
Sci Parasitol 12(3):131-137, September 2011 
ISSN 1582-1366 

ORIGINAL RESEARCH ARTICLE 

 

 

 131 

Evaluation of molecular genotyping in clinical and epidemiological 

study of leishmaniasis in Sudan 

 

Amani A. Osman 

 

 

King Khalid University, College of Medicine, Family and Community Medicine, Abha, P.O. 641 zip 61421, Saudi 

Arabia. 

Correspondence: Tel. 009662417525, Fax 0096672247800, E-mail amanieldosh@gmail.com 

 

 

 

Abstract. In Sudan the leishmania belt extends from Gadarif region from east, where visceral leismaniasis is a 

predominant form to Darfor region to the west. Cutaneous leishmaniasis is mainly found in northern and 

western regions beside scattered foci in central part of the country. This study was conducted during the period 

Sep. 2009 – Sep. 2010 in the Green Valley villages that situated in Rashad region, South Kordofan State, 600 kms 

west from the capital Khartoum. The objective of this study was to evaluate the value of using molecular 

genotyping in clinic-epidemiological study. In this study, the proved PCR positive villager samples (32 out of 

332) using leishmania specific primers AJS3 & DB8 (Barker, Cambridge) were tested for molecular genotyping of 

the parasite using; Mini-exon (ME), Glucophosphate (GP 63), internal transcript spacer (ITS) and random 

amplified polymorphism DNA (RAPD). These selected genes targeted PCR proved to be not sensitive to detect 

leishmania parasite from patient (blood spotted filter paper samples) compared with cultured WHO reference 

samples, but ITS, GP 63 and RAPD tools showed promising results in identification and typing of leishmania 

parasites, specially if probing technique used. Molecular genotyping are powerful tools that need to be evaluated 

in field conditions in clinic-epidemiological studies. 
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Introduction 

 

Leishmaniasis is an important parasitic disease 

with a great public health problem to many 

countries. The clinical presentation of the 

disease depends mainly on parasite genotype 

versus host immunogenetic profile. In old 

world transmission to human via a bite of 

female sandfly mainly due to Phlebomous spp. 

(P. papatasi, P. orientalis). L. donovani complex 

(donovani, infantum and chagasi) is causing 

visceral leishmaniasis while L. tropica 

(arthroponotic) and L. major (zoonotic) are 

responsible for cutaneous leishmaniasis. Sudan 

is the vast country in Africa. The visceral 

leishmaniasis hyper-endemic foci are mainly in 

east (Badaro et al., 1986a;b;c Barker and 

Butcher, 1983), in south (Barker, 1990; Balfour 
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and Thombson, 1911; Bayoumi, 1979; Berrahal 

et al., 1996; Balatbat et al., 1996; Blaxter et al., 

1988; Borst and Hoeimakers, 1979) and 

western part of the country (Abdalla, 2010). 

The disease showed wild diversity in clinical 

pattern (Manson-Bahr and Bell, 1991; Thakur, 

1984; Kirk, 1942; Satti and Ali, 1962). The 

pathogenicity of the sub-clinical form was not 

studied carefully (Siddig et al., 1989; Veress et 

al., 1974), whether attenuated form of known 

parasite species, new emerging strains or 

atypical microorganism (such as lizard 

leishmaniasis) as the causative agent. Although 

wild range of investigations are available but a 

reliable precise test is needed to play a role in 

studying the molecular epidemiology of the 

disease (Ibrahim et al., 1994). 

 

Leishmania donovani is the main causative 

species for visceral leishmaniasis while 

Leishmania major needs an animal reservoir 

and it is the main causative parasite for 

cutaneous leishmaniasis in Sudan, where the 

cutaneous form has been reported. The Nuba 

Mountain is situated in Kordofan region which 

lies in the mid way in the leishmania belt, this 

area has rarely been studied (Abdalla, 2001) 

while several studies in the field of 

leishmaniasis have been conducted, mainly in 

the eastern and southern Sudan (Zijlstra et al., 

1994; Siddig et al., 1989). 

 

This study aimed to identify the leishmania 

cases among the inhabitants of The Green 

Valley villages (three adjacent villages each one 

consist of around 24 cottages, each cottage 

represent a family) and to find out the 

predominant parasite genotype using simple 

method of sampling in form of blood spotted 

filter paper. 

 

Materials and methods 

 

The work site: a small village; The Green Valley 

Village, Rashad province, South Kordofan State. 

This area lies in Nuba Mountain, west of Sudan 

(12N-9S& 32E-29W). The total population was 

around 332. The area was selected for this 

study due to its unique geographical site being 

in the middle of Sudan leishmania belt, where 

Gadarif area in the east in which the florid 

classical visceral leishmaniasis and PKDL (Post 

Kalazar Dermal Leishmaniasis) are 

predominant and Darfor area in the west in 

which cutaneous leishmaniasis is present. 

 

Initial field activities 

 

Prior to conduct this study a clear explanation 

of this study was conveyed to all villagers and 

human rights were preserved. Numbering of 

houses (cottages) in each village and 

identification numbers for all villagers were 

performed.  

 

Clinical examination 

 

Clinical examination of all villagers was 

conducted. Screening looking for the symptoms 

and signs related to leishmaniasis which 

include: fever, epistaxis, abdominal pain, 

anaemia, enlarged liver, spleen and lymph 

nodes for visceral and skin ulcers, scars and 

mucocutaneous lesions for cutaneous. Medical 

history and clinical examination were 

conducted by the author himself (as a medical 

professional). 

 

Sampling 

 

A finger prick blood spotted filter papers 

(Whittman 3) were collected from all the 

villagers (n=332). Samples from all villagers 

were tested first by PCR for leishmania 

parasite detection using specific L. donovani 

primers AJS3 & DB8. Only 32 samples were 

positive which were tested further for 

molecular genotyping. The DNA extraction was 

done by phenol method from samples spotted 

filter papers. The PCR run also included some 

of WHO (World Health Organization) reference 

samples in three DNA extraction concentration; 

(10X, 100X & 500X) to be used as positive 

control in each PCR reaction. 

 

Molecular genotyping 

 

Revealing the leishmania genomic make-up, 

few genes were selected for molecular typing 

these were: Mini-exon (ME), Glucophosphate 

(GP63) and internal transcript spacer (ITS). 

The random amplified polymorphism DNA 

(RAPD) was also used in molecular typing. 

Primers details, PCR mix & protocols were as 

follows: 
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ITS primers IR1 (5' GCT GTA GGT GAA CCT GCA 

GCA GCT GGA TCA TT 3') and IR2 (5' GCG GGT 

AGT CCT GCC AAA CAC TCA GGT CTG 3'). 

GP63/TTG primers C10F (5' GGG AAG CTT ACG 

TAC AGC GTG CAG GTG 3') and C1R (5' GGG 

GGA TCC CGA CAG CAG AGC TGA CTG 3'). 

GP63/Probe primers C10F (5' GGG AAG CTT 

ACG TAC AGC GTG CAG GTG 3') and C9R (5' 

GGG GGA TCC CTG GCA CAC CTC CAC GTA 3'). 

ME/Unit primers ME1(5'CAA TAT AGT ACA 

GAA ACT G 3') and ME2 (5' TTC TGT ACT TTA 

TTG GTA 3'). ME/Other primers ME1(5'CAA 

TAT AGT ACA GAA ACT G 3') and ME3 (5' ACT 

TTA TTG GTA TGC GAA 3'). 

 

RAPD has set of primers, only the sets used in 

this study were: H1 (5'CGCGCCCGCT3') and D4 

[0.6Kb] (5'GGTCCCTGAC3'). H1 

(5'CGCGCCCGCT3') and D2 [1.3Kb] 

(5'AGGGGTCTTC3'). D10 (5'GTTGCGATCC3') 

and D3 [0.6 Kb] (5'TTCCGAACCC3'). PCR 

mixture details of Mini-exon (ME/Other and 

ME/Unit), RAPD, ITS and GP63 (ITG and Probe) 

is shown in table 1. Mini-exon (ME/Other and 

ME/Unit), RAPD, ITS and GP63 (ITG and Probe) 

PCR Amplification Cycles is shown in table 2. 

 

Mini-exon (ME/Other and ME/Unit), RAPD, ITS 

and GP63 (ITG and Probe) PCR Amplification 

Cycles using the WHO reference samples which 

include: L. aethiopica (A), L. tropica (T), L. 

major (ASK), L. infantum (IPT), L. donovani 

(DD), L. chagasi (PP) beside negative and 

positive controls and marker (DNA ladder). 

Variable trials and PCR protocol changes were 

made to increase the sensitivity of each run by 

increasing the PCR cycles, reduction of the 

annealing temperature, usage of nested PCR, 

application of probing and hybridization. These 

techniques were used to increase the PCR 

identification sensitivity as well for typing of 

parasite and strains. Leishmania PCR products 

of nested glucophosphate (GP63) and random 

amplified polymorphic DNA (RAPD) were 

studied looking for unique band(s) that 

showed species or strains variation. 

 

Hybridization 

 

Hybridization of gel of PCR products for GP63/ 

ITG using primers (D2, D3, D4) with radiolabel 

probe incubated overnight at 4°C. Samples 

included were: genomic samples (field 

samples) and reference strains samples. Few 

restriction enzymes (Ecor3 and Hindv) were 

applied to the ITS-PCR products using variable 

WHO reference samples {L. aethiopica (A), L. 

tropica (T), L. major (ASK), L. infantum (IPT), L. 

donovani (DD), L. chagasi (PP)} to differentiate 

between similar band size of PCR products. 

 

Some of the uncut bands were similar in size 

while the cut bands (after application of 

restriction enzymes) were not similar in size. 

This technique enabled to differentiate 

between some donovani complex species such 

as donovani and infantum. 

 

 

 

 
Table 1. PCR mixture details of Mini-exon (ME/Other and ME/Unit), RAPD, ITS and GP63 (ITG and Probe) 

 

Reagents ul ME/Other ME/Unit RAPD ITS GP63/ITG GP63/Probe 

Dis. H2o 8.9 7.15 9.8 73.5 8.8 9.8 

10X buffer 2 2 2 10 2 2 

50mM Mgcl2 0.6 0.6 1 ---- 1 1 

2Mm dNTPs 2 2.25 2 10 2 2 

Primers mix 2 4 4 5 2+2 2+2 

Taq Polymerase 0.5 0.5 0.2 0.5 0.2 0.2 

DMSO 2 2 ---- ---- 1 --- 

BSA (5mg/ml) 0.8 0.4 ---- ---- --- --- 

Tween 20 0.1 0.1 ---- ---- --- --- 

DNA 1 1 1 1 1 1 

Total 20 20 20 100 20 20 
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Table 2. Mini-exon (ME/Other and ME/Unit), RAPD, ITS and GP63 (ITG and Probe) PCR Amplification Cycles 

 

PCR Program ME RAPD ITS GP63/ ITG GP63/ Probe 

Hot start:  

Temp. 

Time 

No. of cycles 

 

95C° 

5 min. 

1 

------ 

 

-----  

95C° 

1 min. 

1 

 

95C° 

1 min. 

1 

Denaturation:  

Temp. 

Time 

No. of cycles 

 

95C° 

1 min. 

---- 

 

94C° 

5 min. 

---- 

 

95C° 

15 min. 

---- 

 

95C° 

1 min. 

--- 

 

95C° 

1 min 

--- 

Annealing:  

Temp. 

Time 

No. of cycles 

 

45C° 

0.5 min. 

5 

 

37C° 

1 min. 

1 

 

58C° 

0.5 min. 

37 

 

70C° 

1 min. 

35 

 

70C° 

1 min. 

35 

Extension:  

Temp. 

Time 

No. of cycles 

 

65C° 

1 min. 

---- 

 

72C° 

1 min. 

---- 

 

72C° 

1.5 min. 

---- 

 

72C° 

1.5 min. 

--- 

 

72C° 

1 min. 

--- 

Denaturation:  

Temp. 

Time 

No. of cycles 

 

95C° 

1 min. 

--- 

 

94C° 

1 min. 

---- 

---- ---- --- 

Annealing:  

Temp. 

Time 

No. of cycles 

 

50C° 

0.5 min. 

35 

 

37C° 

1 min. 

37 

---- ---- --- 

Extension:  

Temp. 

Time 

No. of cycles 

 

72C° 

1 min. 

--- 

 

72C° 

1 min. 

---- 

---- --- --- 

Extension:  

Temp. 

Time 

No. of cycles 

 

72C° 

10 min. 

1 

 

72C° 

10 min. 

1 

----  

72C° 

10 min. 

1 

 

72C° 

10 min. 

1 

 

 

Results 

 

Mini-exon (ME/Other and ME/Unit), RAPD, ITS 

and GP63 (ITG and Probe) PCR amplification 

cycles using the WHO reference samples which 

include: L. aethiopica (A), L. tropica (T), L. 

major (ASK), L. infantum (IPT), L. donovani 

(DD), L. chagasi (PP) beside negative and 

positive controls and marker (DNA ladder). 

The DNA extraction was done by phenol 

method from samples spotted filter papers. All 

the PCR amplification reaction work but the 

bands were not well cleared even in high DNA 

extraction concentration (figure 1). 

 

Few restriction enzymes (Ecor3 and Hindv) 

were applied to the ITS-PCR products using 

variable WHO reference samples {L. aethiopica 

(A), L. tropica (T), L. major (ASK), L. infantum 

(IPT), L. donovani (DD), L. chagasi (PP)} to 

differentiate between similar band size of PCR 

products. 

 
 

Figure 1. ITS-PCR products of WHO L. donovani reference 

samples of 4 concentrations 

(1x, 10x, 100x, 500x) 

 

 

Some of the uncut bands were similar in size 

while the cut bands (after application of 

restriction enzymes) were not similar in size. 

This technique enabled to differentiate 

between some donovani complex species: 

donovani, chagasi and infantum (figure 2). 

Hybridization of the field genomic samples 

ITG-PCR products have shown positive bands 

(figure 3). 
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Figure 2. Restriction enzymes (Ecor3 and Hindv) were 

applied to the ITS-PCR products using variable WHO 

reference samples {L. aethiopica (A), L. tropica (T), L. 

major (ASK), L. infantum (IPT), L. donovani (DD),  

L. chagasi (PP)} 

 

 
Figure 3. GP63/ Probes (D2, D3, D4) used with field 

samples. 5 positive samples were detected by 

hybridization 

 

 

Discussion 

 

The blood spotted filter papers of the genomic 

sample (0.5 cm in diameter) have a minimum 

of 8 parasites/ml of blood. They require a high 

sensitive molecular tool for identification and 

typing. Mini-exon (ME/Other and ME/Unit), 

RAPD, ITS and GP63 (ITG and Probe) PCR 

Amplification Cycles will not explore this small 

amount of parasite load in filtered papers. 

Looking to the taxonomic classification that use 

the similarities in the reverse way seeking for 

the variations to differentiate each member 

from others to facilitate its diagnosis. The 

genetic diversity (Roberts et al., 1989; 1990) in 

the L. donovani complex is addressing a very 

overlooked aspect of parasitology, most of 

scientists considered this aspect as a neglected, 

unattractive, boring, useless, pointless and 

without significant relevance to any health 

problem. But in leishmaniasis which have wide 

clinical spectrum the genetic diversity will give 

a clue to its causative organism. This clinical 

spectrum includes: Visceral leishmaniasis, a 

fatal disease; Cutaneous leishmaniasis, a 

disfiguring disease; Mucocutaneous 

leishmaniasis, a highly disfiguring disease and 

PKDL (Post-Kalazar Dermal Leishmaniasis), a 

recrudescent visceral leishmaniasis. These 

various clinical forms might be caused by 

various types of parasites or different strains. 

Identification and typing of leishmania 

parasites used to be performed by isoenzyme 

technique which rely on the enzymatic running 

pattern. This technique depends on successful 

parasite culture. It is not applicable to simple 

clinical samples and characterized by boring 

working steps. 

 

To develop a molecular biology technique 

useful in parasite identification and 

differentiation of species or strains, the 

parasite genomic map should be carefully 

studied in order to select certain locus that 

unique to the causative organism (Van Eys et 

al., 1992; Villaba and Ramirez, 1982). The 

following genes targeted PCR were evaluated: 

Mini-exon (ME/Other and ME/Unit) deals with 

variable and conserved regions; ITS 

“Ribosomal Internal Transcribed Spacer” 

involve random and variable regions (Guevara 

et al., 1992) and GP63 “Glycosyl-

phosphatidylinositol” (ITG and Probe) consists 

of conserved, variable and random regions. The 

PCR conditions have been modified to increase 

the sensitivity of the reaction to deal with the 

clinical samples (blood spotted filter papers) 

which contain very low amount of parasites. 

The modification includes: reduction of 

extension temperature from 72C° to 55C° 

increase of the reaction cycles from 33 to 45, 

usage of nested PCR by using of the PCR 

products of Mini-exon and gp63/ITG products 

for gp63/Probe PCR run. Also the usage of 

RAPD with variable short primers has 

facilitated molecular identification and typing 

of samples. The commonly used methods to 

differentiate PCR bands with similar size were: 

direct sequencing for PCR bands products 

(Rogers, 1987; 1988; Southern, 1975) and 

application of restriction enzymes that lead to 

cut specific bands that look similar in size in 

different species or strains to other. Usage of 

the technique called DGGE (Denaturation 

Gradient Gel Electrophoresis) enables to 

differentiate between bands of similar size. 

This technique composed of polyacrylamide gel 

(PAGE) in which a variation of temperature 

degree across the running gel or the chemical 
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constituent (Tamed) concentration help to 

segregate bands of similar size. 

 

The Dendrogram is a phylogenetic computer 

program, its idea is depending on the similarity 

and variability between the samples by 

identifying presence and absence of certain 

bands along the bands sequences, assuming “1” 

is the scale of clear dissimilarity and “0” as 

absolute similarity. The program’s ultimate 

diagram will enable to classify species and 

strains in concordance the clinical 

manifestation. Using this program the L. 

donovani samples from India, Kenya and Sudan 

have showed points of similarities and 

variations, this denote that a genomic diversity 

will take place according to geographical sites. 

According to the results in this study obtained 

from ordinary and nested PCR reactions 

applied on clinical samples in form of blood 

spotted filter paper which contain minor 

parasites concentration in positive samples 

(not more than 8 parasite/ml), one will suggest 

to increase the sensitivity of the reaction tests. 

Unique bands were selected from the PCR 

products of GP63 (ITG) and RAPD. These bands 

were used as probes. The hybridization and 

probing is more sensitive in comparison to gel 

products visualized by UV light (Ultra Violet). 

These techniques are promising to be 

developed and used as a tool for precise 

diagnosis and typing of leishmaniasis causative 

agent and it's value should be weighed against 

the value of other technique such as 

isoenzyme. (Gaafar et al., 1994; Eljeboori and 

Evans, 1980; Evans et al., 1984; Evans, 1989; 

Ibrahim et al., 1995; Le Blanq and Peters, 1986; 

Rioux et al., 1990). For precise evaluation of 

these tests more modification and samples 

with various reference species or strains from 

leishmania or other parasitic disease such as 

Trypanosomiasis and Malaria are highly 

suggested. 

 

Conclusion 

 

The hybridization and probing is more 

sensitive in comparison to gel products 

visualized by UV light (Ultra Violet). These 

techniques are promising to be developed and 

used as a tool for precise diagnosis and typing 

of leishmaniasis causative agent and its value 

should be assessed in field conditions. 
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