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البحث ملخص  

كما تناقش ھذه . المثقبياتأنواع و التفريق بين الكشف عن حياء الجزيئية في ات األيتقن ستخدامإھذه الورقة تركز على 
ستعرضت تطبيق بعض ھذه التقنيات في تشخيص أكما  .فى دراسة المثقبياتستخدمت أات التى يختصار التقنإالورقة ب

  . المثقبيات فى السودانوتوصيف 
Summary 

The present paper is focusing on the use of molecular techniques in detection and 
differentiation of trypanosomes. The paper discusses briefly the different techniques 
used in trypanosome studies. It also reviewed the application of some of these 
techniques in trypanosome diagnosis and characterization in the Sudan. 

 
Introduction 

Accurate identification of species, 
subspecies and subgroups of the genus 
Trypanosoma remains a challenging 
problem in the epidemiology of the 
disease in man and animals in tropical 
Africa. Conventional methods of detection 
and differentiation of trypanosomes were 
based on detection of the parasite which 
is usually hampered due to the low 
parasitaemia. However, with the advent 
of molecular biology, the specificity and 
sensitivity of trypanosome detection have 
increased. Several molecular biological 
techniques are applied in trypanosome 
detection and differentiation at the 
species and strains level. Moreover these 
techniques are also used successfully in 
Trypanosoma drug resistance studies. 
The aim of this review was to highlight 
the molecular techniques which are 
currently used in trypanosomosis studies 
in different areas including Sudan and 
the possible future use in the different 
trypanosome studies in the Sudan. 
 

Techniques 
Polymerase chain reaction (PCR) is an 
in vitro amplification of DNA. It involves 
synthesizing of two oligonucleotides 
(primers) of approximately twenty base 
pair (bp) in length complementary to 
the DNA sequences, flanking the target 
DNA, using DNA polymerase enzyme. 
The process consists of three stages; 
denaturation of double stranded DNA, 
annealing of primers to the single 
stranded DNA and extension of the new 
synthesized DNA (Brock, 1993). PCR 
has proved to be highly successful in the 
diagnosis of African trypanosomosis and 
highly sensitive and specific than other 
parasitological and serological tests and it 
has the ability to differentiate trypanosomes 
of different economic impact (Clausen 
et al., 1998; Solano et al., 2002). Several 
different primers for different genes were 
used like the species-specific primers of 
minichromosomal gene of the different 
trypanosome species (Masiga et al., 1992) 
and primers targeting the internal transcribed 
spacer of the trypanosome (Cox et al., 
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2005; Njiru et al., 2005). Recently the 
technique was successfully used in 
surveys of bovine trypanosomosis in 
Nigeria (Majekodunmi et al., 2013), 
and Ghana (Nakayima et al., 2012) and 
surveys of bovine and camel trypanosomsis 
in the Sudan (Salim et al., 2011a;b and 
Osman, 2013). 
Successful application of PCR-ELISA 
(PCR amplification products are used 
as an antigen in ELISA) for detection of 
trypanosome infections in livestock favours 
its use in epizootiological studies on the 
implementation of effective control 
programme (Chansiri et al., 2002).  
DNA sequencing is the determination 
of the precise sequence of nucleotides 
in a sample of DNA. Nicoll (2008) 
described two main methods for DNA 
sequencing. In first method, chemicals 
are used to cleave the DNA at certain 
positions, generating a set of fragments 
that differ by one nucleotide. The 
second method involves enzymatic 
synthesis of DNA strands that terminate 
in a modified nucleotide. Analysis of 
fragments is similar for both methods 
and involves gel electrophoresis and 
autoradiography (assuming that a 
radioactive label has been used). 
Sequencing of the whole genome of T. 
brucei, T. congolense and T. vivax is 
going on in the Sanger institute in 
United Kingdom. While Random 
shotgun clones representing the genome 
of T. brucei brucei strain TREU927/4 
were provided by El-Sayed and 
Donelson (1997). 
Restriction fragment length polymorphism 
(RFLP) is the band pattern generated 
when DNA is digested with a particular 
enzyme (Nicholl, 1994). RFLP using 
MspІ and Eco 571 restriction enzymes 
gave a clear distinction between T. 
congolense, T. brucei, T. vivax and T. 
theileri and several subgroups within T. 

congolense group. Also the use of 
MboІІ restriction enzyme allows 
differentiation between T. simiae and T. 
theileri (Geysen et al., 2003). 
Simukoko et al (2007) successfully 
adapted the same test for studying the 
epidemiology of livestock trypanosomosis 
in eastern Zambia. Cattle seem to be the 
major livestock species affected by the 
disease in trypanosomosis endemic areas. 
Amplified fragment length polymorphism 
(AFLP) is a DNA profiling technique 
based on the amplification of restriction 
fragments by PCR. AFLP starts with 
the digestion of genomic DNA with two 
restriction enzymes (EcoRІ and MSeІ); 
then adapters are legated to the 
restricted fragments end and PCR 
amplification is carried out using 
specific primers for the adapters 
(Masiga et al., 2000). AFLP accesses 
multiple independent sites within the 
genome, allows better relatedness of 
different trypanosome subspecies and 
clear differentiation of T. brucei gambiense 
from T. brucei brucei and T. brucei 
rhodesiense isolates (Agbo et al., 
2002). Masumu et al (2006) developed 
a modified AFLP with high resolution 
for T. congolense characterization.  
Random amplified Polymorphic DNA 
(RAPD) was described by Williams et 
al (1990) as DNA polymorphism assay 
based on the amplification of random 
DNA segments with single primer of 
arbitrary nucleotides sequence. Masiga 
et al. (2000) stated that "both RAPD 
and AFLP techniques don’t require 
prior availability of any sequence data 
and are therefore applicable to any 
organisms. Using RAPD technique for 
trypanosome phylogenesis, most of the 
T. equiperdium isolates were found 
clustering together with T. evansi in a 
homogenous group with high similarity 
while two strains of T. equiperdium and T. 
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brucei were clustered in a heterogeneous 
group (Claes et al., 2003). 
Real time polymerase chain reaction 
(Real time – PCR) combines PCR chemistry 
with fluorescent probe for detection of 
amplified product in the same reaction 
vessel. It accurately detects and 
quantifies the original amount of target 
DNA in a sample in a single stage of 
the reaction using fluorescent dyes. 
Becker et al (2004) developed a real-
time PCR assay for detection of T. 
brucei in blood samples from sleeping 
sickness patients. In general, the 
technique is faster than PCR and 
detection of amplified product is 
completed in an hour or less (Espy et 
al., 2006). Recently, a real time PCR 
assay was standardized by TaqMan 
primer and probe targeting the internal 
transcribed spacer 1 (ITS-1) region of 
rRNA for Trypanosoma evansi (Sharma 
et al., 2012). The technique was found 
sensitive and able to detect early 
infection and latent cases of 
trypanosomosis.  
Nested Polymerase Chain Reaction 
(nPCR) is a modified PCR intended to 
reduce contaminations caused by the 
amplification of unexpected primer 
binding. It requires the use of two 
different primer sets to amplify a 
specific DNA fragment located within 
the first PCR product (Brock, 1993). 
Application of nPCR-based assay 
resulted in direct detection of T. evansi 
from experimentally infected mice and 
naturally infected camels. It’s a valuable 
tool in studying the epizootiology of 
trypanosomosis in camels and other 
susceptible animals in Sudan (Aradaib 
and Majid, 2006). 
DNA probe hybridization is single 
stranded DNA sequences which have 
been radioactively or non-radioactively 
labelled (Muller et al., 1998). This 

probe is able to detect DNA fragments with 
sequence homology, while hybridization 
allows complementary base pairing of 
homologous sequences to probes under 
appropriate conditions. Mugittu et al 
(2001) recommended combination of PCR 
and DNA probes for large scale surveys 
of African animal trypanosomosis. The 
use of DNA probes, in spite of their 
limitations, has revolutionized the 
understanding of the epidemiology of 
trypanosomosis in Africa (Gibson, 
2002).  
Minisatellite is a section of DNA that 
consists of a short series of bases 10-
100bp. They occur at more than 
thousand locations in the human 
genome. Barret et al (1997) identified a 
minisatellite in the genome of T. brucei 
which can be used as a genetic marker 
to follow inheritance of chromosomes 
in genetic crosses, to identify DNA 
polymorphisms in the field and to 
detect variability of tandem repeat 
copies between alleles which may be 
identified by PCR analysis. T. b 
rhodesiense was differentiated from T. 
b. brucei by minisatellites markers 
which showed that many alleles and 
multilocus genotypes are unique to each 
geographical location (Macleod et al., 
2001). 
Microsatellite is known as simple 
sequence repeats. It is a class of genetic 
polymorphism commonly used for 
mapping linkage analysis and trace 
inheritance patterns. It is tandemly 
repeated sequences where the repeating 
unit is one to four nucleotides long and 
the number of times unit is repeated 
(Muller et al., 1998). Koffi et al (2007) 
concluded that the use of microsatellite 
markers will positively contribute to the 
study of the influence of parasite 
genetics in the diversity of responses to 
HAT and the improvement of HAT 
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molecular diagnosis. Those markers 
were used by Duffy et al (2009) and 
Simo et al (2013) to study the 
population genetics and genetic diversity 
of T. vivax and T. congolense forest 
type respectively, the technique 
revealed clonal population structure in 
both organisms. Salim et al. (2011b) 
used microsatellites to study the 
population structure of Sudanese T. 
evansi, they concluded that T. evansi is 
purely clonal and structured in small 
units at very local scales. 
Loop mediated isothermal amplification 
(LAMP) is a method that can amplify a 
few copies of DNA to 109 copies in less 
than an hour under isothermal 
conditions using four specific primers 
(Notomi et al., 2000). The technique is 
rapid, simple and can be carried out in 1 
hour time. It only requires a simple 
heating device for incubation. LAMP 
can be exploited as a useful alternative 
molecular diagnostic tool for trypanosome 
infections (Thekisoe et al., 2007). RIME 
LAMP test was found sensitive for 
detection of human trypanosomes with 
the ability to detect the results visually 
without the need for sophisticated 
equipment (Njiru et al., 2007). It is 
successfully used to diagnose camel 
trypanosomosis in Sudan (Abdel 
Rahman et al., 2011). 
Single-strand confirmation polymorphism 
(SSCP) is the electrophoretic separation 
of single stranded nucleic acids based 
on subtle differences in sequence which 
results in a different secondary structure 
and a measurable difference in mobility 
through a gel (Muller et al., 1998). 
SSCP was successfully used in 
detecting DNA polymorphism In T. 
cruzi in triatomine vectors (De Leon et 
al., 1998) and in diminazene resistant 
stocks of T. congolense (Delespaux et 
al., 2006). 

Mobile genetic elements (MGE) are 
sequences of DNA that can move 
around to different positions within the 
genome of a single cell. Several techniques 
can be used to detect these genes. MGE 
possess repetitiveness and variability that 
improve the discriminatory sensitivity of 
molecular epidemiological markers (Hide 
et al., 1996). Hide and Tilly (2001) 
developed MGE-PCR for assaying the 
potential variation of the mobile genetic 
elements, of which the trypanosome 
genome contains up to 400 copies. 
MGE-PCR showed genetic variability 
between T. b. gambiense isolates in 
Central Africa and allowed the 
identification of minor and major 
ubiquitous genotypes in HAT foci 
(Simo et al., 2005). 
Fluorescent fragment length barcoding 
(FFLB) is based on length variation in 
regions of the 18S and 28Sa ribosomal 
DNA. Fluorescently tagged primers, 
designed in conserved regions of the 
18S and 28Sa ribosomal DNA, were 
used to amplify fragments with inter-
species size variation, and sizes are 
determined accurately using an automated 
DNA sequencer. Using multiple regions 
and different fluorochromes, a barcode 
unique to each species was generated. 
FFLB was developed and successfully 
validated for the identification of 
African tsetse transmitted trypanosomes 
(Hamilton et al., 2008). 
DNA microarray is a highly density 
microscopic arrangement of immobilized 
samples of nucleic acid on a glass slide. 
It has been successfully applied to most 
of the protozoan parasites that cause 
human diseases. However, the results of 
this technique for Leishmania and 
Trypanosoma are primarily at the stage 
of validation (Duncan, 2004). Recently 
the technique was used to examine the 
transcriptome of two life cycle stages of 
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the T. b. gambiense (Veitch et al., 
2010); over eleven million unique tags 
were generated, producing expression 
data for 7360 genes, covering 81% of 
the genes in the genome. 
PCR and DNA probe hybridizations 
were used to assess the therapeutic 
efficiency of diminazene aceturate in 
cattle experimentally infected with T. 
brucei (Clausen et al., 1998). Both 
techniques provide a highly sensitive 
tool on the assessment of therapeutic 
efficiency especially in chronic infections 
when the level of parasitaemia is low or 
when trypanosomes are sequestered at 
cryptic sites. Genetic analysis of T. 
congolense by SSCP allows rapid 
detection of diminazene-resistant stocks 
(Delespaux et al., 2006).  PCR-RFLP was 
successfully applied to study drug 
resistance in T. brucei and T. congolense 
isolates collected from Adamaoua 
region in Cameroon (Mamoudou et al., 
2008).  
Conclusion, Recommendations and 
future prospects 
Trypanosomes can be identified by the 
morphology of blood stream forms, but 
this is unreliable if only a few trypanosomes 
are present. To improve trypanosomosis 
diagnosis, control and drug resistance studies 
in the future, simple, rapid, sensitive 
and specific tests are required. The 
ability to determine specific markers for 
different trypanosome species, sub-
species and strains in the Sudan remains a 
challenging issue. Using all or some of the 
afore-mentioned techniques is essential 
for better understanding of the epidemiology 
and control of human and animal 
trypanosomosis in the Sudan. 
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