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     INTRODUCTION 

  Trypanosoma cruzi  infects human beings and causes 
Chagas disease/American trypanosomiasis in Central and 
South America. It is transmitted by  Rhodnius  and  Triatoma  
bugs through contaminated feces, 1,  2  and can also be trans-
mitted vertically by blood transfusion or during organ trans-
plantation. 3  The non-pathogenic  Trypanosoma rangeli  shares 
the same geographical location and same insect vectors with 
 T. cruzi , 2,  4,  5  hence, necessitating accurate differential diagnosis. 
 Trypanosoma rangeli  is capable of transmission both through 
feces and through the salivary glands. 6  Diagnosis of American 
trypanosomiasis relies on serological techniques, primarily 
using an indirect immunofluorescence assay (IFA) with  T. cruzi  
epimastigote forms. 4  Xenodiagnosis is mainly used for direct 
detection of  T. cruzi  parasites, although sometimes it is not 
effective in patients with very low parasitaemia, 7  and further-
more, it is time consuming. Polymerase chain reaction (PCR) 
allows precise identification of the infecting trypanosome 
species from blood or tissue samples, and detection of try-
panosomes in the vectors. 2,  5,  7  Despite its high specificity and 
sensitivity, the use of PCR is still not widespread in diagnostic 
laboratories of endemic areas, 4  mainly because of high costs 
and the requirement for specialized equipment. 8,  9  

 The loop-mediated isothermal amplification (LAMP) 
method is a gene amplification technique that uses 4 or 6 
primers that detect DNA of pathogenic organisms with high 
sensitivity and specificity. 10,  11  The major advantages of LAMP 
include: 1) the reaction is isothermal and detection can be 
conducted within 60 minutes, 2) it requires simple heating 
devices such as a water bath or laboratory heat block, and 
3) the detection of reaction results can be seen immediately 
after incubation by the naked eye caused by turbidity occurring 
in positive amplification reactions 12  or by addition of fluores-
cent dyes after incubation such as SYBR green, ethidium bro-
mide, or evagreen, which enable detection under UV light. 13  A 
more convenient loopamp fluorescent detection reagent (FD) 

(Eiken Chemical Co. Ltd., Tokyo, Japan) has been specifically 
developed for detection of LAMP products, whereby its addi-
tion to the reaction mixture before incubation enables detec-
tion of results immediately after incubation by the naked eye 
under UV without opening the reaction tube. 14  We have previ-
ously reported on LAMP primers developed for detection of 
 T. cruzi  infections, 15  although they were never tested with field 
samples from infected hosts or vectors. In this study, we have 
developed LAMP assays for detection of  T. cruzi  and  T. rangeli  
by targeting the 18S ribosomal RNA (rRNA) and small nucle-
olar RNA (snoRNA) genes, respectively, and further used 
these assays for detection of  T. cruzi  and  T. rangeli  infections 
in triatomine bugs collected from royal palm trees ( Attalea 
butyracea ) in Viento Fronco, Chilibre district, Panama. 

   MATERIALS AND METHODS 

  Insect collection and DNA extraction.   Fifty-two triatomine 
bugs were collected from royal palm trees ( Attalea butyracea ) 
growing nearby households in the community of Viento Fronco, 
Chilibre district, Colón province, Republic of Panamá. The 
bugs were transported to the laboratory with the permission of 
the Autoridad Nacional del Medio Ambiente (ANAM) from 
April to May 2006. In the laboratory the bugs were identified 
taxonomically and then dissected aseptically, and DNA was 
extracted from insect extracts (all internal organs of the bug) 
using the Puregene DNA Purification kit (Gentra Systems 
Inc., Minneapolis MN) according to the manufacturer’s 
instructions. Briefly, cell lysis solution and proteinase K 
(100 µg/mL) were added to whole insect extracts. The mixture 
was pipetted up and down to lyse the cells and then incubated 
at 55°C overnight. Samples were cooled at room temperature, 
protein precipitation solution was added, and the mixture was 
then centrifuged. The DNA was finally precipitated with 100% 
isopropanol, washed with 70% ethanol, and then hydrated 
with 50 µL of DNA hydration solution. 

 For optimization, specificity, and sensitivity of the reactions, 
the phenol-chloroform method, as described by Sambrook and 
Russel, 16  was used for DNA extraction of  T. cruzi  (Tulahuan 
strain) epimastigotes from  in vitro  cultures and  Triatoma 
infestans  and  Rhodnius prolixus  from pathogen-free colo-
nies of the National Research Center for Protozoan Diseases, 
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Obihiro University and uninfected human blood DNA. The 
 T. rangeli  (Panama strain) DNA was kindly provided by Azael 
Saldaña, Parasitology Unit, College of Medicine, University of 
Panamá. 

   LAMP.    Table 1  shows LAMP primer sets for  T. cruzi  and 
 T. rangeli  parasites targeting the 18S rRNA and the snoRNA-c11 
genes, respectively, designed using the LAMP primer explorer 
software version 4 ( http://primerexplorer.jp/e/ ). The LAMP 
reactions were performed as previously described by Notomi 
and others. 11  Briefly, a total volume of 25 µL containing 
12.5 µL of 2× LAMP buffer (40 mM Tris-HCl [pH 8.8], 20 mM 
KCl, 16 mM MgSO 4 , 20 mM [NH 4 ] 2 SO 4 , 0.2% Tween 20, 1.6 M 
Betaine, 2.8 mM of each deoxyribonucleotide triphosphates 
(dNTPs)), 1.3 µL primer mix (5 pmol each of F3 and B3, 40 pmol 
each of FIP and BIP and 20 pmol each of LF and LB), 8.2 µL 
distilled water, 1 µL (8 units)  Bst  DNA polymerase (New 
England Biolabs, Tokyo, Japan), and 2 µL of template DNA. In 
reactions whereby 1 µL FD was added to enable the detection 
by the naked eye, the volume of distilled water was adjusted 
appropriately. The reaction mixture was incubated at 63°C 
for 60 min using a Loopamp real-time turbidimeter (LA200, 
Teramecs, Tokyo, Japan). 

       PCR.   The PCR reactions were performed with specific 
 T. cruzi  primers and  T. rangeli  primers reported previously. 17  
The primer sequences are as follows: 

 For  T. cruzi , Tcru1: 5¢-AAA TAA TGT ACG GGK GAG 
ATG CAT GA-3¢ and Tcru2: 5¢-GGT TCG ATT GGG GTT 
GGT GTA ATA TA-3¢ and for  T. rangeli , TrINT1: 5¢-CGC 
CCA TTC GTT TGT CC-3¢ and TrINT2: 5¢-TCC AGC GCC 
ATC ACT GAT C-3¢. The PCR mixture (25 µL total volume) 
contained PCR Buffer (10 mM Tris-HCl [pH 8.3], 50 mM KCl, 
1.5 mM MgCl 2 ), 2 mM each of the dNTPs, 5 pmol of each primer, 
and 0.5 U of AmpliTaq Gold DNA polymerase (Applied 
Biosystems, Japan). The reaction mixtures were incubated in 
a PCR thermocycler (Applied Biosystems, Singapore) at 94°C 
for 10 min (initial denaturation step), and then subjected to 
35 cycles consisting of 45 s at 94°C (denaturation step), 1 min at 
58°C (annealing step), and 1 min at 72°C (extension), followed 
by terminal elongation for 7 min at 72°C. The PCR products 
were electrophoresed in a 1.5% agarose gel and stained with 
ethidium bromide solution for visualization under UV light. 

    RESULTS AND DISCUSSION 

 The loopamp real-time turbidimetry device enables observa-
tion of primer kinetics. Therefore, at the commencement of the 

study, LAMP reactions were conducted at 60, 63, 65, and 67°C 
to determine the optimal reaction temperature for both the 
 T. cruzi  and  T. rangeli  primer sets. The temperature at which 
the reaction would reach and cross the positive reaction thresh-
old, which is 0.1 of released turbidity 18  in a short period of time 
or faster than others, was selected as the optimal reaction tem-
perature (these reactions were done in five repetitions). As a 
result, the 63°C temperature was chosen as the optimal reac-
tion temperature because the reaction threshold time for posi-
tive reactions was achieved faster at this temperature (data 
not shown). The  T. cruzi  18S LAMP assay specifically ampli-
fied  T. cruzi  DNA without amplifying negative control DNA 
of  T. rangeli , vector insects, and human host ( Figure 1A ). 
The detection limit of the assay was 100 fg of serially diluted 
 T. cruzi  DNA ( Figure 1B  and  C ). The  T. rangeli  snoRNA 
LAMP assay also specifically amplified  T. rangeli  DNA with-
out amplifying the negative control DNA ( Figure 2A ) with 
a detection limit of 1 pg as determined from serially diluted 
DNA ( Figure 2B  and  C ). In this study, six LAMP primers were 
used for amplification of each target trypanosome DNA. In this 
way eight distinct regions were recognized on the target gene, 
thereby ensuring specificity, high sensitivity, and rapid reaction 
whereby amplification is achieved within 60 minutes. 10  

    Rhodnius pallescens  is considered to be the most important 
and widespread vector of  T. cruzi  and  T. rangeli  in Panama. 19  
In the current study, we therefore evaluated detection perfor-
mance of the newly developed  T. cruzi  and  T. rangeli  LAMP 
assays on DNA extracted from triatomine bugs (37 nymphae 
and 15 adults) collected from palm trees in Panama. Of the 
37 DNA samples extracted from  R. pallescens  nymphae, 10 
(27%) and 7 (19%) were  T. cruzi -positive by LAMP and PCR, 
respectively. Of the 15 adult  R. pallescens  DNA samples, 7 
(47%) were positive for  T. cruzi  infections by both LAMP and 
PCR assays ( Table 2 ). Therefore, out of a total of 52 DNA sam-
ples from  R. pallescens , 17 (33%) and 14 (27%) were  T. cruzi -
positive by LAMP and PCR, respectively. 

      However, for  T. rangeli , 3/37 (8%) were positively detected 
by LAMP from  R. pallescens  nymphae DNA, while none were 
positive by PCR. Of the 15 adult  R. pallescens  DNA samples, 
4/15 (27%) were positively detected for  T. rangeli  infections 
by both LAMP and PCR ( Table 2 ). Therefore, out of a total 
of 52 DNA samples from  R. pallescens , 7 (13%) and 4 (8%) 
were  T. rangeli -positive by LAMP and PCR, respectively. The 
LAMP assays developed in this study have shown a slightly 
higher detection performance than PCR. This is in agreement 
with previous studies where LAMP and PCR were compared 

  Table  1 
  LAMP primer sets used in this study  

Species Accession no. Size of target Gene Primer sequence

 Trypanosoma cruzi AF301912 187 bp FIP: 5¢- CGTGAGTTGAGGGAAGGCATGAGTTGTTGGCAGACTTCGGT-3¢
BIP: 5¢-GCATCCAGGAATGAAGGAGGGTTCGTCTTGGTGCGGTCTA-3¢
F3: 5¢-CCGTGTGGCACTGTTTGT-3¢
B3: 5¢-TGAAGAATGCCTTCGCTGT-3¢
LF: 5¢-CATGTGAGATGCGAAGGG-3¢
LB: 5¢-CATGTGAGATGCGAAGGG-3¢

 Trypanosoma rangeli AY028385 172 bp FIP: 5¢-TCATGCGTCGCAGCCGTACGCGAGAACGGGAGCA-3¢
BIP: 5¢-TTGCAGTTTCCTGTCAGCCTGACGTTTCAGTGTGAGCTGAGT-3¢
F3: 5¢-CGAGGACGGGCGAGAA-3¢
B3: 5¢-AAAAGGGGGGAAAGCAAGT-3¢
LF: 5¢-CCCGCCTTCTTCGCTCT-3¢
LB: 5¢-GCGCGTGACGACACAAC-3¢
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  Figure  1.    Loop-mediated isothermal amplification (LAMP) reactions with the 18S rRNA primer set for amplification of  Trypanosoma cruzi  DNA. 
Standard positive reaction threshold is 0.1 of the value of the turbidity released. ( A ) Specificity test of the LAMP assay using the real-time turbidim-
etry device. Tcru –  T. cruzi ; Tran –  Trypanosoma rangeli ; Tinf –  Triatoma infestans ; Rpro –  Rhodnius prolixus ; Human – DNA extracted from uninfected 
human blood; and DW – distilled water used as non-DNA negative control. Sensitivity test on serially diluted  T. cruzi  DNA from 100 ng down to 1 fg: 
( B ) detection using the real-time turbidimetry device, ( C ) detection under UV light by the naked eye using FD reagent. The green/bright fluorescence 
indicates a positive reaction and the dark/less fluorescent color indicates a negative reaction. This figure appears in color at  www.ajtmh.org .    
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  Figure  2.    Loop-mediated isothermal amplification (LAMP) reactions with the snoRNA primer set for amplification of  Trypanosoma rangeli  
DNA. Standard positive reaction threshold is 0.1 of the value of the turbidity released. ( A ) Specificity test of LAMP assay using the real-time tur-
bidimetry device. Tran –  T. rangeli ; Tcru –  Trypanosoma cruzi ; Tinf –  Triatoma infestans ; Rpro –  Rhodnius prolixus ; Human – DNA extracted from 
uninfected human blood; and DW – distilled water used as non-DNA negative control. Sensitivity test on serially diluted  T. rangeli  DNA from 
100 ng down to 1 fg: ( B ) detection using the real-time turbidimetry device, ( C ) detection under UV light by the naked eye using FD reagent. The 
green/bright fluorescence indicates a positive reaction and the dark/less fluorescent color indicates a negative reaction. This figure appears in color 
at  www.ajtmh.org .    
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for detection of salivarian trypanosome infections. 8,  20–  22  Mixed 
infections were detected from four adult triatomine bug sam-
ples by both LAMP and PCR. This highlighted the importance 
of a species-specific assay for each trypanosome species. 

 In this study, we present LAMP assays based on 18S rRNA 
and snoRNA genes for detecting and differentiation of  T. cruzi  
and  T. rangeli  infections. The  Bst  DNA polymerase used in the 
LAMP reaction is not affected by blood and tissue-derived 
components such as myoglobin, heme-blood protein com-
plexes, and immunoglobin G. 8,  23,  24  This gives LAMP an advan-
tage of greater detection efficiency in comparison to PCR for 
field-derived samples. Furthermore, the FD reagent that is 
added to the reaction tube before incubation enables detec-
tion of LAMP results by the naked eye immediately after 
the reaction without opening the reaction tube, thereby reduc-
ing the risk of contamination. This study brings LAMP to 
the fore as a possible alternative molecular diagnostic tool 
for confirmation of the presence of  T. cruzi  and  T. rangeli  
infections in vectors, clinical samples, transfusion blood sam-
ples, and during organ transplantation. 
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2010. 
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from triatomine bugs  

Insect 
stage

Total no. of 
samples

 T. rangeli  T. cruzi 

PCR LAMP PCR LAMP

+ve * +ve +ve +ve

Nymph 37 0 (0%) 3 (8%) 7 †  (19%) 10 †  (27%)
Adult 15 4 ‡  (27%) 4 ‡  (27%) 7 ‡  (47%) 7 ‡  (47%)
Total 52 4 (8%) 7 (13%) 14 (27%) 17 (33%)

  *  Positive detection.  
  †  Both loop-mediated isothermal amplification (LAMP) and polymerase chain reaction 

(PCR) positively detected  T. cruzi  from same seven samples, whereas 3 samples were posi-
tive by LAMP only.  

  ‡  Four samples were detected as  T. cruzi  and  T. rangeli  mixed infections by both LAMP 
and PCR.  



860 THEKISOE AND OTHERS

Amador County, Panama .  Rev Inst Med Trop Sao Paulo   50:  
 113 – 116 .  

  20.      Njiru   ZK  ,   Mikosza   AS  ,   Matovu   E  ,   Enyaru   JC  ,   Ouma   JO  ,   Kibona  
 SN  ,   Thompson   RC  ,   Ndung’u   JM   ,  2008 .  African trypanosomia-
sis: sensitive and rapid detection of subgenus  Trypanozoon  by 
loop-mediated isothermal amplification (LAMP) of parasite 
DNA .  Int J Parasitol   38:   589 – 599 .  

  21.      Njiru   ZK  ,   Mikosza   AS  ,   Armstrong   T  ,   Enyaru   JC  ,   Ndung’u   JM  , 
  Thompson   AR   ,  2008 .  Loop-mediated isothermal amplification 
(LAMP) method for rapid detection of  Trypanosoma brucei 
rhodesiense  .  PLoS Negl Trop Dis   2:   e147 .  

  22.      Thekisoe   OM  ,   Omolo   JD  ,   Swai   ES  ,   Hayashida   K  ,   Zhang   J  , 
  Sugimoto   C  ,   Inoue   N   ,  2007 .  Preliminary application and evalu-
ation of loop-mediated isothermal amplification (LAMP) for 
detection of bovine theileriosis and trypanosomosis in Tanzania . 
 Onderstepoort J Vet Res   74:   339 – 342 .  

  23.      Grab   DJ  ,   Lonsdale-Eccles   J  ,   Inoue   N   ,  2005 .  LAMP for tadpoles . 
 Nat Methods   2:   635 .  

  24.      Thekisoe   OM  ,   Bazie   RS  ,   Coronel-Servian   AM  ,   Sugimoto   C  ,   Kawazu  
 S  ,   Inoue   N   ,  2009 .  Stability of loop-mediated isothermal amplifi-
cation (LAMP) reagents and its amplification efficiency on 
crude trypanosome DNA templates .  J Vet Med Sci   71:   471 – 475 .    


