Protein 70 (hsp70) gene PCR-RFLP, as described by Marfurt et al.15 and Garcia et al..16  

In each PCR run of both assays the following reference strains were included as positive 

controls: L. (V.) guyanensis MHOM/BR/75/M4147, L. (V.) braziliensis 

MHOM/BZ/75/M2903, L. (L.) mexicana MHOM/MX/85/Solis, L. (L.) amazonensis 

MHOM/BR/81/LTB16, L. (V.) lainsoni  MHOM/BR/86/M6426 and L. (V.) naiffi 

MHOM/00/94/CRE58. After amplification, the PCR amplicons were cut by HaeIII (New 

Englands Biolabs) for 2 hours at 37 °C. Next, PCR fragments were detected by UV light on 

a 3% pronarose (Sphaero Q, Burgos Spain) gel, stained with ethidium bromide. A 100-bp 

DNA ladder (Amersham Biosciences, Buckinghamshire, UK) was used as a marker.  
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QT-NASBA  

All samples were analysed in QT-NASBA following the procedures published previously.12 

After extraction and amplification, the samples were detected with  

electrochemiluminescence (ECL) detection method.12 QT-NASBA results with a parasite 

count of > 0.1 P/µl were defined as positive, which is equivalent to 5 parasites per biopsy.   

 

Parasite quantification and statistical analysis  

To quantify the number of parasites with QT-NASBA in biopsy samples, the wild-type 

(WT) RNA of the parasite was co-amplified with in vitro Q-RNA by competitively binding 

of the same primer set.12 ECL generated two signals for each sample by the hybridisation of 

a WT and a Q capture probe; a WT and Q count, respectively. Final parasite counts in each 

sample were obtained by comparing the WT and Q ECL ratio by best-fit regression analysis 

in comparison with a standard curve.17   

A Wilcoxon Signed Ranks Test was used to compare the differences between the results 

of the two biopsies in QT-NASBA collected from the same lesion at the same time-point. A 

Wilcoxon-Mann-Whitney test was used to test for significance (P<0.05) between patients 

with a good and poor clinical response for initial parasite loads.        



Evaluation of pentamidine treatment in Suriname 

 96 

Results 

 

Patient characteristics and compliance  

During the recruitment period, 67 patients with suspicion of CL were included in the study. 

Sixty-four (96%) patients were diagnosed with CL and in three patients the diagnostic tests 

(4%) were negative. Out of 64 CL confirmed patients, 32 patients (50%) received 3 to 4 

injections with PI, 9 patients (14%) received 2 injections, 18 patients (28%) received 1 

injection and one patient (2%) received 7 injections. From 4 patients (6%) the treatment 

status is unknown.  

In total, only 23 out of 64 CL patients received at least 3 injections with PI, and could 

be followed until the end of treatment. The patient’s characteristics are presented in Table 

1. Most patients contracted the disease in the Brokopondo region, in the south east of 

Suriname (n=8) and during work-related activities (n=13). Five out of 23 patients were gold 

miners. Other main activities were hunting (n=6) and recreation (n=4). PCR-RFLP revealed 

that all patients were infected with L. (V.) guyanensis (n= 23). The number of lesions per 

patient ranged from 1 to 16 with a median of 2 lesions. Most patients had their lesions 

located on the extremities (33% arms and 38% legs). The duration of the clinical symptoms 

ranged from 2 - 33 weeks, with a median duration of 7 weeks. Four patients, who were 

included had a Leishmania recurrence 1 month to 4 years after first treatment.   

Nineteen patients were treated with 3 injections and 3 patients received 4 injections of 

300 mg PI once every week. One patient received an extended schedule of 7 injections. 

Only three patients returned 4 to 6 weeks after ending treatment for clinical and 

parasitological evaluation. Three patients returned to the clinic for additional treatment (one 

month and 6 months after ending therapy).  
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QT-NASBA results  

In total 168 skin biopsies were analyzed with QT-NASBA, with two biopsies for each time-

point. One out of 168 skin biopsies was excluded from further analysis, due to 

amplification inhibition. When QT-NASBA results of two biopsy samples from the same 

patient collected at the same time point were compared, no significant difference were 

found in parasite counts (P = 0.063).  

In Table 2 and Figure 1 QT-NASBA results are presented for four relevant time-points 

(before, week 2 [day of 2nd injection], week 3 [day of 3rd injection] and week 4 [day of 4th 

injection or one week after 3rd injection]). For each patient and time-point the mean QT-

NASBA result of two biopsies was calculated. The results are divided into three categories: 

high (> 1,000 parasites/biopsy), low (1 to 1,000 parasites/biopsy) or negative (0 

parasites/biopsy) parasite counts. All skin biopsies collected at start of treatment (n= 22; 

from one patient no pre-treatment biopsy was collected) were positive with a median 

parasite count of 14,600, ranging from 66 to 194,000 parasites/biopsy. In week 2 [day of 2nd 

injection] a median was found of 5,830, ranging from 0 to 464,000 parasites/biopsy, with 

only 2 out of 22 patients (9%) negative in both skin biopsy samples. In week 3 (day of 3rd 

injection) a median parasite count of 16 was found, ranging from 0 to 36,000 

parasites/biopsy. Twelve patients (52%) had positive QT-NASBA results. In week 4 (day 

of 4th injection or one week after 3rd injection), a median was found of 0, ranging from 0 to 

85,900 parasites/biopsy with only 6 out of the 15 patients (40%) with positive parasite 

counts.  

   

 

Table 2.  QT-NASBA results (duplicate biopsies from 23 patients) before, at end of  
therapy and one week after. 

Three to four doses of pentamidine (300mg/week) QT-NASBA 
(parasites/biopsy) Before Week 2 Week3 Week 4 

Negative 0 3 5 9 
1-1000 2 6 11 4 
> 1000 20 13 7 2 
Total 22 22 23* 15** 

* For 20 patients last day of treatment 
** For 3 patients last day of treatment 
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Median QT-NASBA results w ith ranges in log values before 
treatment, at week 1, week 2 and week 3
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Figure 1. Median QT-NASBA results in log values before, during and after or at the end of treatment 
1 = before treatment [1st Injection] 
2 = week 1 [2nd Injection] 
3 = week 2 [3rd Injection] 
4 = week 3 [None or 4th Injection]  

 

Clinical criteria 

From 21 patients the photos were assessed by dermatologists in week 3 (from two patients 

the photos could not be evaluated). Five out of 21 patients (24%) showed a therapy 

unresponsiveness based on the 3 clinical criteria of their target lesion. When initial parasite 

loads calculated in QT-NASBA were compared between patients with a good clinical 

response (n=17, from one patient the initial samples were not collected) and a poor clinical 

response (n=5), no significant differences were found in QT-NASBA (P= 0.784). Median 

parasite count in QT-NASBA in week 3 was higher in the patients with a poor clinical 

response than with a good clinical response (Figure 2). One of these patients received an 

extended injection schedule after the three standard injections, and additional treatment in a 

later follow-up. Two patients did develop a treatment failure and were treated 3.5 to 5.5 

months later with another course of PI. It is unknown if the other two patients with a poor 

clinical response also developed a treatment failure.  

Three patients with a good clinical response at the end of treatment returned 4 to 6 

weeks after treatment and their lesions showed further improvement. Additional skin 

biopsies collected on these time-points were negative in QT-NASBA (data not shown).   
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Figure 2.  Median QT-NASBA results with ranges before and in week 3 of 21 patients (clinical 
response of two patients could not be assessed). Clinical response in week 3 was assessed by two 
dermatologists based on three criteria (degree of epithelialization and contraction, necrotic tissue and 
border activity). Patients with a score � 3 had a poor clinical response, and > 3 had a good clinical 
response. 

1 = Before treatment 
2 = Good clinical response in week 3 
3 = Poor clinical response in week 3 
* Pre treatment biopsies are missing for one patient 

 

Discussion 

 

A worrying result of this study is the high inclusion rate, but very low follow-up rate of the 

CL confirmed patients. Only 23 out of 64 patients could be followed until the end of 

treatment. In contrast to other studies in which evaluation time points of 6 and 12 months 

are included, the present study was adjusted to the practical situation in Suriname with an 

insufficient follow-up, and clinical response was evaluated at end of therapy of the 3rd or 4th  

injection.  

Most patients live and work in the forested interior. Some patients stay and receive their 

complete injection schedule in Paramaribo, while others buy the pentamidine ampoules at 

the pharmacy and return to the interior where they administer the medicines. Other patients 

only receive part of their injection schedule, because they simply do not have money for 

N = 20* 
N = 16 N = 5 
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further treatment. In our study only 50% (n=32) of the patients received the complete 

therapy of at least 3 injections at one of the two clinics in the city. The very low compliance 

of patients to the treatment and lack of control is a major problem in Suriname. This 

situation could lead to incomplete therapy and sub-therapeutic pentamidine blood levels, 

contributing to development of resistant parasites.18 In the end the emergence of drug 

resistant parasites could limit the usefulness of the drug. It is not clear how many patients 

are receiving the complete treatment or develop treatment failures. During the inclusion 

period, four patients were encountered with persisting CL for over 4 years with several 

unsuccessful pentamidine isethionate (PI) treatment periods (observation during this study).  

In the present study a wide variation in parasite loads was observed after the same PI 

treatment schedule. Negative QT-NASBA results were found for 12 patients at the end of 

therapy of 3 or 4 injections (in both skin biopsy samples). It has been previously reported 

that QT-NASBA has a Negative Predictive Value (NPV) of 89% and a Positive Predictive 

Value (PPV) of only 46% at end of therapy [Chapter 3]. This suggests that in principle 

almost all 12 QT-NASBA negative patients at end of therapy will be clinically cured at 6 

months after end of treatment, but 5 out of 11 QT-NASBA positive patients will develop a 

treatment failure. Based on these numbers (18 patients cured vs 5 patients developing a 

treatment failure) the cure rate of 3 to 4 injections of 300 mg PI is estimated as 78%. This 

number is even lower if the 3 patients who were also treated for CL one month to one year 

before the study period are not included. These 3 patients started with lower QT-NASBA 

counts at start of treatment, and turned already negative in week 2 of their treatment. 

Furthermore, assuming that a low clinical response in week 3 would predict a treatment 

failure in a later stage (for at least 3 out of 5 patients this is true) a cure rate of only 76% 

would be found. If these numbers are valid, this would imply a reduced efficacy from 90% 

to 76% - 78% for PI treatment in Suriname with the standard doses.   

The outcome in this study was not related to infecting parasite species, since all patients 

were infected with L. (V.) guyanensis.  However, not only genetic variation between 

species, but also within Leishmania parasites of the same species may be the base of 

different clinical characteristics such as virulence, pathogenicity and sensitivity to certain 

drugs.19 Molecular characterization of Leishmania New World isolates show tremendous 
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diversity within this genus, which could produce different phenotypes associated with 

different clinical characteristics.19 In French Guiana and in Amazonas state in Brazil 

antigenically distinct populations of Leishmania (V.) guyanensis have been 

encountered.20,21 Two distinct L. (V.) guyanensis populations in French Guiana were 

described related with different parasite loads in the lesions, need for different doses of 

pentamidine and linked to two different ecologically regions.21 These L. (V.) guyanensis 

populations could also be present in Suriname. In a future study larger patient groups from 

different parts of the country are needed to find out if distinct L. (V.) guyanensis strains are 

linked with different clinical characteristics.  

Since there is a major concern about the small number of drugs currently under 

exploitation for leishmaniasis and no alternative medicines are available which are more 

simple in use and lower in cost, all measures should be undertaken to avoid the 

development of resistant parasites to existing drugs.22 This study emphasizes the need for a 

reformulated treatment regime with pentamidine in Suriname to increase patient 

compliance to treatment. Following promising results obtained in French Guiana with a 

shorter pentamidine schedule, but with higher doses per injection, the implementation of 

the same protocol in Suriname should be considered.10 A single or two injections (given 48 

hours apart) with higher doses of 7 mg/kg PI per injection (corresponds with 4 mg 

pentamidine drug) cured 78.8% or 83.6% of the patients, respectively. While the single 

injection treatment has a similar cure rate as the estimated cure rates (76%-78%) in our 

study, a single injection protocol would still increase treatment compliance and save the 

patients from the interior time and money when visiting Paramaribo.  
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Summary 

 

First case of disseminated cutaneous leishmaniasis caused by Leishmania (Leishmania) 

amazonensis was identified in Suriname using molecular and isoenzymatic assays. The 

patient was successfully treated with miltefosine, and followed-up with QT-NASBA. This 

is the first reported case of infection with a different Leishmania species from L. (Viannia) 

guyanensis in Suriname.  
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Introduction 

 

Leishmania, a protozoan parasite, causes a wide spectrum of diseases in humans and wild 

or domestic mammals. Leishmaniasis is one of  the most important vector-born tropical 

diseases targeted by the World Health Organization (WHO) with 12 million people affected 

every year.1 In the New World (an area ranging from the South of the United States down 

to the Rio de Janeiro region in Brazil) the disease is caused by at least ten species of the  

Leishmania and Viannia sub-genera. While most species, like for example Leishmania 

(Viannia) guyanensis,  cause localized self-limiting ulcera, two percent of patients infected 

with L. (V.) braziliensis develop muco-cutaneous leishmaniasis (MCL), with spread of the 

parasite to the facial mucosae (nasal, oral, pharyngeal and even laryngeal mucosae).2 

Parasite species of Leishmania sub-genus can cause anergic diffuse (ADCL) or 

disseminated cutaneous leishmaniasis (DCL), with extensive spread of the parasite over the 

skin.3 MCL, ADCL and DCL can cause severe patient disfigurement. 

 Currently, there are only a few documented studies on cutaneous leishmaniasis (CL) in 

Suriname4-6, a country situated in the Amazon basin of South America. Mean CL incidence 

from 1979-1985 was estimated to be 4.9 per 1,000 inhabitants for the rainforest interior of 

the country, and 0.66 per 1,000 as a whole.4 Infections are most often encountered in 

humans who work in the forest (gold miners, woodcutters, soldiers), tourists and hunters. 

So far, only L. (V.) guyanensis is described as causative agent of CL in Suriname.4,5 Three 

known vectors of CL are found in the country, Lutzomyia umbratilis,  Lu. flaviscutellata 

and Lu. whitmani, of which the first is known to be the principal vector of L. (V.) 

guyanensis.7 While Lu. flaviscutellata and Lu. whitmani are proven vectors of clinical 

relevant species (L. (L.) amazonensis and L. (V.) braziliensis), these Leishmania species 

have not been detected up till now in Suriname. However, patients with clinical symptoms 

typically associated with L. (L.) amazonensis and L. (V.) braziliensis (like satellite lesions 

and mucocutaneous involvement) have been encountered, suggesting that other Leishmania 

species do occur.  
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Case report 

 

A 17-year-old man was presented at the Dermatology Service in Paramaribo with  multiple 

cutaneous ulcerations, nodules and fibrotic plaques disseminated in his face and on his 

limbs and trunk. Subcutaneous nodules in the course of lymph draining tracts on arms and 

legs suggested an infectious process with lymphatic dissemination. The patient had 

acquired the infection at around the age of 5 and came from an inland village Duwatra, 

located at the Brokopondo lake (central-east Suriname) and had never resided outside the 

country. The patient received intramuscular pentamidine therapy in 1997, 1998 and 2005, 

without sustained clinical effect. Because the diagnosis CL was doubted, the patient had 

also been treated for borderline lepromatous leprosy. In 2006, the diagnosis CL was 

confirmed with histopathology, culture and PCR. Parasites were cultured and the strain was 

sent for species identification by multilocus enzyme electrophoresis (MLEE) to the 

National Reference Centre of Leishmania (Montpellier, France). The parasite was also 

identified by a PCR-restriction fragment length polymorphism method on the ribosomal 

small subunit and internal transcribed spacers genes (PCR-RFLP SSU-ITS).8 

Following promising results obtained with miltefosine treatment in an ADCL patient in 

Venezuela9, the patient received 150 mg/day oral miltefosine (Impavido®, Zentaris, 

Germany) for 98 days and was parasitological followed with QT-NASBA to monitor 

decrease in parasite loads in his lesions. Skin biopsies were collected from one target lesion 

before treatment, during treatment at day 14, day 28, day 42 (all in duplo) and at day 70 

(single biopsy sample). DNA/RNA was extracted and tested in QT-NASBA assay as 

described before.10  

 

Discussion  

 
The strain causing the infection (MHOM/SR/2006/SP100) was identified as Leishmania 

(Leishmania) amazonensis by PCR-RFLP (Figure 1) and the enzymatic profile was equal to 

L. (L.) amazonensis zymodeme MON-41.  
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Figure 1. PCR-RFLP SSU-ITS  
1 = Leishmania (Viannia ) peruviana 
MHOM/PE/87/LC106; 2 = L. (V.) panamensis 
MHOM/CR/87/NEL3,  3 = L. (V.) lainsoni 
MHOM/PE/03/LH2443, 4 = L. (V.) naiffi 
MDAS/BR/79/M5533, 5 = Leishmania 
(Leishmania) mexicana MHOM/BZ/85/ 
BEL58, 6 = L. (L.) amazonensis MHOM/ 
BZ/73/ M2269, 7 = L. (V.) braziliensis 
MHOM/BZ/75/M2903, 8 = L. (V.) guyanensis 
MHOM/BR/75/M4147, 9-10 = patient sample, 
11 = A 100-bp low-molecular-size marker 
 
 

 

 

Histopathology showed large macrophages containing abundant Leishmania amastigotes 

and scattered lymphocytes and plasma cells. There was no granuloma formation. A 

significant clinical improvement was observed during the first two months of therapy with 

lesions slowly decreasing in size and induration. At day 70, all ulcerative lesions were 

completely re-epithelialized, without signs of infiltration or lymphangitis. At start of 

treatment parasite counts of 360,000 and 310,000 parasites per biopsy were detected with 

QT-NASBA and parasite counts decreased during treatment until 0 parasites/biopsy at day 

70 (Figure 2). Histopathology at day 70 revealed no Leishmania bodies, but nodular 

lymphocyte and plasma cell infiltrate and fibrosis. While mild elevation of creatine and 

urea was observed during the course of treatment no subjective or adverse side effects were 

reported.  

L. (L.) amazonensis is known to cause different clinical forms of cutaneous 

leishmaniasis (CL) of which disseminated (DCL) and anergic diffuse cutaneous 

leishmaniasis (ADCL) are the most serious manifestations.3 Both forms are characterized 

by the presence of heavily parasitized macrophages and a negative delayed hypersensitivity 

skin-test reaction prior to treatment.3 DCL is an intermediate form between localized CL 

and ADCL. Prior to treatment DCL patients show the presence of lymphocytes and plasma 

cells in histopathology, and during treatment the macrophage reaction will be replaced by a 

1      2      3     4     5      6     7     8     9    10   11    
M 
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nodular lymphocyte and plasma cell infiltrate. The histopathological picture in skin sections 

of our patient corresponded with this description. Furthermore, the patient showed 

lymphatic dissemination of infection and presence of erythematous infiltrated plaques, both 

characteristics of DCL.3  

 

Log QT-NASBA results during miltefosine treatment
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Figure 2. Log QT-NASBA results of duplicate skin biopsies collected from the same lesion during 
treatment. End = end treatment. 
 

 

In contrast to ADCL, DCL seems to have a good prognosis of cure, even for more difficult 

patients who were unsuccessful in earlier treatments, with total restoration of the cell-

mediated immune response.3  Pentamidine, the only available treatment in Suriname for 

CL5, had been administered to the patient without sustainable clinical effect. While initially 

promising results had been described with miltefosine in an ADCL patient9, in a following 

clinical study 15 out of 16 ADCL patients presented new lesions after suspension of 

treatment.11 In this study, the DCL patient showed a similar spectacular clinical 

improvement during the course of miltefosine treatment with complete remission at day 70. 

At this time point, no Leishmania parasites were detected with histopathology and QT-
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NASBA. The patient was followed 58 days (Figure 3) and seven months after end of 

therapy, and so far the patient did not develop new lesions and histopathology remained 

negative. However, clinical follow-up of these patients remains of great importance.   

 
  
 

  

 

 

 

 

 

 

Figure 3. Infiltrated lesions on the hands before (a) and 58 days after treatment (b)  

 

In general, L. (L.) amazonensis infection is rare in humans.12 Bordering countries like 

French Guiana on the eastern side of Suriname, report very few patients (around 1.9%) 

infected with this species.12 It seems that the sand fly vector of L. (L.) amazonensis,  Lu. 

flaviscutellata, is not attracted to man and not active during the day.13 From an earlier study 

it was known that this vector is present in Suriname.4 Whether the parasite L. (L.) 

amazonensis is circulating in Suriname was not known up until now.  

Many gold diggers from the northern part of Brazil work and travel in Suriname and are 

familiar with CL. In the State of Pará in Brazil, a region bordering Suriname in the south, 

the infection rate with L. (L.) amazonensis is higher (34.8%)14 and it is conceivable that 

infected gold diggers from that area have introduced L. (L.) amazonensis into Suriname. 

Our patient used to live in a village where many Brazilian gold diggers worked around the 

time he got infected. Migration of labourers is associated with an increased risk for CL 

infection.15 However, the zymodeme MON-41 seems to be wide-spread in Central and 

northern part of South America, since the same zymodeme has also been reported in 

a 

(b) (a) 
(a) (b) 
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Venezuela, Brazil, Panama, French Guiana and Colombia (Pratlong F. & Dedet J.P., 

Montpellier International Cryobank of Leishmania, 2007). For this reason, speculations on 

the origin of the infection described here can only be done cautiously. Further research is 

necessary to identify the number of infected patients with the same or other clinical relevant 

species in Suriname, and the possible need for implementation of other medicines.   
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Summary 
 

Cutaneous leishmaniasis (CL) is a widespread disease in Suriname caused by Leishmania 

Viannia guyanensis. It is suggested that also other Leishmania species are responsible for 

CL and that incidence is increasing. This study aimed to identify Leishmania species 

causing disease and to estimate the annual detection rate of CL in Suriname in 2006. In 

Paramaribo, 152 patients were registered, from which 33 could be tested in two PCR-RFLP 

methods. Twenty-seven patients were infected with L. (V.) guyanensis (complex), one with 

L. (V.) lainsoni and one with L. (Leishmania) amazonensis. In the hinterland 162 CL 

suspected patients were registered by means of questionnaires, from which 24 out of 27 

were positive in PCR-RFLP: 88.9% (95% CI 77.1% - 100%). With extrapolation an annual 

detection rate was calculated of 5.32 to 6.13 CL patients per 1,000 inhabitants for the 

hinterland and 0.64 to 0.74 patients per 1,000 inhabitants for the whole country.   
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Introduction 

 
Leishmaniasis is a vector-borne disease caused by the obligate intracellular protozoan 

Leishmania parasites of vertebrate hosts, including humans. The disease is prevalent 

throughout the world in 88 countries, with an overall prevalence of 12 million people, 

causing a burden estimated at 946,000 disability adjusted life years (DALY) for men and 

1,410,000 for women.1 In Suriname, an endemic country in the northern part of South 

America  cutaneous leishmaniasis (CL) is widespread in the primary rain forest and mainly 

affects people during the rainy seasons. It was already described in 1911 and is locally 

known as Boschyaws or Boessie-Yassi.2 CL was considered a minor health problem 

compared to malaria in Suriname, thus few reports have been written on incidence, identity 

of parasite, vector and host reservoir.3  

Last estimations of the annual incidence of CL in Suriname were made between 1979 

and 1985; 4.9 cases per 1,000 inhabitants for the forested hinterland and 0.66 per 1,000 

inhabitants for the whole country.4 The sandfly Phlebotomus anduzei was described as 

vector5, currently believed to be Lutzomyia umbratilis.3 The two-toed sloth (Choleopus 

didactylus), the anteater (Tamandua tetradactyla) and several species of marsupials and 

rodents are assumed to be reservoirs of Leishmania in Suriname.6 So far, only Leishmania 

(V.) guyanensis is described as causative organism of human CL in Suriname.7 One case 

with visceral leishmaniasis has been reported in 19538, but in that case the parasite was not 

analytically identified, and could have been mistaken for Histoplasma spp.9 However, the 

Dermatological clinics in the country are at present encountering patients with more 

disseminated forms of CL and even mucocutaneous involvement with variable responses to 

treatment, suggesting the presence of other infecting Leishmania species.4   

Species identification is essential, as the prognosis of CL varies with and choice of 

treatment depends on the causative Leishmania species.10 Multilocus enzyme 

electrophoresis is the gold standard for identification of Leishmania (sub-) species and 

represents the basis of current taxonomy.11 However, PCR-Restriction Fragment Length 

Polymorphism (RFLP) represents a good alternative, circumventing the need for parasite 

isolation and cultivation.12-14 PCR-RFLPs are often directly applicable to clinical samples, 
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less technically demanding and allow high throughput analyses. The first objective of this 

study was the identification of infecting Leishmania parasites in Suriname. Therefore, two 

PCR-RFLP methods were performed on skin biopsies of CL suspected patients who were 

prospectively included in Paramaribo.12,13  

A second objective of this study was to estimate the annual detection rate of CL in 

Suriname in 2006. Vector-borne diseases like leishmaniasis, are thought to (re-) emerge in 

some areas due to environmental changes.15 In Suriname, deforestation and gold mining 

activities in the forested hinterland are increasing and there is a considerable high 

migration, mainly from gold miners from Brazil. CL is not an obligatory registered disease 

in Suriname, therefore no up-to-date data are available on prevalence or incidence of this 

disease. To meet the second objective, medical records were retrospectively reviewed at the 

dermatology clinics in Paramaribo, questionnaires were distributed to 55 medical posts in 

the forested hinterland and 7 of these medical posts were visited.     

 

Materials and methods 
 

The study  

The study was reviewed and approved by the Medical Ethical Committee of the Academic 

Medical Center (AMC) in Amsterdam (MEC 03/228) and by the Ministry of Health in 

Paramaribo (VG 2006-001). One part of the study was conducted at the dermatology clinics 

(Dermatology Service of Ministry of Health and Dermatology Department, Academic 

Hospital) in Paramaribo, the capital, and the second part in the hinterland of the country in 

collaboration with the Medical Mission (MZ, Primary Health Care Suriname Paramaribo, 

Suriname).  

 

Paramaribo  

CL suspected patients were included prospectively at the dermatology clinics in Paramaribo 

from January to March and June to August 2006. Patients were included when informed 

consent was obtained and lesions were not confined to the face. They were interviewed, 

examined and 2-mm skin biopsies were collected from the indurated border of the lesion. 
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Patients were defined as CL positive when skin smear and/or PCR (hsp 70 or mini-exon) 

were positive. Additionally, a retrospective study was performed based on medical records 

to detect the number of CL patients (who were not included in the prospective study) who 

visited the dermatology clinics in Paramaribo in 2006.  

 

Hinterland  

Questionnaires were distributed to all 55 medical posts in the forested hinterland in 2006. 

The questionnaire included questions regarding age, gender, profession, ethnic group, 

medical history, (estimated) date of infection, start of symptoms, number and location of 

lesions and presence of lymphangitis. Health workers were asked to fill in a questionnaire 

for every new patient clinically diagnosed with CL, and to return these forms to the head 

office in Paramaribo.  

To validate this method, seven medical posts in the forested hinterland in different parts 

of Suriname were visited from February to April 2006. Questionnaires were reviewed and 

current CL suspected patients were physically examined. Biopsies were collected from the 

indurated border of the CL suspected lesion. 

 

Parasite characterization  

Skin biopsies were stored in L6 lysis buffer (50 mM Tris HCl, 5 M GuSCN, 20 mM EDTA, 

0,1% Triton- X-100) at -70˚C at the Central Laboratory (Paramaribo, Suriname). After 

transport to KIT Biomedical Research (Amsterdam, The Netherlands), the samples were 

processed as described by Van der Meide et al..16 Nucleic acid extractions of the patient 

samples were analyzed in two PCR- Restriction Fragment Length Polymorphism (RFLP) 

methods; one assay was based on the spliced leader RNA gene (mini-exon) and the other on 

Heat Shock Protein 70 (hsp70) gene, as described by Marfurt et al.13 and Garcia et al..12  

In each PCR run, the following reference strains were included as positive controls: 

Leishmania (Viannia) guyanensis MHOM/BR/75/M4147, L. (V.) braziliensis 

MHOM/BZ/75/M2903, L. (Leishmania) mexicana MHOM/MX/85/Solis, L. (L.) 

amazonensis MHOM/BR/81/LTB16, L. (V.) lainsoni  MHOM/BR/86/M6426 and L. (V.) 

naiffi MHOM/00/94/CRE58.  



Epidemiology of CL in Suriname 

 122 

Calculations  

The proportion (upper and lower limit) of PCR positive patients in the study population in 

the forested hinterland was calculated by a 95% confidence interval (1.96 × SE). To 

estimate the detection rate of CL patients in Suriname the estimated number of CL patients 

(lower and upper limit) were divided by the number of inhabitants for the whole country 

(487,024) and forested hinterland (59,034) (numbers provided by the Medical Mission and 

General Bureau of Statistics, Paramaribo).    

 

Results 
 

Paramaribo   

Thirty four CL suspected patients were included in the prospective study in Paramaribo. 

Thirty-three patients were defined as CL patients (based on microscopy and/or PCR), while 

one patient was tested negative, and excluded. Twenty-seven out of the 33 CL patients were 

positive in both mini-exon and hsp70 PCR; twenty-five patient samples were identified as 

L. (V.) guyanensis, one  sample as L.( V.) lainsoni and one sample as L. (L.) amazonensis. 

Two patient samples were identified as L. (V.) guyanensis in mini-exon PCR-RFLP, but 

were negative in hsp70 PCR. Since L. (V.) guyanensis has the same fragment pattern as L. 

(V.) lainsoni in mini-exon PCR-RFLP,  L. (V.) lainsoni can not be excluded as causative 

agent in these cases.. Four patients were positive by microscopy, but negative with PCR. 

Geographical distribution and infecting Leishmania species of the 29 CL confirmed patients 

are presented in Table 1.  

 

Table 1. Twenty-nine CL confirmed patients who visited the Dermatology departments in 
Paramaribo (n = 29) in 2006. 
Region of infection  (no, %) Infecting species: 
      Upper Suriname 1 (3%) L. (V.) guyanensis 
      Brokopondo 17 (59%) L. (V.) guyanensis (complex) 

L. (V.) lainsoni 
L. (L.) amazonensis 

      East Suriname 5 (17%) L. (V.) guyanensis  
      West Suriname 2 (7%) L. (V.) guyanensis 
      French Guiana 2 (7%) L. (V.) guyanensis (complex) 
      Unknown 2 (7%) L. (V.) guyanensis 
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Additionally, 111 medical records of CL patients were filed at the Dermatology Service, 

while 8 records were filed at the Academic Hospital in 2006. These patients were not 

included in the prospective study. Added up together, 152 CL patients were registered at 

the dermatology clinics in Paramaribo. All patients were confirmed CL positive with 

microscopy, histopathology and/or PCR. The median age was 30 years (range, 2-71), most 

patients were male (n= 124, 81.6%), Maroons (n=96, 63.2%) and they lived and/or worked 

in the forested hinterland. 

 

Hinterland 

In total, 162 questionnaires of CL suspected (CLS) patients, 99 male and 63 female, were 

returned to the coordination centre of the Medical Mission from 28 out of 55 medical posts 

(51%) in the hinterland. None of these patients were registered at the dermatology 

departments in Paramaribo. The median age was 24 years (range, 3-81 years) and the 

median number of lesions was 1 (range, 1-42). Most of the lesions were localized on the 

legs (n=107, 66%) and arms (n=46, 28%). Maroons (n=151, 93%) were found as the main 

ethnic group infected with the disease, while the minorities were indigenous Amerindians 

(n=4, 2.5%), Brazilians (n=2, 1%), East Indians (n=1, 1%) or unknown (n=4, 2.5%). 

Leishmania infection was contracted in the villages where patients were living (n=86, 53%) 

or where the patients were working (n=67, 41%). Most of the patients were children (n=44, 

27%), immigrant gold miners (n = 42, 26%) or women (n= 36, 22%).  

Figure 1 presents the distribution of the 55 medical posts. Table 2 presents number of 

registered inhabitants, the number of medical posts per region and the number of CLS 

patients. Most of the CLS patients were registered in Upper Suriname (n=83, 51.2%), 

where also most inhabitants are registered (n=23,818). The highest mean detection rate was 

found in the Brokopondo region with 4.14 CLS patients per 1,000 inhabitants. Only 10% of 

the inhabitants of the forested hinterland are Amerindians, while 90% are Maroons. When 

the numbers of CLS patients were calculated per ethnic group, a mean detection rate was 

found of 2.45 CLS patients per 1,000 inhabitants for the Amerindians (15 CLS patients per 

6,127 inhabitants), and 3.69 CL patients per 1,000 for Maroons (195 CLS patients per 

52,907 inhabitants). In total, 32 out of 39 (82.1%) medical posts located in Maroon villages  
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Figure 1. Distribution of the 55 medical posts.  
 

  
 = Upper Suriname 
2 = Brokopondo 
3 = East Suriname 
4 = Saramacca 
5 = West Suriname 
6= South East Suriname 
7= South Suriname 
     = one medical post 
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registered CLS patients, while only 5 out of 16 (31.3%)  medical posts in Amerindian 

villages. Figure 2 shows the number of registrations per month. Most patients were 

diagnosed in March (35%). Date of start clinical symptoms was not consequently reported 

on the questionnaires, so no conclusion could be drawn in this respect.  

 

Figure 2. CL suspected patients (n=162) registered by questionnaires, showing seasonal 
pattern of CL infection in the forested hinterland of Suriname in 2006. Number of patients 
peaked in March during the short dry season.  
Uk = unknown 

Table 2. Distribution of medical posts (n=55), number of registered inhabitants 
(n=59,034) and number of registered CL suspected patients (n=162) by means of 
questionnaires (Suriname, 2006). 

 
Region 

No. of 
medical 

posts 

No. of 
registered 

inhabitants 

No. of CL 
suspected 

patients (%) 

Detection rate per 
1,000 inhabitants 

1 Upper Suriname 13 24,499 83 (51.2%) 3.39 
2 Brokopondo 14 13,041 54 (33.3%) 4.14 
3 East Suriname 12 15,538 19 (11.7%) 1.22 
4 Central West 6 1,606 2 (1.2%) 1.25 
5 West Suriname 3 1,802 3 (1.9%) 1.66 
6 South East Suriname 4 1,293 0 0 
7 South Suriname 3 1,255 1 (0.6%) 0.80 
 Total 55 59,034 162  
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Medical visits hinterland  

It was possible to examine 28 out of the 162 CLS patients during the visits at the medical 

posts. One patient was also examined in the prospective study in Paramaribo, and thus 

excluded in this group. In four different regions medical posts were visited: Brownsweg in 

the Brokopondo region (eleven patients), Gujaba in Upper Suriname (eight patients), 

Langetabbetje, Nason, Gakaba and Apuma in East Suriname (seven patients) and 

Kwamalasamutu in South Suriname (one patient). From these 27 patients skin biopsies 

were collected, and tested in mini-exon and hsp70 PCR. Fifteen patients were positive in 

mini-exon and hsp70 PCR and identified as L. (V.) guyanensis; 9 patients were positive in 

mini-exon PCR (identified as L. (V.) guyanensis complex), but negative in hsp70 PCR; 3 

patients were negative in both assays. In the end, 24 out of 27 CLS patients (88.9%) were 

positive for CL (95% CI 77.1% - 100%). 

     

Estimation annual detection rate 

In total 162 CL suspected patients were registered by means of questionnaires. The Medical 

Mission Coordination center registered 48 CL suspected patients notified at 13 medical 

posts without completion of a questionnaire. In total, 210 individuals from the hinterland 

were considered as CLS patients. Based on the PCR results of 27 examined patients (88.9% 

positive CL patients [95% CI 77.1% to 100%]), the number of patients who were 

considered as truly positive ranged between 162 (77.1%) and 210 (100%) patients. Besides 

the 33 CL confirmed patients from Paramaribo, 111 CL patients were registered at the 

Dermatology department and 8 at the Academic hospital. In total, the number of calculated 

CL patients in 2006 ranged from 314 (77.1%) to 362 (100%). Overall, an annual detection 

rate was found of 5.32 to 6.13 CL patients per 1,000 inhabitants for the forested hinterland 

and 0.64 to 0.74 patients per 1,000 inhabitants for the whole country.        
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Discussion 
 

This study is the first to report that some CL patients in Suriname are infected with other 

species than L. (V.) guyanensis, namely L. (V.) lainsoni or L. (L.) amazonensis. These 

species can be considered as true endemic, as the infected patients had never travelled 

outside the country. An annual detection rate of CL infection for the whole country was 

found that was comparable to the annual incidence found between 1979 and 1985.4 This 

may imply that annual incidence of CL infection in Suriname has been relatively stable 

since 1985.    

The high L. (V.) guyanensis incidence rate in Suriname found in the present study is 

comparable with the rate observed in French Guiana (95.8%), the neighbouring country on 

the eastern border17 where also L. (L.) amazonensis (1.9%), L.( V.) lainsoni (0.5%) L. (V.) 

braziliensis (1.4%) and L. (V.) naiffi (0.5%) are found as cause of human CL infection. This 

study demonstrates that some of these species are also present in Suriname. L. (V.) lainsoni 

is clinically not relevant and can be treated similar as L. (V.) guyanensis. However, L. (L.) 

amazonensis can cause severe disease, i.e. the anergic diffuse form of CL, which is very 

difficult to treat.18 The L. (L.) amazonensis infected patient from Suriname had 

disseminated CL for more than 11 years, and did not respond to the standard treatment with 

Pentamidine [Chapter 6]. L. (V.) braziliensis, while endemic in neighbouring countries, is 

up till now not found in Suriname. As this species can cause the destructive mucocutaneous 

form and needs to be treated with prolonged different systemic medication10, regular 

surveillance of the causing species remains important.  

Most patients who visit the dermatology departments in Paramaribo are young adult 

males (82%) who enter the forest mostly for occupational activities. This is in contrast to 

the forested hinterland where children and women accounted for 49% of the total registered 

patients. This may indicate that transmission occurs often within villages as described in a 

previous report.19 

Many immigrant Brazilians are working in Suriname. Most of them probably originate 

from the same poor areas in the northern of Brazil as reported in French Guiana.20 No 

official registration of these immigrants is available, while estimations of around 30,000 are 
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made (Leslie O.A. Sabajo, 2007, personal communication). Many of these immigrants are 

involved in gold mining, that increases their risk for exposure to infected vectors instantly. 

Risk for infection in a gold mining village can be 65 times higher than in other areas in the 

rainforest.20 It is known that many Brazilian workers are familiar with this disease, and 

often obtain the medications in Paramaribo for self medication in the forested hinterland. In 

our study, we only registered a very low number of Brazilian CL patients.  

Amerindians have their own traditional treatment methods and do not seek treatment at 

the medical posts of the MZ. Many of these patients are likely not registered in this study. 

The mean detection and response rate was indeed lower for the Amerindians (2.45 CL 

patients per 1,000 inhabitants; 31.3% medical posts with CLS registrations) than for the 

Maroons (3.69 CL patients per 1,000 inhabitants; 82.1% medical posts with CLS 

registrations). Furthermore, this study was based on a passive surveillance and not on a 

cross-sectional population-based survey, what would probable have led to a higher number 

of registrations. A study in Guatemala compared active and passive case detection of CL, 

and showed that the numbers obtained through active case detection were 40 times higher 

than those obtained by passive detection.21 The true annual incidence of CL in Suriname is 

therefore likely to be underestimated, because it was difficult to calculate the number of 

patients that were not registered in the present study.   

CL in Suriname is a seasonal disease. The rainy seasons are from November up to 

January and from May up to July. In the present study, most patients were registered during 

the short dry season in the month March (35%). Unfortunately, the transmission period 

could not be determined, because the dates of onset of clinical symptoms were not properly 

recorded. Nevertheless, most likely the transmission period is between October to 

December, which is also for French Guiana where a similar climate prevails.22 Flu already 

described the rainy seasons as the most important season for CL transmission.2 Global 

warming is likely to affect this seasonal pattern of transmission, because climate and CL 

transmission seems to be related.23 While some researchers predict little change in the 

geographical distribution and incidence of CL24, others suggest that global warming is 

likely to increase the incidence of the disease in some areas in the north of South 

America.25   
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 Although there is a proper health system infrastructure in the hinterland of Suriname, there 

is still uncertainty of the actual CL incidence, population size, turnover, and migration 

routes. Patients in the hinterland of Suriname receive Pentamidine treatment for free, but 

the cost of this treatment in Paramaribo is high, and often beyond the income of most 

patients. This may result in inadequate treatment, what could lead to patients remaining a 

reservoir of infection. In addition, other Leishmania species can easily be introduced into 

Suriname from neighbouring countries. The present study emphasized this concern, 

because two new species for Suriname were identified in only a very small study group, 

from which one patient had major clinical implications. This proves the urgent need for 

larger studies, not only to identify more Leishmania isolates and quantify CL incidence 

more accurately, but also to identify risk factors and socio-economic consequences to 

introduce appropriate and effective prevention and control strategies.  
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Summary 
 

Background. An Enzyme-linked immunosorbent assay (ELISA) based on Leishmania 

(Viannia) guyanensis was developed to measure serum antibody levels to aid the diagnosis 

cutaneous leishmaniasis (CL) caused by L. (V.) guyanensis.  

Methods. To detect antibody responses, the ELISA plate was coated with an antigen 

preparation of  L. (V.) guyanensis promastigotes. Patients from Surinam (n=40) and Brazil 

(n=82) were included; all were infected with L. (V.) guyanensis as proven by PCR-

Restriction Fragment Length Polymorphism.  

Also sera samples were tested from patients infected with L. (Leishmania) chagasi (n=62), 

L. (L.) donovani (n=30), L. (L.) major (n=27) and L. (L.) tropica (n=26). As negative 

controls sera samples were tested from healthy subjects (n=36), patients with other diseases 

(n=136) and patients with other kinetoplastid infections (n=27). 

Results. The sensitivity of the ELISA was high; 95.0% for the Suriname patients and 

81.7% for the Brazilian patients. No anti-Leishmania-specific antibody responses were 

found in 35 out of 36 healthy individuals and in 120 out of 136 human subjects with a 

variety of other diseases, confirming the high specificity of the assay. However, antibody 

responses were found in 15 out of 27 patients (55.5%) with other kinetoplastid infections. 

The assay performed equally well when using L. (L.) donovani promastigotes as capture 

antigen. However, with three other heterologous promastigote antigens (L. (V.) braziliensis, 

L. (L.) amazonensis, and L. (L.) chagasi) only 58% to 76% of the 122 L (V). guyanensis 

samples scored positive.  

Conclusions. Our data are of great importance to improve the efficacy of serological 

diagnostic tests by the use of L. (V.) guyanensis or L. (L.) donovani antigen to monitor CL 

infections in the northeastern Amazon region where more than 90% of the CL patients are 

infected by L. (V.) guyanensis. 
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Introduction 
 

Leishmaniasis, caused by the intracellular protozoan Leishmania parasite, is a world wide 

disease with a prevalence of 12 million people, mainly in (sub-) tropical countries.1 The 

parasite multiplies in the macrophages of the host after the bite of an infected female sand 

fly of the genus Phlebotomus or Lutzomya. Clinical manifestations vary from ulcera or 

nodular skin lesions, to infection of mucosa or viscera and depend on the infecting species 

and the immunological status of the host.2 The cutaneous form, cutaneous leishmaniasis 

(CL), is most prevalent with 1-1.5 million new cases per year.3 CL is widespread in the 

northeastern Amazon region in South America, an area covering Guyana, Suriname, French 

Guiana en northern part of Brazil, and constitutes an important public health problem. In 

this region the disease is mainly a zoonosis, and human infection is primarily caused by 

Leishmania (Viannia) guyanensis.4 In a minority of cases infections are caused by L. (V.) 

braziliensis and L. (Leishmania) amazonensis, which can cause the mutilating 

mucocutaneous or disabling diffuse form, respectively.4  

A clear and disturbing increase in the number of CL cases is found in Brazil, but exact 

epidemiological data are lacking in Suriname and Guyana.3,4 One important factor 

contributing to this, is the establishment of new human settlements or extension of suburbs 

into the forest, which results in transmissions of infected sand flies from neighboring 

forests into human houses.5,6 Exposure to sand flies is further increased by deforestation, 

gold mining activities, building of dams or new irrigation schemes and migration.4 

Therefore, health education and proper control strategies are important but lacking. For the 

control of CL, reliable diagnostic tests for the detection of the Leishmania parasites and 

suitable treatment are urgently needed.           

Diagnosis of CL is often based on clinical picture and on visualization of the parasite in 

skin smears when a microscope is available. Alternative diagnostic methods are 

histopathology, culture and PCR.7 These assays are more laborious and well-equipped 

laboratory facilities are required. Serodiagnosis represents an easy, fast and cheap 

alternative and is more appropriate when handling large number of samples. Serological 

tests for diagnosis of visceral leishmaniasis (VL), including direct agglutination test (DAT) 
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and enzyme-linked immunosorbent assays (ELISAs) based on crude or recombinant 

antigens, are generally highly sensitive (>90%).8,9 Serodiagnosis for CL seems less suitable, 

presumably due to low antibody titers in blood.10 However, in recent years, the sensitivity 

of immunoassays have been improved showing that detectable antibody levels can be 

measured in CL patients.11,12  

At present, there is still no agreement on the value of serologic tests for diagnosis in CL. 

ELISAs in current use are difficult to compare with each other, because great variability 

exists in antigen use and validation criteria. It can be argued that the use of a homologous 

antigen improves the performance of a serological assay, but there is a lack of studies 

comparing antigens of specific species with identified Leishmania infections. Serological 

assays for the New World are mainly based on L. (V.) braziliensis and L. (L.) amazonensis 

antigens11,13,14, while L. (V.) guyanensis causes > 90% of CL infections in the northeastern 

Amazon region.4 For this reason, we examined the efficacy of a purified antigen 

preparation from L. (V.) guyanensis in an ELISA with human sera from patients with 

proven L. (V.) guyanensis infections. The antigen was tested with different sera panels, and 

compared with six other Leishmania antigens.  

 

Materials and methods 
 

Sera 

The study population comprised cutaneous leishmaniasis (CL) suspected patients visiting 

Fundação de Medicina Tropical do Amazonas (FMTAM) in Manaus, Brazil and two 

Dermatology clinics (Dermatology Service, Ministry of Health and Dermatology 

Department of the Academic Hospital) in Paramaribo, Suriname. Sera samples of patients 

with CL were used in the study if the patients had lesions suspected of CL, no previous 

history of CL, provided written informed consent to participate in the study and positive 

Leishmania DNA isolation with identification of the causing species. Parasitological 

diagnosis was done by direct microscopic identification of Leishmania amastigotes in 

Giemsa stained skin smears, histopathology or PCR. Leishmania species identification was 

done on the basis of one of three PCR-RFLP assays (hsp70, mini-exon or ITS).15-17   
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Positive sera from patients infected with other Leishmania species were obtained from 

an established sera bank: 62 VL samples collected from VL patients in Brazil (L. (L.) 

chagasi), 30 from VL patients in Sudan (L. (L.) donovani), 27 L. (L.) major infected Dutch 

patients after a visit to Afghanistan and 26 L. (L.) tropica infected patients in Turkey.  

Sera from healthy subjects from The Netherlands (n=36) with no history of CL or VL 

were tested as negative control group. For cross-reactivity study, 136 sera were tested from 

patients with other diseases; sarcoidose (n=17), tuberculose (n=20), schistosomiasis (n=11), 

toxoplasmose (n=20), toxocariasis (n=17), amoebiasis (n=16), giardiasis (n=7) and malaria 

(n=28). A third control group consisted of 27 patients infected with related kinetoplastid 

protozoa; Trypanosoma gambiensis (n=16) and Trypanosoma cruzi (n=11).  

All sera samples were collected before treatment and inactivated at 56 °C for 30 

minutes and subsequently stored at –20 °C. Each sample had its unique sample code. The 

study was reviewed and approved by the Medical Ethical Committee of the Academic 

Medical Center (AMC) in Amsterdam (MEC 03/228) and the Brazilian national review 

board of the Ministry of Health (Commissão Nacional de Ética em Pesquisa, CONEP, 

Parecer N° 1142/2005).  

 

Antigen preparation  

The following 7 antigens were used to perform the ELISA: L. (V.) guyanensis 

(MHOM/SR/2005/KIT27), L. (V.) braziliensis (MHOM/BR/86/WR675), L. (L.) 

amazonensis (MHOM/BR/81/ LTB16), L. (L.) major (MHOM/IR/72/NADIM5), L. (L.) 

tropica Turkey (MHOM/TR/E18), L. (L.) donovani (MHOM/SD/68/1S) and L. (L.) chagasi 

(MCAN/BR/84/C0910).  

All the above mentioned species, were maintained as promastigote cultures in RPMI 

1640 medium (Gibco, Scotland), supplemented with 15% fetal calf serum and 5000 U/ml 

Penicilline and 5000 µg/ml Streptomycine at the Royal Tropical Institute. The parasites 

were weekly subcultured.  

From each culture, promastigotes were harvested from a 6-day old culture in 585 ml 

medium and washed in 100 ml phosphate-buffered saline (PBS; pH 7.2). After 

centrifugation  (3,000 rpm for 15 minutes at room temperature), the supernatant was 
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removed and the pellet was reconstituted in 10 ml PBS. The suspension was vortexed 

thoroughly and sonicated on ice with macrotip (level 8, with a 50% interval, 15 pulses). 

Subsequently, 5 ml PBS was added and the suspensions were centrifuged (14,000 rpm for 

30 minutes at room temperature). The supernatant was collected, aliquoted into clean 1.5-

ml tubes and stored at –20ºC. Protein concentration was determined with the BCATM 

Protein Assay Kit (Pierce). The optimum working concentration of antigens, sera and anti-

human serum conjugates were determined with checkerboard titration method.   

 

ELISA 

The ELISAs were performed in 96-well polystyrene flat-bottom microtiter medium-binding 

plates (Greiner, Germany). The plates were coated with 100 µl antigen preparation per well 

(see Table 1) and incubated overnight at room temperature. The plates were washed three 

times with PBS / 0.1% Tween-20 (pH 7.2), followed by a blocking step of 45 minutes at 

37ºC with 150 µl PBS supplemented with 3% bovine serum albumine (BSA). The plates 

were washed three times with the same buffer mentioned above and incubated with 100 µl 

serum dilution (1:400 or 1:800 dilution [Table 1] in PBS 2% casein / 1% BSA / 0.05% 

Tween-80) for 60 minutes at 37ºC.  

 

 

After three washings, 100 µl Horse Radish Peroxidase-conjugated goat polyclonal 

antihuman IgG (Jackson) dilution (1:40.000 in PBS / 1% BSA / 0.1% Tween-20) was 

Table 1. Overview Leishmania antigens and sera dilutions  
 Coatings concentration 

(µg per well) 

Sera dilution 

L. (V.) guyanensis 0.5 1:800 

L. (V.) braziliensis 0.5 1:400 

L. (L.) amazonensis 1 1:800 

L. (L.) chagasi 0.5 1:800 

L. (L.) donovani 1 1:400 

L. (L.) major 0.5 1:400 

L. (L.) tropica 2 1:400 
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added for 60 minutes at 37ºC. After another cycle of three washings, 100 µl of TMB 

(3,3’,5,5’-tetramethylbenzidine) substrate was added followed by 100 µl 0.5 N H2SO4 to 

stop the reaction after 20 minutes incubation at room temperature. The optical density (OD) 

was measured in an ELISA reader (Sunrise TECAN) at 450 nm. The assays were 

performed over 7 days.  

 

Statistical analysis 

The cut-off point (lower limit of detection) for each antigen was established as the average 

absorbance at 450 nm plus 3 standard deviations (SDs) of the 36 sera from healthy subjects 

with no history of CL or VL. One positive sera were used in all plates as reference. The 

results were calculated as arbitrary ELISA units to account for day-to-day variation; 

ODsample (day y) × (OD[day1]reference sera / OD[day y])reference sera.  The sensitivity and 

specificity of the assay was calculated for each antigen and sera panel separately. The 

sensitivity was calculated with the formula: TP/ TP + FN; the specificity was calculated 

with the formula TN/TN+FP (TP = True Positive, FN = False Negative, TN = True 

Negative and FP = False Positive). Statistical Package for Social Sciences (SPSS version 

14.01) was used to compare not normal distributed data by the Mann-Whitney U-Test, and 

the Chi-square test for proportions. Test results obtained with different antigens were 

compared using Kappa agreement test.   

 

Results 
 

In total, 82 patients from Brazil and 40 patients from Suriname with proven L. (V.) 

guyanensis infection were included in the study. Table 2 shows patient characteristics of the 

two study groups. A significant difference was only observed regarding the duration of 

disease (p<0.05), with the Suriname group in general 3 weeks longer infected than the 

Brazilian group. Mean OD values were significantly higher in patients with disease of more 

than 4 weeks duration and in the presence of nodular lymphangitis (p<0.05).  
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Table 2. Comparison of the main characteristics of CL patients infected with  
L. (V.) guyanensis from Suriname and Brazil. 
 Suriname patients 

(n=40) 
Brazil patients 

(n=82) 
Statistic  
(p-value) 

Median age  
(years, range) 

30.0 years 
(14-58) 

28.5 years 
(14-80) 0.935 

No. of male 
 (%) 

37 
(92.5%) 

66 
(80.5%) 0.115 

Median no. of lesions 
(range) 

2 
(1-16) 

2 
(1-16) 0.441 

Median duration of 
disease 
(weeks, range) 

7 
(2-44) 

4 
(2-52) <0.05 

No. of patients with 
nodular lymphangitis 
(%) 

26/38* 
(68.4%) 

45/80* 
(56.3%) 

 
0.207 

Values are number of patients or medians with ranges in parenthesis (Mann-Whitney U for medians 
and Chi-square statistic for proportions) 
* Presence of nodular lymphangitis in two patients was unknown 

 

Table 3.  Sensitivity and specificity of anti- L. (V.) guyanensis IgG antibody ELISA in the 
diagnosis of different patient groups infected with variable Leishmania species.  
Patient group Infecting Leishmania 

Species 
Antigen 

L. (V.)  guyanensis 
Sensitivity 
Positive/total (%)   

Suriname CL patients (n=40) L. (V.) guyanensis 38/40 (95.0%) 
Brazil CL patients (n=82) L. (V.) guyanensis 67/82 (81.7%) 
Dutch CL patients Afghanistan (n=27) L. (L.) major 8/27 (29.6%) 
Turkish CL patients (n=26) L. (L.) tropica 10/26 (38.5%) 
Sudan VL patients (n=30) L. (L.) donovani 27/30 (90.0%) 
Brazilian VL patients (n=62) L (L.) chagasi 54/62 (87.1%) 
Specificity 
Negative/total (%)   

Non-endemic healthy controls (n=36) - 35/36 (97.2%) 
Other diseases (n=136) - 120/136 (88.2%) 
Related Kinetoplastids (n=27) - 12/27 (44.4%) 
 

Sensitivities and specificities of the different patient groups tested in ELISA with L. (V.) 

guyanensis antigen are presented in Table 3. Significant higher levels (p<0.001) of anti-

leishmanial IgG antibodies were detected in the Suriname patient group in comparison with 

the Brazilian group. In total 38 out of 40 CL patients were seropositive with a mean 

absorbance (OD) of 0.982 ± 0.426. From the Brazil CL patient group 67 out of 82 patients 

were above cut-off value with a mean OD of 0.651 ± 0.346. When patients infected with 

other Leishmania species were tested with L. (V.) guyanensis antigen, lower absorbance 
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values (and thus sensitivities) were found for the patients infected with L. major with a 

mean OD of 0.258 ± 0.110 (sensitivity of 29.6%) or L. (L.) tropica with a mean OD of 

0.337 ± 0.195 (sensitivity of 38.5%). Higher absorbance values were observed for the VL 

patients from Sudan (L. donovani) with a mean OD of 0.689 ± 0.319  (sensitivity of 90.0%) 

and for VL patients (L. chagasi) from Brazil a mean OD value of 0.342 ± 0.737 (sensitivity 

of 87.1%).  

In 36 healthy individuals from non-endemic country, tested with L. (V.) guyanensis 

antigen, specificity was very high (97.2%), with a low mean OD of 0.153 ±0.061. OD 

values were higher for the patient group (n=136) with other diseases (mean OD of 0.196 ± 

0.109). The OD values were high (mean OD of 0.431 ±0.333) for the patients with other 

kinetoplastid infections (Chagas disease and African trypanosomiasis).   

 

Table 4. Sensitivity and specificity of different ELISA antigens in the diagnosis of two L. (V.) 
guyanensis patient groups from Suriname and Brazil.   

 
Sensitivity 

Positive/Total (%) 
Specificity Negative/Total (%) 

Antigen 
Leishmania species 

Suriname and 
Brazilian patients 

(n=122) 

Non-endemic 
healthy 

individuals 
(n=36) 

Other diseases 
(n=136) 

Related 
kinetoplastids 

(n=27) 

L. (V.) guyanensis 105/122 (86.0%) 35/36 (97.2%) 120/136 (88.2%) 12/27 (44.4%) 

L. (V.) braziliensis 93/122 (76.2%) 35/36 (97.2%) 124/136 (91.2%)  13/27 (48.1%)  

L.(L.) amazonensis 71/122 (58.2%) 35/36 (97.2%) 127/136 (93.4%)  17/27 (63.0%) 

L. (L.) major 101/122 (82.8%) 34/36 (94.4%) 117/136 (86.0%) 14/27 (51.9%) 

L. (L.) tropica 98/122 (80.3%) 35/36 (97.2%) 122/136 (89.7%) 14/27 (51.9%) 

L. (L.) donovani 106/122 (86.9%) 35/36 (97.2%) 121/136 (89.0%) 11/27 (40.7%)  

L. (L.) chagasi 84/122 (68.9%) 35/36 (97.2%) 124/136 (91.2%) 15/27 (55.6%) 

 

The L. (V.) guyanensis antigen was compared with 6 other non-homologue antigens. 

Sensitivities and specificities are presented in Table 4. Cut-off values, based on the healthy 

control group (n=36), was calculated for each antigen separately (specificity ranging 

between 94.4% and 97.2%). The specificity for the patient group with other diseases 

(n=136) ranged between 86.0% and 93.4%. While specificity was highest for L. (L.) 

amazonensis antigen, sensitivity was only 58.2%. To the contrary, L. (L.) donovani had the 
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highest sensitivity (86.9%) and a specificity of 89.0% (in comparison with L. (V.) 

guyanensis; sensitivity of 86.0% and specificity of 88.2%). Specificity for the third control 

group with kinetoplastid related infections was low, ranging between 40.7% and 63.0%. 

Overall, highest agreement (94.2%) was found between L. (V.) guyanensis and L. (L.) 

tropica antigen (kappa=0.796, p<0.001), with 98 patients (80.3%) showing positive and 17 

patients (13.9%) negative concordant results in ELISA. Lowest agreement (70.5%) was 

found with L. (L.) amazonensis antigen (kappa=0.331, p<0.001), with only 70 patients 

(57.4%) showing positive and 16 patients (13.1%) negative concordant results.    

 

Discussion 
 

In the northeastern Amazon region, most cutaneous leishmaniasis (CL) patients are infected 

with Leishmania (Viannia) guyanensis, but serological assays are often based on L. 

(Leishmania) amazonensis and L. (V.) braziliensis antigens.11,13,14 This study shows that 

patients infected with L. (V.) guyanensis responds much better to L. (V.) guyanensis and L. 

(L.) donovani antigens (sensitivities of 86.0 % and 86.9%, respectively), than to L. (L.) 

amazonensis, L. (V.) braziliensis and L. (L.) chagasi (sensitivity of 58.2%, 68.9% and 

76.2%, respectively) antigens.  

Comparison of L. (V.) guyanensis antigen with two different L. (V.) guyanensis sera 

panels demonstrated that the antigen yielded higher mean absorbance values in the 

Suriname patient group than in the patient group from Brazil. The higher level of IgG 

antibodies in the Suriname group could be due to the longer duration of CL disease. The 

median disease duration in the Suriname group was 7 weeks in comparison with 4 weeks 

for the Brazilian group. When we compared patients with short (less than 4 weeks) and 

long (more than 4 weeks) duration of disease we did found a significant higher antibody 

level in patients with a long duration. However, the antigen L. (V.) guyanensis used in this 

study was isolated from a Suriname patient in 2005 and the better performance in the 

Suriname group could therefore be related to the greater homology. Better performances by 

using homologous antigen has been reported previously18, although also contradictory 

results have been found.14 One ELISA for diagnosis of American visceral leishmaniasis 
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used antigen prepared from two different L. (L.) chagasi isolates from different regions.19 

Comparison among the L. (L.) chagasi isolates demonstrated that the antigen prepared with 

the isolate from the same area where the sera originated yielded higher mean absorbance 

than the other. Intra-species variation could play a role and has been described within the L. 

(V.) guyanensis species, what could influence the serodiagnosis of L. (V.) guyanensis 

infected patients from different regions.20,21 

Our results showed that L. (V.) guyanensis and L. (L.) donovani antigens performed 

equally well in L. (V.) guyanensis infected patients. On the other hand, L. ( L.) 

amazonensis, L. (V.) braziliensis and L. (L.) chagasi antigens showed relatively low cross-

reactivity with antibodies from L. (V.) guyanensis infected patients. Since all antigens were 

prepared under identical technical conditions, variations in antigenic quality may depend on 

factors inherent to the particular species of the parasite. Serological diagnosis of CL in 

Brazil is often based on L. (L.) amazonensis and L. (V.) braziliensis antigens11,13,14, 

particularly the former since this species is easier to cultivate than Viannia species. A few 

studies have demonstrated that antibody responses in L. (V.) braziliensis infected patients 

are higher than those raised in L. (V.) guyanensis or L. (V.) panamensis infected patients 

based on L. (L.) amazonensis or L. (V.) braziliensis antigen.11,22 How high antibody 

responses against L. (V.) guyanensis antigen would have been in these studies, is not 

known. Based on our results, the outcome could have been very different in terms of CL 

positivity. This confirms the urgent need of testing serodiagnostic assays based on L. (V.) 

guyanensis antigen, in areas where this species causes most CL infections, as in the 

Northeastern Amazon region.    

Specificity of the assay was high when healthy controls from non-endemic country were 

used. Additionally, a large panel of 136 sera samples was tested from patients with other 

diseases, of which only a few patients were positive (11.8%). For positive tested patients in 

our study previous exposition to Leishmania parasites cannot be ruled out. The specificity 

of our assay is low when sera from patients infected with Trypanosoma are tested. It is well 

known that specific proteins of Leishmania are recognized by serum of Chagas disease 

patients.23,24 Attempts should be made to increase specificity of the assay. This may be done 

by using another IgG isotype in stead of total IgG, as demonstrated by Pedras et al..14 
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However, sensitivity may be affected. In general, previous decision analysis has shown that 

a serological test with a high sensitivity and “acceptable” specificity is a better alternative 

for case detection algorithms than are tests with insufficient sensitivity, such as skin 

smears.25  

In conclusion, the purpose of the study was to compare different antigens with L. (V.) 

guyanensis in proven L. (V.) guyanensis infected patients. While many serological assays 

are still based on L. (L.) amazonensis and L. (V.) braziliensis antigens, we showed that the 

use of L. (V.) guyanensis improved the assay significantly in L. (V.) guyanensis infected 

patients. Our study showed that antibody detection with L. (V.) guyanensis and L. (L.) 

donovani antigen constitutes a valuable alternative assay to increase the efficiency of 

serological diagnosis of CL patients in the northeastern Amazon region, what can also be 

useful in epidemiological surveys.  
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This thesis presents a laboratory part with two newly developed molecular assays (QT-

NASBA and real-time RT-PCR [qRT-PCR]), a comparison between different antigens for a 

serological assay for cutaneous leishmaniasis (CL) and a clinical / epidemiological part 

with new data on treatment and epidemiology of CL in Suriname. The 18S rRNA QT-

NASBA is a highly sensitive and specific method [Chapter 2], which can be used to predict 

treatment outcome [Chapter 3]. The assay was compared with two other molecular assays, 

the qRT-PCR and real-time PCR; the qRT-PCR gave better results in terms of cost, 

procedure time and user friendliness [Chapter 4]. Furthermore, Leishmania (Viannia) 

guyanensis and L. (Leishmania) donovani antigens performed better than five antigens from 

other species in a serological assay for CL in patients infected with L. (V.) guyanensis 

[Chapter 8]. Studies performed in Suriname [Chapter 5, 6 and 7] showed that treatment 

compliance in Suriname is low, efficacy of treatment seems to be diminishing and the 

presence of Leishmania species not previously identified.  

Results and technical considerations on the QT-NASBA are discussed in the first part of 

this chapter. In the second part results are discussed and potential directions for future 

research are given.  

 

1. Results and technical considerations 

 

1 .1.  18S rRNA QT-NASBA; gives it information on viability? 
For the diagnosis of CL a sensitive and specific method, that could demonstrate viable 

Leishmania parasites, would be highly beneficial. PCR assays meet in part these 

specifications, i.e. they exhibit a high sensitivity and specificity, but are based on detection 

of DNA, rather than intact viable cells. A disadvantage of using DNA as a target for 

amplification may be the persistence of DNA after the death of the pathogen.1 In CL 

patients DNA can be detected months to years after clinical cure in scars of healed 

lesions.2,3 In contrast, the presence of intact ribosomal RNA was found to be a valuable 

indicator of viability in Mycobacterium smegmatis.4 Therefore, an RNA amplification 

method, like QT-NASBA, appears to be preferred above PCR. However, Uyttendale et al.5 
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showed that 16S rRNA was quite stable and resistant to heating at 100 °C and could not be 

used for differentiating between viable and non-viable Campylobacter jejuni. An alternative 

method would be to develop a NASBA targeting messenger RNA (mRNA). mRNA is a 

highly labile molecule, associated with metabolic activity and a short half life, and could 

therefore serve as a better target to discriminate between viable and dead cells. Cools et al.6 

developed a real-time NASBA assay to amplify a mRNA target for the detection of viable 

C. jejuni. However, they found that mRNA remained detectable up to 48 hour after lethal 

treatment, and the assay could not be used to determine the viability of C. jejuni cells.  

We conducted few experiments with Leishmania promastigotes (L. (L.) donovani, L. 

(V.) guyanensis, L. (L.) chagasi) in culture and with Leishmania amastigotes (L. (V.) 

guyanensis) in in vitro cultured macrophages (human monocyte cell line U-937 and human 

monocytes isolated from Peripheral Blood Mononuclear Cells). Lethal treatment of the 

parasites was performed with pentavalent antimony (Pentostam®). Experiments were 

conducted in culture medium (RPMI supplemented with 15% foetal calf serum) and human 

blood at 37 °C. Our results showed that 18S rRNA copies remained detectable 15 days after 

parasite death (data not shown). As the 18S rRNA QT-NASBA could not be used to 

determine viability of Leishmania parasites, a mRNA QT-NASBA assay was considered. 

As target the major surface glycoprotein 63 (GP63) multiple-copy gene locus was chosen.7 

However, preliminary experiments showed that the transcript of this gene was also stable 

and persisted after parasite death. However, other mRNA targets should be further 

exploited, which are expressed in all the physiological states of a Leishmania parasite and 

of which the transcripts are less stable. Such genes could be more suitable candidates for 

the development of a QT-NASBA assay for the detection of viable Leishmania parasites.   

 

1.2. High analytical sensitivity; an important feature of the assay 
Currently, many different PCR methods are used for the diagnosis of CL. Most of these 

assays target genomic or kinetoplast DNA and are described as highly sensitive. However, 

sensitivity is correlated with the copy number of the amplified region. The kDNA PCR is 

considered to be the most sensitive method for diagnosing leishmaniasis since there are 

~10,000 minicircles per parasite.8 However, these kDNA PCRs generally either amplify  
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subgenus-specific conserved regions or require separate primer pairs for each species of 

Leishmania.9,10 In contrast, the QT-NASBA is based on the 18S rRNA gene sequence and 

this target has been found to detect all Leishmania species equally. While each parasite 

contains ~ 160 copies of the 18S rRNA gene (DNA), it is assumed that the number of 

rRNA copies in the cytoplasm is >104.11 Our experiments showed that one Leishmania 

parasite contains around 104.8 copies of 18S rRNA [Chapter 2]. The high number of 

template molecules significantly increases the sensitivity of the QT-NASBA and decreases 

required sample volume. Furthermore, NASBA generates the same number of copies in a 

shorter period of time than PCR because it results in an exponential increase every cycle 

due to the simultaneous action of three enzymes, whereas PCR progresses in a binary 

fashion. The higher sensitivity was confirmed in our experiments when L. (L.) donovani 

promastigotes dilutions were compared in QT-NASBA and a conventional PCR targeting 

18S rDNA. The Leishmania QT-NASBA detected at least 100-fold lower levels of parasites 

than the PCR (data not shown).  

Sensitive detection methods are especially important in patients at risk for muco-

cutaneous leishmaniasis (MCL). MCL is primarily caused by L. (V.) braziliensis, and skin 

or mucosal lesions caused by this species, are often characterized by very low parasite 

loads. Our results showed that four out of five patients identified with L. (V.) brazilienis 

infection in Manaus, were tested positive in QT-NASBA, but negative with microscopy 

[Chapter 4].   

 

1.3. Possible improvements in detection methods 

1.3.1. Real-time NASBA 
At present, the detection of NASBA amplification products takes place at the end of the 

process using electro-chemiluminescence (ECL) [Chapter 2]. This method can be adapted 

by the incorporation of a molecular beacon during the amplification reaction. Molecular 

beacons are single-stranded, fluorophore-labeled nucleic acid probes capable of forming a 

stem-loop structure with at one end of the stem a quencher and at the other end a 

fluorescent reporter dye 12. They are capable of generating a fluorescent signal in the 
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presence of target, but do not fluorescence in the absence of it. Molecular beacons allow 

concurrently amplification and detection in one run, so-called amplification in “real-time”. 

By removing the need for post-amplification manipulation of products, the contamination 

risk for subsequent reactions is greatly reduced, and also procedure duration. Furthermore, 

inaccurate quantification of high parasite densities can be avoided, which may occur with 

endpoint detection due to depletion of reagents during the amplification reaction. Several 

successful NASBA assays based on molecular beacon technologies have been developed 13-

15, but not (yet) for leishmaniasis.  

 

1.3.2. Oligochromatography  
An alternative detection method is oligochromatography (OC). While such a method has no 

quantification purposes, the simplicity and speed of membrane chromatography allows the 

amplified products to be visualized within 5 minutes by the naked eye.16 PCR products are 

visualized by hybridization with a gold-conjugated probe and two internal controls are 

integrated, one for PCR amplification and one for the chromatographic migration. In 

contrast to conventional post-amplification methods, OC requires no equipment other than 

a dry heating block and a pipette. Currently, an OC-PCR has been developed for the 

diagnosis of sleeping sickness with 100% sensitivity and specificity.17 NASBA in 

combination with oligochromatography could circumvent the need for a thermocycler and 

would be ideal for low-tech laboratories in resources poor countries. The combination of 

NASBA and OC should be further explored for leishmaniasis.     

 

1.3.3. Multiplex NASBA 
The QT-NASBA assay was developed to quantify all Leishmania species capable of 

infecting humans in patient samples by using the highly conserved 18S rRNA gene. 

However, species identification is also important because different species may require 

different treatment regimes.18 The detection of multiple targets within one reaction for 

various Leishmania species would increase the value of a real-time assay for clinical use. 

Furthermore, it would circumvent the need for additional post-amplification procedures and 
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considerably decrease costs of analysis. Differentiation of Leishmania parasites by real-

time PCR has been described to the level of Leishmania complexes or specifically for Old 

World species.19-21 So far, no real-time PCR formats have been developed to differentiate 

the clinically important L. (V.) braziliensis from other closely related species within the 

Viannia genus. Depending on the number of starting copies of the target, NASBA may be 

preferred over PCR in real-time format [section 1.2. and Chapter 4]. Real-time multiplex 

NASBA assays have been developed for various pathogens, but not for leishmaniasis.22,23  

 

2. Results in Suriname 

2.1. Treatment evaluation 
Pentamidine isethionate is the only available treatment for CL in Suriname. In Chapter 5 we 

showed that the very low compliance of patients to the treatment and lack of control is a 

major problem. In Paramaribo, the capital city of the country, only 50% of the patients 

receive the complete therapy of at least 3 injections. Therefore, we could only follow 23 out 

of 64 patients until the end of treatment. This study was more descriptive and not an 

adequately controlled therapeutic trial since it was not comparative (i.e. without control), 

not randomized or double-blind. Currently, many studies aiming to determine efficacies of 

treatments are based on uncontrolled, small series and case reports, what makes it difficult 

to asses the true efficacy.24 Nevertheless, these studies provide often important 

observations, and draw attention to otherwise unnoticed issues.  

More accurate evaluation of the standard pentamidine treatment is needed in Suriname. 

Patients need to be randomized in study groups and treated with the standard 3-week 

pentamidine regime and our recommended 3-day short course pentamidine treatment or 

another alternative [Chapter 5]. A longer follow-up period is required of at least 6 weeks 

and 6 months after therapy and decrease in parasite load should be measured by QT-

NASBA, because this assay was also able to predict occurrence of relapses [Chapter 3].  

However, it will be very difficult to accomplish a well-designed clinical trial in 

Suriname. Most CL patients live in poor socio-economic conditions, mostly in the remote 

forested hinterland, and cannot easily reach Paramaribo. Treatment costs are high for the 
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patients, and there are the added cost for transportation to the health clinics and loss of 

income due to inability to work. Furthermore, gold miners, who constitute a high risk 

group, work and live in different areas in the hinterland, and are difficult to follow-up in 

clinical studies. Even in more developed countries as The Netherlands follow-up of patients 

can be problematic, because patients simply return on other time points than was appointed 

by the study protocol [Chapter 3].  

     

2.2. Possible drug resistance? 
Our data show that treatment compliance in Suriname is very low, therefore patients are 

treated inadequately [Chapter 5]. It is known that sub-optimal doses can contribute to 

development of drug resistant parasites.25 An increasing number of patients are encountered 

not responding adequately to standard treatment of pentamidine in Paramaribo. Up till now 

the mechanism of action of the drug, and also the possible drug resistant mechanism(s) is 

unknown. Recent studies have shown that pentamidine accumulates in the mitochondria, 

while in pentamidine resistant mutants, the drug does not accumulate.26 One candidate that 

is probably involved is the ABC transporter PRP1.27 Studies of resistance will permit the 

identification of intracellular targets and parasite defence mechanisms, allowing researchers 

to develop molecular assays that could rapidly detect resistance genes within the parasite. 

These assays are important in therapy management, because it may limit the use of possible 

ineffective and toxic agents.28 Robust drug resistant markers have not (yet) been found for 

leishmaniasis.  

 

2.3. Different L. (V.) guyanensis subspecies?  
Earlier studies indicated that L. (V.) guyanensis isolates from the region of the Amazon 

river in Brazil are a homogeneous group similar to the reference strain 

MHOM/BR/75/M4147.29 Currently, variability within this species is observed based on 

MLEE in agarose gel30, monoclonal antibodies31 or RFLP analysis of the ribosomal small 

subunit (rSSU) and the internal transcribed spacer (ITS).32 Rotureau et al.32 found two 

distinct populations in French Guiana. Genotype group 1 comprised homogeneous samples 
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who were closely related and seemed to have originated from the northern part of the 

country and a heterogeneous genotype group II, which seemed to have originated in the 

southern part of French Guiana and from neighbouring countries (Suriname and Brazil). 

Patients of genotype I needed more additional injections to the standard pentamidine 

protocol than genotype II and this group were likely to present higher parasite densities. 

Atypical clinical forms, such as disseminated presentations and chronic disease, were 

mostly found in Genotype II. When we sequenced the ITS region from six Suriname 

patients, we found three heterozygous samples, what could imply that these samples 

belonged to the same Genotype II group that Rotureau et al.32 described. Patients in 

Suriname are seen with different atypical clinical forms, suggesting that they are infected 

with other Leishmania species [Chapter 6 and 7]. However, these patients may also be 

infected with a different subspecies of L. (V.) guyanensis as Genotype II.  Several 

techniques are available for use in genetic typing of individuals or larger populations, of 

which microsatellites (also known as short tandem repeats or STRs) are probably the most 

useful molecular markers.33 Currently, only studies have been published in a few 

Leishmania taxa as L. (L.) donovani complex, L.(L.) tropica and the subgenus Viannia. 

Schwenckenbacher et al.34,35 showed that this technique reveals more intraspecific genetic 

polymorphism and higher frequencies of heterozygous loci than other techniques. Further 

discrimination among L. (V.) guyanensis isolates is needed, not only in Suriname but for the 

whole Amazon region, to find out which clinical implications these differences have.       
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Summary 
 

Currently, there is a clear and disturbing increase in the number of cutaneous leishmaniasis 

(CL) patients worldwide. CL ranges from single to many large skin ulcers to the 

development of mucosal lesions (muco-cutaneous leishmaniasis), leading to progressive 

destruction of the nasopharynx and invasion of the respiratory tract. Although CL is not 

lethal, CL control is very important to prevent serious morbidity. CL control currently 

depends on early and accurate diagnosis and treatment. However, the diagnosis of 

leishmaniasis remains problematic. Moreover, many, mostly uncontrolled, treatment 

schemes are employed with varying success. Up to this date the duration of treatment and 

definition of cure have been based on pure clinical criteria. Therefore, it is important to 

determine the number of parasites in a lesion before, during and after treatment as accurate 

as possible in order to assess the outcome of treatment. This thesis describes the 

development and evaluation of new tools for the diagnosis of CL, and for the determination 

of the duration and efficacy of treatment.  

The Quantitative Nucleic Acid Sequence-Based Amplification (QT-NASBA) 

technology was developed and evaluated to detect and quantify Leishmania parasites in 

skin biopsies from CL patients. The assay is based on the detection of a small subunit 

ribosomal RNA (18S rRNA). The QT-NASBA assay was able to quantify 2 – 11,300,000 

parasites per biopsy and test evaluation revealed that the assay had a sensitivity of 97.5% 

and a specificity of 100% [Chapter 2]. Furthermore, this assay proved to be a valuable 

instrument for monitoring therapy response of CL and could help in predicting clinical 

outcome. Positive QT-NASBA results 6 weeks after treatment were significantly associated 

with treatment failure/delayed healing up to 6 months after treatment [Chapter 3]. 

Additionally, the QT-NASBA assay was compared with two other molecular assays, the 

real-time Reverse Transcriptase PCR (qRT-PCR) and real-time PCR (qPCR). The qRT-

PCR was developed on the basis of the same gene sequences as QT-NASBA. All three 

assay were compared for the detection and quantification of Leishmania parasites in in vitro 

parasite samples and skin biopsy samples from confirmed CL patients. Additionally, a cost, 

time efficiency and user-friendliness analysis was done. While the three assays performed 
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equally well in skin biopsy samples from CL patients, QT-NASBA and qRT-PCR had a 

detection limit of 100 parasites/ml of blood, while qPCR detected 1,000 parasites/ml.  

Overall, the qRT-PCR was preferred over QT-NASBA and qPCR, since it was highly 

sensitive and reproducible but also had a fast procedure time [Chapter 4]. 

As molecular tools may not be readably applicable under field conditions a serological 

tool for diagnostic purposes was also developed and evaluated. In Suriname and the north 

of Brazil > 90% of the patients are infected with Leishmania (Viannia) guyanensis, but 

serological assays for CL are often based on antigens from other species. In Chapter 8 L. 

(V.) guyanensis antigen was compared with different antigens in an Enzyme-linked 

Immunosorbent Assay (ELISA) in proven L. (V.) guyanensis infected CL patients. The use 

of L. (V.) guyanensis antigen improved the assay significantly in comparison with other 

antigens, as L. (V.) braziliensis, L. (Leishmania) amazonensis and L. (L.) chagasi. For this 

reason our data are of great importance to improve the efficacy of serological diagnostic 

tests for CL. 

Another part of the research for this thesis was conducted in Suriname. In this country 

Pentamidine Isethionate (PI) is the only available drug for treatment of CL. Recently, local 

dermatologists have observed an increase in CL patients not responding adequately to 

standard treatment. With QT-NASBA, we measured parasite loads during and after 

treatment with PI. We found that treatment compliance was very low; half of CL patients 

were treated inadequately. Furthermore, a lower cure rate (76% - 78%) was estimated than 

previously observed between 1994 and 2000 (90%). For this reason, a much shorter 

treatment protocol was recommended to improve inadequate compliance and efficacy of 

treatment [Chapter 5].  

In addition, risk factors seem to be increasing in Suriname due to deforestation, gold 

mining activities and migration of immigrant workers. While only L. (V.) guyanensis is 

described as causing species, different clinical manifestations are seen, suggesting that 

other Leishmania species are responsible for CL disease in Suriname. With PCR-RFLP 

(Restriction Fragment Lengths Polymorphism) the majority of the infecting Leishmania 

species was identified as L. (V.) guyanensis, while also L. (L.) amazonensis and L. (V.) 

lainsoni were found [Chapter 7]. The L. (L.) amazonensis infected patient did not respond 
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to standard treatment with PI, and other medication was donated [Chapter 6]. Furthermore, 

the annual incidence rate over 2006 was estimated as 5.32 to 6.13 CL patients per 1,000 

inhabitants for the forested hinterland and 0.64 to 0.74 patients per 1,000 inhabitants for the 

whole country.   
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Samenvatting 
 

Wereldwijd is er een duidelijke en verontrustende toename in het aantal cutane 

leishmaniasis (CL) patiënten. CL kan variëren van een enkele tot meerdere huidzweren met 

uitbreiding naar de slijmvliezen (muco-cutane leishmaniasis), hetgeen kan leiden tot 

ernstige aantasting van het kraakbeen van neus en mond, en wat zich kan uitbreiden tot in 

de keelholte. Hoewel CL geen dodelijke ziekte is, is CL controle erg belangrijk voor het 

voorkomen van serieuze morbiditeit. Momenteel hangt dit af van snelle en nauwkeurige 

diagnose en behandeling. De diagnose van leishmaniasis blijft echter lastig. Bovendien 

worden veel, meestal ongecontroleerde, behandelschema’s toegepast met gevarieerd succes. 

Tot nu toe zijn de duur van behandeling en de definitie van genezing gebaseerd op klinische 

criteria. Daarom is het van belang om zo nauwkeurig mogelijk het aantal parasieten vast te 

stellen in een huidlaesie voor, tijdens en na behandeling om de uitkomst van behandeling in 

te schatten. Dit proefschrift beschrijft de ontwikkeling en evaluatie van nieuwe technieken 

voor de diagnose van CL, en voor het vaststellen van de duur en effectiviteit van de 

behandeling. 

De Quantitative Nucleic Acid Sequence-Based Amplification (QT-NASBA) techniek 

was ontwikkeld en geëvalueerd om Leishmania parasieten te detecteren en te kwantificeren 

in huidbiopten van CL patiënten. De techniek is gebaseerd op de detectie van de small 

subunit ribosomal RNA (18S rRNA). De QT-NASBA was in staat om 2 tot 11,300,000 

parasieten per biopt vast stellen en test evaluatie liet zien dat de techniek een sensitiviteit 

van 97.5% en een specificiteit van 100% had [Hoofdstuk 2]. Verder bleek de techniek een 

waardevol instrument te zijn om een behandeling van CL te monitoren en te kunnen 

bijdragen aan het voorspellen van een klinische uitkomst. Positieve QT-NASBA resultaten 

6 weken na behandeling waren significant gecorreleerd met falen van behandeling / 

onvolledige genezing tot 6 maanden na behandeling [Hoofdstuk 3]. 

Daarnaast is de QT-NASBA vergeleken met twee andere moleculaire technieken, de 

real-time Reverse Transcriptase PCR (qRT-PCR) en de real-time PCR (qPCR). De qRT-

PCR is ontwikkeld op basis van dezelfde genen sequenties als de QT-NASBA. De drie 

technieken zijn met elkaar vergeleken voor de detectie en kwantificatie van Leishmania 
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parasieten in in vitro parasieten verdunningen en in huidbiopten van bevestigde CL 

patiënten. Daarnaast is een kosten, tijd efficiëntie en gebruikersvriendelijkheid analyse 

gedaan. Terwijl de drie technieken vergelijkbare resultaten gaven in de huidbiopten van CL 

patiënten, hadden de QT-NASBA en qRT-PCR een lagere detectielimiet van 100 

parasieten/ml bloed dan de qPCR, welke 1,000 parasieten/ml bloed kon detecteren. Alles 

bij elkaar genomen, werd de qRT-PCR geprefereerd boven de QT-NASBA en qPCR, 

omdat de test niet alleen gevoelig en reproduceerbaar was, maar ook een snellere 

tijdsprocedure had [Hoofdstuk 4]. 

Omdat moleculaire technieken niet snel kunnen worden gebruikt in veld situaties, is er 

ook een serologische test voor diagnostische doeleinden ontwikkeld en geëvalueerd. In 

Suriname en in het noorden van Brazilië is een groot deel van de patiënten (90%) 

geïnfecteerd met Leishmania (Viannia) guyanensis. Serologische technieken voor CL zijn 

echter meestal gebaseerd op antigenen van andere soorten. In Hoofdstuk 8 is L. (V.) 

guyanensis antigeen vergeleken met antigenen van andere soorten in een Enzyme-linked 

Immunosorbent Assay (ELISA) in bewezen L. (V.) guyanensis geïnfecteerde CL patiënten. 

Het gebruik van L. (V.) guyanensis antigen verbeterde de test aanzienlijk in vergelijking 

met andere antigenen van L. (V.) braziliensis, L. (Leishmania) amazonensis en L. (L.) 

chagasi. Deze resultaten kunnen van groot belang zijn om de effectiviteit van serologische 

testen voor CL te verbeteren. 

Een ander deel van het onderzoek in dit proefschrift is uitgevoerd in Suriname. In dit 

land is Pentamidine Isethionate (PI) het enig beschikbare medicijn voor de behandeling van 

CL. Momenteel observeren lokale dermatologen een toename in het aantal CL patiënten, 

die onvoldoende reageren op de standaard behandeling. Met QT-NASBA zijn de parasieten 

aantallen tijdens en na behandeling met PI gekwantificeerd. De mate waarin de 

voorgeschreven behandeling werd nageleefd bleek erg laag te zijn; slechts de helft van de 

CL patiënten ontving de volledige behandeling. Daarnaast leken minder patiënten te 

genezen (76% - 78%) dan voorheen, tussen 1994 en 2000, werd geobserveerd (90%). Om 

deze redenen is een kortere behandelingschema aanbevolen om de naleving en de 

effectiviteit van de behandeling te verbeteren [Hoofdstuk 5].  
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In Suriname lijken risico factoren op een Leishmania infectie toe te nemen door 

ontbossing, goudmijn activiteiten en migratie van immigrante arbeiders. Tot op heden werd 

gedacht dat alleen L. (V.) guyanensis humane infectie veroorzaakt, maar er zijn 

verschillende klinische manifestaties van CL geobserveerd, wat suggereert dat andere 

Leishmania soorten ook verantwoordelijk zijn voor humane CL infecties in Suriname. 

Terwijl met PCR-RFLP (Restriction Fragment Lengths Polymorphism) het merendeel van 

de infecterende Leishmania soorten geïdentificeerd werd als L. (V.) guyanensis, werden ook 

L. (L.) amazonensis en L. (V.) lainsoni aangetoond [Hoofdstuk 7]. Omdat de L. (L.) 

amazonensis geïnfecteerde patiënt niet voldoende reageerde op de standaard behandeling 

met PI, werd andere medicatie gedoneerd [Hoofdstuk 6]. De jaarlijkse incidentie over 2006 

is geschat op 5.32 tot 6.13 CL patiënten per 1,000 inwoners voor het binnenland en op 0.64 

tot 0.74 patiënten per 1,000 inwoners voor het hele land. 
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Dankwoord 
 

Zoals bij elk proefschrift komt dit werk tot stand met de hulp van vele collega’s, 

samenwerkende partners, maar ook door de hulp en steun van het thuisfront. Bij deze wil ik 

iedereen bedanken voor zijn of haar bijdrage. Voor mij is de afgelopen vier jaar een periode 

geweest waarin ik veel kennis heb vergaard, vaak in het laboratorium heb gepipetteerd, 

veldwerk in Suriname en Brazilië heb verricht en me heb mogen verdiepen in de wondere 

wereld van de wetenschap.  

In de eerste plaats ben ik veel dank verschuldigd aan alle patiënten, die aan dit 

onderzoek hebben deelgenomen en bereid waren huidbiopten af te laten nemen. Daarom 

wil ik hen graag als eerste hartelijk danken.   

Graag wil ik mijn promotor prof. dr. William Faber en co-promotor dr. Henk Schallig 

bedanken. Zij hebben mij in 2003 deze kans gegeven, waar ik ze altijd dankbaar voor zal 

blijven. Bij prof dr. William Faber kon ik wekelijks op zijn kamer terecht met al mijn 

vragen en om de laatst geschreven stukken te bespreken en te bediscusseren. En mijn 

dagelijkse begeleider Henk Schallig, die me heeft geholpen om als ‘het apenmeisje’ een 

plekje te veroveren in de wereld van de parasitologie. Door jullie verschillende inzichten en 

ervaringen heb ik me kunnen specialiseren op een snijvlak tussen de kliniek en het 

laboratorium.  Ik wil jullie hartelijk danken voor jullie stimulerende rol en vertrouwen in 

mij.  

Ik wil prof. dr. Bos, prof dr. Kapsenberg en prof. dr. Kager bedanken voor hun 

bereidheid zitting te willen nemen in mijn promotiecommissie. I want to thank prof. dr. 

Dedet and dr. Schönian for their willingness to participate in my promotion committee.  

 In het begin moest ik mij het laboratoriumwerk nog geheel eigen maken, en dat is me 

gelukt met name door de hulp en ervaring van drie mensen in het bijzonder; Gerard 

Schoone, Inge Peekel en Nel Kroon. Jullie hebben me veel geleerd, en juist de combinatie 

van jullie ervaring en werkaanpak hebben me iets meegegeven, waar ik de rest van mijn 

loopbaan veel plezier van zal houden. Gerard en Inge, met jullie heb ik veel langer mogen 

samen werken, en jullie waren er niet alleen voor mij tijdens het werk, maar ook privé. 

Bedankt hiervoor! De studenten die mij enorm hebben geholpen, zowel in het laboratorium 
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(Marit, Lisa, Noortje, Cèlia) als in het veld in Brazilië en Suriname (Alexa, Jetske, Patricia, 

Esther, Marije). Ik wil jullie bedanken voor al jullie werk en inzet. Patricia en Lisa, voor 

jullie nog een speciale dank voor alle extra’s die jullie voor mij hebben gedaan naast je 

stage.  

In de kliniek wil ik Henry de Vries, Jim Zeegelaar en Pieter van Thiel bedanken. Zij 

hebben niet alleen meegedacht in het onderzoek, maar ook vaak geholpen bij praktische 

zaken, zoals het verzamelen van gegevens en patiënten materiaal. Ook de arts assistenten 

van de afdeling dermatologie die hieraan hebben bijgedragen wil ik bedanken. In het 

bijzonder Annigje Jensema; zij heeft met veel inzet aan een groot deel van het onderzoek in 

Suriname gewerkt, en dit altijd belangeloos gedaan. De fijne samenwerking met haar 

maakte het werk extra leuk.   

De afgelopen 4 jaar heeft gelukkig niet alleen maar uit werken bestaan, maar heeft ook 

veel gezellige momenten gekend met verschillende collega’s van het KIT, zoals gezellige 

lunches, fijne gesprekken, leuke groepsuitjes en natuurlijk de parasitologie koffiepauzes. Ik 

wil jullie daar allemaal voor bedanken! Verder zal ik me altijd de gezellige etentjes met 

Theresia en Inge P blijven herinneren (en dat er velen mogen volgen), I will never forget 

the nice days in Delft and The Hague with Claire and Frank (I hope to see you next year in 

your countries!), de vele kamergesprekken met Pètra (bedankt voor het aanhoren van al 

mijn verhalen), het samenwerken met Inge V (jammer dat het zo kort was), en de interesse 

van Wilma (bedankt voor je steun).   

 

Een groot deel van dit proefschrift is uitgevoerd in Suriname en daar hebben een hoop 

mensen aan meegewerkt. Ik zal altijd met heel veel plezier terugdenken aan de periodes in 

2005 en 2006 dat ik daar heb gewerkt. Ten eerste wil ik prof. dr. Rudy Lai A Fat bedanken. 

Hij heeft me wegwijs gemaakt in Paramaribo, me gesteund in dit onderzoek, me in contact 

gebracht met belangrijke afdelingen en me geholpen in de meest onverwachte situaties. Een 

ander onmisbaar persoon in Suriname was dr. Leslie Sabajo. Hij dacht niet alleen mee over 

de opzet van het onderzoek, maar heeft me altijd alle informatie gegeven die ik nodig had. 

De volgende personen van verschillende afdelingen wil ik bedanken voor hun hulp en 

bijdragen; Ricardo Hu, Gert-Jan Stolting en het laboratorium personeel  van de 
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