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A Comparison of Parasitological Techniques (microscopy) and 1 

Loop-Mediated Isothermal Amplification (LAMP) of DNA in 2 

Diagnosis and Monitoring Treatment of Trypanosoma brucei 3 

rhodesiense Infection in Vervet Monkeys (Chlorocebus aethiops) 4 

ABSTRACT 5 

Microscopy and loop-mediated isothermal (LAMP) of DNA were compared in 6 

diagnosis and treatment follow-up of HAT in two vervet monkeys (Chlorocebus 7 

aethiops) infected with T. b. rhodesiense and treated with diminazene aceturate 8 

(Berenil®), 35dpi and later with Melarsoprol (Mel B®), 113dpi and 171dpi 9 

respectively. Saponin method and heat treatment were used in pure and crude DNA 10 

extraction respectively and amplified on thermocycler and water bath. SYBR green I 11 

and UV illumination of DNA in agarose gel were used to assess results. 12 

Parasitaemia, CSF-parasitosis, PCV, WBC-counts and CSF-protein concentration 13 

were determined. DNA was detected 7dpi in blood and serum and 21dpi in CSF. 14 

After Berenil® treatment, DNA cleared 56dpi in blood and serum of both monkeys, 15 

and re-appeared 77dpi and 129dpi in blood and serum of monkey A and B 16 

respectively. After Mel B® treatment, DNA cleared after 40 and 90 days and 90 and 17 

150 days in blood and serum and CSF of vervet monkey A and B respectively. The 18 

efficiency of microscopy was microscopy 28.21% and 21.18% in blood and CSF 19 

respectively. In blood, serum and CSF, the efficiency of LAMP was 60.26%, 55.13% 20 

and 79.49% respectively.  The X2 was 16.734 (p=0.000 and 38.023 (p=0.000) between 21 

LAMP and microscopy in blood and CSF respectively. The efficiency of pure DNA 22 

on a thermocycler was 60.27%, 55.13% and 78.12%, and 46.15%, 48.72% and 75.64% 23 

on a water bath in blood, serum and CSF respectively. Crude DNA had an efficiency 24 

of 56.41%, 56.41% and 76.92% on a thermocycler and 48.72%, 44.87% and 64.10% on a 25 

water bath in blood, serum and CSF respectively. In crude DNA on thermocycler, 26 

LAMP and microscopy had k of 0.397 and 0.602 and X2 13.141 (p=0.000) and 35.247 27 

(p=0000) in blood and CSF respectively. In late stages, k and X2 of 0.600 and 15.000 28 
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(p=0.000) were obtained in CSF. For treatment follow-up, k and X2 were 0.472 and 29 

19.429 (p=0.000) and 0.527 and 21.346 (p=0.000) in blood and CSF respectively. Heat 30 

treatment and amplification on a water bath may be used for sample preparation 31 

and amplification respectively. 32 

Key Words: Loop-mediated isothermal amplification (LAMP); Diagnosis; post-33 

treatment follow-up; HAT; Trypanosoma b. rhodesiense.  34 

INTRODUCTION 35 

Rhodesian form of human African trypanosomiasis (HAT) or sleeping sickness was 36 

an emerging public health problem [9].  Though it’s currently under control, it has 37 

been neglected in terms of drug development and research in understanding the 38 

pathogenesis, immunological and pathological changes [23]. The disease is caused 39 

by infection with T. b. rhodesiense transmitted by a bite of tsetse flies of Glossina spp 40 

and it’s fatal if left untreated [1]. It occurs in eastern, central and southern parts of 41 

Africa [15]. Other Trypanozoon are T. b. gambiense, T. b. brucei and T. evansi. 42 

Trypanosoma b. gambiense cause a devastating chronic form of the disease in western 43 

and central Africa. Trypanosoma b. brucei is lysed by human serum thus not infective 44 

but cause disease in livestock along with T. evansi. However, recent research 45 

indicated a human case of T. evansi infection reported in India [30, 28], highlighting 46 

the need to develop definitive diagnostic tests for trypanosomes in human infection.  47 

Devastating epidemics of T. b. rhodesiense in the past occurred in Uganda and 48 

western Kenya [2]. However, diagnosis has heavily relied on direct microscopic 49 

visualization of the trypanosomes in clinical samples [29]. This is less sensitivity as 50 

result of low parasitaemia. Despite improved laboratory diagnostic methods such as 51 

m-AECT [12], PCR [8] and dipstick test [3], diagnosis still remain unsatisfactory. 52 

Undiagnosed patient will remain untreated and will die soon or later. In the mean 53 

time, the patient becomes a burden to the family and acts as a reservoir of the 54 

disease. Diagnosis of HAT involves a combination of parameters such as origin of 55 

the patient, symptoms and detection of trypanosomes by microscopy. Clinical signs 56 

are non-specific, variable and inconstant. The paucity of these definitive diagnostic 57 
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test means that some patients go undetected and become potential source of 58 

infections to other people. 59 

Drugs available for therapy and prophylaxis are limited due to toxicity and 60 

resistance [34]. Treatment of early stage HAT is easier and safer though side effects 61 

have been reported upon the use of suramin [36]. For late-stage, long treatment 62 

schedule requiring hospitalization and considerable care in the use of toxic drugs is 63 

needed [32]. Melarsoprol, the only drug effective for the late stage is toxic [22]. 64 

Modification of treatment regime has not been able to reduce mortality and failure 65 

has been reported in the field [14]. Definitive diagnostic tests are thus crucial for the 66 

early detection cases to minimize false positive and exposure of patients to toxic 67 

drugs with unguaranteed efficacy [6] The molecular technique; Loop-mediated 68 

isothermal amplification of DNA [21] has been used diagnosis of HAT [11, 19, 20, 69 

24]. The present study evaluates of LAMP in diagnosis, staging and post-treatment 70 

follow-up of HAT in vervet monkeys infected with T. b. rhodesiense. 71 

MATERIALS AND METHODS 72 

Animals 73 

Two adult vervet monkeys (Chlorocebus aethiops) A and B were acquired from 74 

Institute of Primate Research (IPR), Kenya. The animals were housed in quarantine 75 

for 90 days, screened for evidence of any diseases including zoonotics. They were 76 

dewormed and treated for any ectoparasite infection and became accustomed to 77 

staying in individual squeeze-back stainless steel cages and human handling. They 78 

were fed on green maize, fresh vegetables (bananas, tomatoes and carrots) and 79 

commercial monkey cubes (Monkey pellets®, Unga Feeds Ltd, Kenya) twice daily. 80 

Drinking water was provided ad libitum. Before infection, the animals were 81 

transferred to experimental wards and allowed to settle for another three weeks. The 82 

institutional animal care and use committee (IACUC) and Institution’s scientific 83 

ethical review committee (ISERC) of TRC contacted to approve the protocol of this 84 

study. 85 
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Trypanosomes 86 

The stabilate T. b. rhodesiense KETRI 2537 was used. This was a derivative of EATRO 87 

1989 isolated from a human patient in Uganda in 1972 by direct inoculation of blood 88 

and lymph node aspirate into a monkey, and later cryopreserved [4].  89 

Trypanocidal compounds 90 

Melarsoprol (Mel B; Arsobal®, Specia) and diminazene aceturate (Berenil®, Hoechst) 91 

were used. Mel B was presented as 3.6 mg/mL solution. The total volume of 92 

administration was made up to 1 mL using water for injection. Berenil was weighed 93 

and reconstituted in distilled water to give a volume of 1 mL for injection.   94 

Experimental design 95 

Two vervet monkeys were infected by intravenous injection with 104 T. b. rhodesiense 96 

using femoral vein in 1 mL of phosphate saline glucose (PSG). Before and during the 97 

course of the disease, a daily clinical evaluation was carried out. Parasitaemia was 98 

estimated using the rapid matching method [5] and Haematocrit centrifugation 99 

technique (HCT) [31] for low parasitaemia. At weekly intervals, the animals were 100 

anaesthetized with diazepam (May and Baker, U.K) at a dosage of 1mg/Kg bwt and 101 

ketamine hydrochloride (Rotexmedica, Trittau, German) at a dosage of 10-15mg/Kg 102 

bwt weighed, and detailed clinical examination undertaken. 5 mL of Ethylene-103 

diamine-tetra-acetic acid (EDTA) blood was collected by femoral vein puncture. 5 104 

mL non-EDTA collected blood was processed into serum. Packed cell volume (PCV) 105 

was determined using the standard micro-haematocrit method [23]. 2 mL of CSF was 106 

collected by lumbar puncture. When the animals were sick, they were treated with 107 

berenil at 5 mg/Kg btw intra muscularly (IM) at 35 dpi for three days. The animals 108 

were not cured but developed clinical meningoencephalitis and were treated with 109 

Mel B (3.6 mg/Kg bwt) from 113dpi and 171 dpi respectively for three days. The 110 

animals were then monitored during a follow-up for a period of 250-300 days.  111 
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Cerebrospinal fluid sampling and analysis 112 

Free fresh CSF collected in a capillary tube was immediately transferred to a 113 

microscope for trypanosomes detection. If trypanosomes were not seen, the tube was 114 

centrifuged and examined using a microscopy as described by Gould and Sayer [37]. 115 

Fortress protein assay kit (Serolab, UK) was used to estimate the total proteins in the 116 

CSF. Cerebrospinal fluid white blood cell counting was done using a drop of fresh 117 

CSF in a haemocytometer. 118 

Preparation of the DNA template for LAMP test 119 

Crude total DNA was extracted through heat treatment of the samples [20]. 15µL of 120 

the sample was mixed with 40 µL of ultra pure water (PCR grade) (Fisher Biotec), 121 

boiled for 3-5 minutes in a water bath, centrifuged at 20,800g for 10 minutes. The 122 

CSF was boiled 3-5 minutes and centrifuged at 20,800g without dilution. 10-15 µL of 123 

supernatant was collected for LAMP test. Pure total DNA was extracted using 124 

Saponin method [35]. Briefly, 500 µL of the sample was mixed with 500µL of Saponin 125 

lysis buffer (0.15%w/v Saponin, 0.2%w/v NaCl and 1mM EDTA) and vortexed.  The 126 

mixture was then centrifuged at 11,000g for 10 minutes in a microcentrifuge 127 

followed by four washes in the same buffer. The resulting pallet was then re-128 

suspended in 100µl of PCR buffer (50 mM KCl, 1.5 mM MgCl2, 10 mM of Tris-HCl, 129 

pH 8.3) and incubated at 95oC for 20 min, cooled and stored at -20oC.   130 

Oligonucleotide primers 131 

Primer RIME 1, 5'-GTTCCCACCCCGTTGGCGG-3’ and RIME 2, 5’-132 

CGTGGGCGCCCAGCCGTG-3’ designed from the genetic data bank sequence (Genbank 133 

Accession No. K01801) were used to design six LAMP primers [20] for the study. These 134 

primers include; two inner primers, forward inner primer (FIP), 5’-135 

GGAATACAGCAGATGGGGCGAGGCCAATTGGCATCTTTGGGA-3’ and backward inner 136 

primer (BIP), 5’–AAGGGAGACTCTGCCACAGTCGTCAGCCATCACCGTAGAGC-3’ two 137 

outer primers; forward outer primer (F3) 5’-CTGTCCGGTGATGTGGAAC-3’ and backward 138 

outer primer (B3), 5’-CGTGCCTTCGTGAGAGTTTC-3’,  two loop primers; loop forward 139 

primer (LF) 5’–GCCTCCCACCCTGGACTC-3’  and loop backward primer (LB) 5’-140 

AGACCGATAGCATCTCAG-3’.  141 
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LAMP reaction  142 

LAMP reaction was carried using Loop amp DNA amplification kit (Eiken Chemical 143 

Co. Ltd., Japan). The LAMP reaction mixture (25µL) contained template, 40 pMol 144 

each of FIP and BIP, 5 pMol each of F3 and B3, 5pMol of each LF and LB, 8 U of Bst 145 

DNA polymerase large fragment (New England Biolabs, MA, USA), 1.4mM dNTPs, 146 

0.8M betaine, 20mM Tris-HCl (pH 8.8), 10 mM KCl, 10mM (NH4)2SO4, 8mM MgSO4, 147 

and 0.1%Tween 20. 1µL of pure total extracted DNA and 2-4 µL of crude total 148 

extracted DNA was used as the template for the LAMP reaction. The test was carried 149 

out for 30 minutes to 1 hour at 65°C in a Rotor-Gene 3000 thermocycler (Corbett 150 

Research, Sydney, Australia) and in water bath. In both cases, termination of the 151 

reaction was done by increasing the temperature to 80°C for 4 minutes.  152 

Detection of LAMP product 153 

Amplification of DNA in the LAMP reaction was monitored through direct visual 154 

inspection after addition of 1 µL/mL of 1/10 dilution of SYBR Green I (Invitrogen, 155 

Australia) and electrophoresis in 1% ethidium bromide stained agarose gel and the 156 

bands visualized after illumination with UV light. To confirm that LAMP amplified 157 

the correct target, the product was digested with specific restriction enzyme Ndei I 158 

(New England Biolabs, Ma, USA) at 37°C for 3h, followed by electrophoresis in 1% 159 

agarose stained with ethidium bromide solution (1µg/ml). The bands were 160 

visualized after illumination using UV light.  161 

RESULTS 162 

Pre-treatment clinical findings 163 

The animals developed clinical signs of the disease 5-7 dpi characterized by mild 164 

fever, splenomegarly and lymphadenopathy, dullness, reduced appetite and raised 165 

hair coat, progressive anaemia, rapid wasting and weight loss. The predictive 166 

clinical sign of the diseases such as lethargy, somnolence, ataxia, abnormal posture 167 

and muscle tremors were not observed. Parasiteamia developed 5dpi and remained 168 

high characterized by minor fluctuations until treatment. In the CSF trypanosomes 169 
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were first detected between 21-28dpi. Before infection, the PCV ranged from 50-61% 170 

decrease after infection until treatment.  171 

172 

 173 
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Figure 1: PCV and parasitaemia changes in T. b. rhodesiense infected vervet monkeys 174 

infected treated with berenil and Mel B  175 

Post-treatment clinical findings 176 

After berenil treatment at 35 dpi, the clinical signs disappeared for 10 days and re-177 

appeared. The clinical signs disappeared after Mel B treatment at 113 and 171 dpi in 178 

two monkeys A and B respectively. Parasiteamia cleared off within 3 days after 179 

berenil treatment. In one of the monkey no parasiteamia relapse occurred while the 180 

other monkey had parasiteamia relapse between 154 and 168 dpi which cleared off 181 

after Mel B treatment at 171 dpi.  An increase in PCV after berenil treatment was 182 

observed which returned to normal after Mel B treatment.    183 

Pre-treatment CSF changes 184 

The CSF white blood cells during pre-infection ranged between 1 and 3 cell/mm3. 185 

After two weeks of infection, the number of white cells increased gradually, reaching 186 

between 11-18 cell/mm3. Before infection, total CSF protein concentration ranged 187 

between 23-25 mg/dl. There was an increase in total protein concentration above 25 188 

mg/dl after two weeks of infection.  189 

 190 

Post-treatment CSF changes 191 

Berenil treatment 192 

Treatment with berenil had no effect on trypanosomes, WBC count and total protein 193 

concentration in the CSF. The WBC count and total protein concentration in the CSF 194 

fluctuated. The number of white cells some times decreasing <5 cell/mm3 while the 195 

total protein concentration remained above 25 mg/dl.  196 

Melarsoprol treatment 197 

Trypanosomes were cleared off from the CSF by day 3 days after Mel B treatment. It 198 

was only after Mel B treatment that the number of WBC decreased <.5 cell/mm3 199 

dropping to levels < 5cell/mm3, by 62 and 53 dpt with Mel B in monkey A 200 

respectively. After Mel B treatment, major decreased in the total protein 201 

concentration was observed at 78 and 136 dpt with berenil. Trypanosomes were 202 

cleared off in the CSF of both monkeys 3 days after Mel B treatment. During the 203 
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post-treatment follow-up period up to 462, the animals were aparasitaemic with no 204 

parasites detected in the CSF. 205 

206 

 207 

Figure 2: Total CSF protein concentration and number of white blood cells 208 

(No/mm3) in T. b. rhodesiense infected vervet monkeys with berenil and Mel B.   209 

 210 
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Detection of trypanosome DNA in the LAMP amplicon 211 

LAMP detected DNA at 7 dpi in the blood and serum disappearing after berenil 212 

treatment at 35 dpi and reappeared after 35 dpt with berenil. The DNA disappeared 213 

completely in the blood and serum after Mel B treatment. In the CSF, DNA was 214 

detected at 21 dpi and disappeared only after Mel B treatment at 113 and 171 dpi in 215 

monkey A and B respectively. 216 

 

Table 1: The efficiency of LAMP in different DNA extraction and amplification 
methods 

Sample Method of DNA extraction  and amplification and percentage (%) 
detection 

Pure DNA; 
thermocycler 
(%) 

Pure DNA; 
water bath 
(%) 

Crude DNA; 
thermocycler (%) 

Crude DNA; 
water bath (%) 

Blood 60.27 46.15` 56.41 48.72 

Serum 55.13 48.72 56.41 44.87 

CSF 78.21 75.64 76.92 64.10 

 217 

Table 2: The differences between DNA extraction and amplification method in 218 

detection of trypanosome DNA using LAMP 219 

DNA extraction and amplification 
method 

Chi-Square value (X2); p-values 

Blood Serum CSF 

Pure DNA Vs crude DNA; thermocycler 
(N=78)                                                                                                                                                           

0.026 
(p=0.873) 

0.646 
(0.421) 

1.53 
(p=0.216) 

Pure DNA Vs Crude DNA; water bath 
(N=78) 

0.273 
(p=0.626) 

0.026 
(p=0.872) 

0.037 
(p=0.848) 

Pure DNA; thermocycler Vs Pure DNA 
water bath  

3.153 
(p=0.078) 

0.642 
(p=0.423) 

0.001 
(p=0.975) 

Crude DNA; Thermocycler Vs Crude 
DNA; Water bath 

1.258 
(p=0.262) 

3.108 
(p=0.078) 

2.026 
(p=0.155) 

 

 

Table 3: Agreement of LAMP between different DNA extraction and amplification 
method in detection of trypanosome DNA in different samples 

sample preparation/amplification method for Percent agreement (k) 
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LAMP Blood Serum CSF 

Pure DNA Vs crude DNA; thermocycler  0.039 0.013 0.116 

Pure DNA Vs Crude DNA; water bath  0.038 0.052 0.038 

thermocycler Vs water bath; Pure DNA  0.141 0.064 0.025 

Thermocycler Vs Water bath; Crude DNA 0.088 0.012 0.435 

 

Table 4: Chi-Square values (X2) of LAMP in detection of trypanosome DNA in serum 
and CSF versus blood 

Sample Difference or agreement 

Chi-Square values (X2); 
p-values 

Percent agreement (k)  Remarks 

Serum 0.000 (p=1.000) 0.017 Marginal 

agreement 

CSF 9.510 (p=0.002) 0.205 Marginal 

agreement 

 220 

Table 5: Percentage efficiency, agreement (k) and difference (X2) between LAMP and 
microscopy in detection of trypanosome in blood and CSF. 

Sample  Detection  method  

Microscopy 
(%detection) 

LAMP 
(%detection) 

Agreement 
(k) 

Difference (X2; 
p-values) 

Blood 28.21 60.26 0.397 13.141 (p=0.000) 

CSF 21.18 79.49 0.602 35.247 (p=0.000) 

 

Table 6: Percentage agreement (k) and difference (X2) between LAMP and 
microscopy in detection of trypanosomes at different stages of the disease 

Sample Percent agreement (k)  and Chi-Square value (X2); p-values 

 Percent agreement 
(k)   

Remarks (X2); p-values 

Early stage (0-35 dpi) 

Blood 0.143 Marginal agreement 0.000 (p=1.000) 

CSF 0.088 Marginal agreement 0.168 (p=0.042) 
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                   Late stage (35 dpi - until treatment)* 

Blood 0.233 Marginal agreement 3.270 (p=0.071) 

CSF 0.600 Good agreement 15.000 (p=0.000) 

After treatment (post-treatment follow-up period) 

Blood 0.472 Good agreement 19.249 (=0.000) 

CSF 0.527 Good agreement 21.346 (p=0.000) 

*treatment by Mel B 221 

No significant differences in different DNA extraction and amplification methods on 222 

LAMP were observed in the blood, serum and CSF. The agreements of different 223 

DNA extraction and amplification methods on LAMP were marginal in the blood, 224 

serum and CSF. However, for crude DNA on a thermocycler and a water bath, the 225 

agreement was good in the CSF. Thus the performance of LAMP on the different 226 

DNA extraction and amplification methods was similar in the blood, serum and CSF 227 

(Table 3).  In different samples LAMP test showed no significant difference and 228 

marginal agreements between different DNA extraction and amplification methods 229 

(Table 3 and Table 4).  230 

Therefore, crude DNA on a thermocycler was used in evaluating the performance of 231 

LAMP different samples. The X2-Statistics between blood and serum in detection of 232 

trypanosome using LAMP for crude DNA on a thermocycler (Table 4) had no 233 

significant. A significant difference was observed between blood and CSF. There 234 

agreements between blood and serum and between blood and CSF were marginal. 235 

Microscopy and LAMP had marginal and good agreements in blood and CSF 236 

respectively. The X2-Statistics (Table 6) between LAMP and microscopy in detection 237 

of trypanosomes in the blood and CSF at different stages of the disease indicated no 238 

significant difference in blood. A significant difference was observed in the CSF 239 

during early stage. In the late stage, there was no significant difference in the blood 240 

while a significant difference was observed in the CSF.  After treatment, significant 241 

differences were observed in the blood and CSF.   242 
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The percentage agreement (k) (Table 6) between LAMP and microscopy in the 243 

detection of trypanosomes in both blood and CSF was marginal in the early and late 244 

stages. In the CSF, the agreement was good. After treatment, LAMP and microscopy 245 

had good agreements both in the blood and CSF. 246 

DISCUSSION 247 

Diagnosis of HAT conventionally has relied on clinical signs and microscopy which 248 

are not always accurate. In this study, fever, wasting, spleenomegaly and 249 

lymphadenopathy were observed. However, the development of these clinical signs 250 

in different vervet monkeys infected with the same stabilate [33] were different from 251 

those encountered in this study. This was replicated in the study when the two 252 

vervet monkeys infected with the same stabilate T. b. rhodesiense KETRI 2537. This 253 

suggests that clinical parameters such as fever, wasting, spleenomegaly and 254 

lymphadenopathy among others are not sufficient in diagnosis of the disease. The 255 

different progression of parasitaemia in the two vervet monkeys and failure to detect 256 

trypanosomes in the CSF confirmed the insufficient nature of clinical signs and 257 

microscopy for diagnosis of HAT. Therefore, for proper diagnosis, clinical signs and 258 

microscopy should be supplemented with other diagnostic methods like the one 259 

described in this study. 260 

Staging and post-treatment follow-up of HAT is done by the examination of CSF for 261 

trypanosomes, elevated total protein concentration and WBC counts. Increased WBC 262 

counts >5 cell/mm3 and total protein concentration >25 mg/dl starting from 14 dpi 263 

indicated the initiation of late stage HAT with trypanosomes detected 21 dpi. One 264 

limitation of the study was that CSF sampling was done on weekly basis because of 265 

ethical issues as daily collection of CSF would have caused suffering to the animals. 266 

However, the study shows that the vervet monkey model was demonstrated to be 267 

applicable in staging of the disease. 268 

After the start experiment, parasites were undetectable in blood and CSF 3 days after 269 

Berenil® and Mel B® treatment but the DNA was detected. The decrease in WBC 270 

counts to normal level between 50-150 days post Mel B® treatment indicated 271 
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clearance of trypanosomes in the CSF. An increased WBC count is regarded as a 272 

reliable test for staging the disease but its effectiveness is doubtful as the accuracy of 273 

the haemocytometer is about equal to the upper limit of normal count and limited by 274 

cell lysis [10]. The total protein concentration in the CSF decreased after Mel B® 275 

treatment but was still >25 mg/dl at end of the monitoring period. Increase in total 276 

protein concentration and WBC counts for staging HAT are not specific [18] while 277 

detection of trypanosomes in the CSF was difficult. Therefore, the two methods 278 

cannot be separately used for staging of HAT but used in complementarity.  279 

The performance of LAMP on the different DNA extraction and amplification 280 

methods was found to be similar in efficiency with that of both thermocycler and a 281 

water bath on pure and crude DNA varied. These differences were not significant 282 

and the agreements were marginal. This means that crude DNA on a water bath may 283 

also be adopted for use in LAMP. Thus, the invention of a heat block has resolved 284 

the challenges of controlling the temperature. This further extends the application of 285 

LAMP in areas where thermocyclers cannot be used besides reducing the operation 286 

cost of the test. The results of crude and pure DNA on LAMP showed marginal 287 

agreements and no significant difference. This implies that the expensive pure DNA 288 

extraction step which requires expertise can be omitted further shortening the time 289 

for the test and reducing the cost. Similar findings on diagnosis of trypanosomiasis 290 

using RIME gene on archived sample were reported [20]. 291 

Detection of trypanosome DNA in LAMP amplicon by electrophoresis in ethidium 292 

stained agarose gel, a post-amplification processing increases the time for this test to 293 

give results and may also introduce risks for contaminations [20]. Visualization of 294 

colour changes after addition of fluorescent dye, SYBR Green I dye give results 295 

immediately [16]. Omitting a post-amplification step significantly reduced the 296 

detection time and also the cost of this test was cut. Microscopy had low efficiency in 297 

detection of trypanosomes at different times than LAMP due to undulating 298 

parasiteamic waves. The significant difference between the two methods in detection 299 

of trypanosomes suggests the sensitivity of LAMP compared to microscopy. The 300 
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results from this study are in agreement with the finding other studies [13, 20]. The 301 

high efficiency of LAMP in the CSF regardless of DNA extraction and amplification 302 

method is attributed to its purity. Blood and serum may contain PCR inhibitors 303 

which may also inhibit LAMP by acting as impurities [11]. Although marginal 304 

agreement and significant difference were noted between blood and serum in 305 

LAMP, use of blood is preferred owing to tiresome and time consuming procedure 306 

of processing blood for serum.  307 

Trypanosome DNA was detected at 7 dpi in the blood and serum although it should 308 

have been detected much earlier. However, samples were collected on weekly basis 309 

starting at 7 dpi due to ethical considerations when dealing with non-human 310 

primate experiments. The marginal agreements and insignificant difference noted 311 

between LAMP and microscopy during early stages of the infections needs to be 312 

investigated.  For proper evaluation of LAMP during early stages in such studies, it 313 

is recommended that the samples be collected on daily basis. Trypanosome DNA 314 

was detected earlier than trypanosomes confirming the sensitivity of LAMP. As the 315 

disease progressed to the late stage, good agreement in terms of diagnosis and 316 

significant differences were noted between LAMP and microscopy in the CSF. In the 317 

blood sample a marginal agreement and insignificant difference was note between 318 

LAMP and microscopy. Due to the low sensitivity of CSF parasitosis, findings from 319 

this study suggest that LAMP may be a good test for staging the disease. Another 320 

advantage of LAMP is that it is a specific test as compared to WBC count and protein 321 

concentration.  322 

The good agreements and significant differences noted between LAMP and 323 

microscopy after curative Mel B® treatment suggest the superiority of LAMP. 324 

Microscopy could not detect trypanosomes both in the blood and CSF 3 days after 325 

treatment but trypanosome DNA was still present and could be detected by LAMP 326 

in the CSF 120 to 150 dpt. This further suggests the limitations of microscopy. There 327 

are different PCR assays that have been developed in detection of trypanosome 328 

DNA although none of them was evaluated and validated [8, 28, 29]. However, the 329 
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use of LAMP technique has been evaluated in diagnosis of HAT [13, 24, 25]. The 330 

observations of all the studies suggest that LAMP can be used as an alternative 331 

method in monitoring the treatment outcomes of the disease. This study shows that 332 

for post-treatment diagnosis follow-up at least 5 months may be adequate for LAMP. 333 

The current methods used for post-follow-up are done for a period of 24-36 months. 334 

In this context therefore, it’s important to note that LAMP could be useful in 335 

diagnosis, staging and monitoring treatment outcome. 336 

The trypanosomes-infected vervet monkey model of HAT [18] has been shown to 337 

develop both clinical and pathological changes mimicking the human disease. 338 

However, no comparable studies have been conducted in vervet monkey model for 339 

the purpose of diagnosis and monitoring treatment outcome using LAMP. The 340 

present study investigated the use of LAMP in diagnosis, staging and monitoring 341 

treatment of T. b. rhodesiense form of HAT in vervet monkey model. The findings 342 

from this study are in agreement with those that involved the use of archived 343 

samples [11, 19, 20, 24].  344 

LAMP has been used in diagnosis of HAT using archived clinical samples [11, 19, 20, 345 

24]. In this study, LAMP based on primers derived from RIME gene were used. It 346 

has been suggested that LAMP may be suitable for both diagnosis and post-347 

treatment follow-up because it utilizes Bst DNA polymerase large fragment with 348 

optimal temperature ranging from 60 °C to 65 °C inactivated at 80 °C after the 349 

reaction [21]. This reduces the prospects of non-specific priming which tends to 350 

result into false positive results. A set of two specially designed inner and outer 351 

primers; forward inner primer (FIP) and backward inner primer (BIP) and outer 352 

primers; forward outer primer (F3) and backward outer primer (B3) are used [21]. 353 

Two more primers; loop forward primer (LF) and loop backward primer (LB) may 354 

be included. This increases sensitivity and acceleration of the reaction, reducing the 355 

time by a half the time for PCR [17]. The use 4-6 primer pairs that recognize 6-8 356 

region of targeted DNA increases specificity and sensitivity of the test. LAMP results 357 

can be visualized by addition of fluorescent dyes such as SYBR Green I under UV 358 
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light and could be seen by naked eyes [7]. The dye, SYBR Green I was used and 359 

similar results noted in the study. This eliminates the need for electrophoresis in 360 

ethidium bromide stained agarose gel, a post- amplification processing and reduce 361 

the exposure to ethidium bromide, a potential mutagen.  362 

The use of crude and pure DNA samples in LAMP was also assessed. The results of 363 

crude and pure DNA on LAMP had marginal agreements and no significant 364 

difference in detection of trypanosome DNA in whole blood, serum and CSF. This 365 

implies that the pure DNA extraction step can be omitted further shortening the time 366 

for the test. Similar findings using RIME gene were reported by other studies [20]. 367 

Blood and serum had similar results in detection of trypanosome DNA using LAMP. 368 

Thermocycler and simple incubators such as heat block and water bath were 369 

previously noted to allow low concentration of DNA to be amplified within 35 370 

minutes in a laboratory [20]. This makes LAMP cost friendly as compared to other 371 

molecular methods for detection of trypanosome DNA. In previous studies, LAMP 372 

showed superior tolerance to biological substances such as proteins found in clinical 373 

sample [20]. This was also noted in the study where both pure and crude DNA 374 

extraction methods were used to prepare sample for LAMP. The use of various heat-375 

treated templates; blood, serum, CSF, native sera and buffy coat [20] eliminate the 376 

need for pure DNA extraction, shortening further the time for the LAMP reaction.   377 

Previous studies have also shown that the use of reagents stored at varied 378 

temperatures between 25 °C and 37 °C which are above the recommended storage 379 

temperature for LAMP reagents had no effects on the detection sensitivity [26]. This 380 

further suggests the cost friendliness of LAMP and promisibility for use and storage 381 

in tropical climate like most parts of the African continent where high temperatures 382 

are common. The use of different DNA template preparation and amplification 383 

methods further promises the practicability of LAMP in diagnosis, staging and 384 

monitoring treatment of HAT [20, 26]. Therefore, developing LAMP for detection of 385 

animal and human trypanosomes is of economic importance [11, 24, 25] owing to the 386 

difficulties posed by diagnosis. However, further improvements on rapidity and 387 
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simplicity of DNA preparation methods are required to enhance the practicability of 388 

LAMP for diagnosis, staging and monitoring treatment of HAT. 389 

CONCLUSIONS 390 

This study was aimed at solving the problems associated with diagnosis, staging and 391 

monitoring the treatment of HAT. Molecular diagnostic methods for HAT including 392 

PCR and dipstick test have major limitations making them unfeasible in field 393 

settings due to the need of sophisticated equipments and cost involvement. The 394 

present study indicates that LAMP can be used to exclude false negative results 395 

caused by the insensitive ‘Gold standard’ microscopy in diagnosis, staging and 396 

monitoring treatment of HAT. Despite the fact that LAMP has been promising as a 397 

molecular method for the diagnosis and post-treatment follow-up of animal 398 

trypanosomiasis further research has to be done to evaluate its use and potential use 399 

in the field. Due to the zoonotic nature of African trypanosomiasis, development of 400 

LAMP based on a universal gene for all trypanosomes will be a breakthrough in 401 

solving the problem of diagnosis and monitoring treatment. Thus development of 402 

LAMP able to detect the DNA as a molecular marker in all groups of trypanosomes 403 

should be a research priority in the diagnosis of HAT.  404 

RECOMMENDATIONS 405 

The results from this vervet monkey model suggest that LAMP may be a strong 406 

candidate in diagnosis and monitoring treatment of HAT. Blood and serum may be 407 

used as samples for LAMP during haemolytic stage. However, blood is the preferred 408 

sample owing to the long and tiresome procedure of processing blood for serum.  409 

Heat treatment of the samples may be adopted as the sample preparation method 410 

with amplification in a water bath. Visualization using SYBR Green I dye which give 411 

results immediately after amplification is thus recommended. Due to low sensitivity 412 

of microscopy and some of the markers used in staging, LAMP is preferred during 413 

stage determination of the disease.  Therefore LAMP can be performed for early and 414 

late diagnosis of the disease and also during post-treatment follow-up. However, 415 

further research on its applicability in the field settings is needed in appropriate 416 
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experimental animal model to supplement the already finished and ongoing 417 

research for proper evaluation. 418 

REFERENCES 419 

1. Burri C, Brun R: Human African trypanosomiasis. In Manson’s tropical diseases, 420 

Edited by Cook GC, Alimuddin Z. 21st edition. Elsevier Science, Edinburgh, 421 

United Kingdom; 2003: 1303–1323 422 

2. de Raadt P: The history of sleeping sickness. World Health Organization (WHO). 423 

Technical consultations on trypanosomiasis 2005, TRYP/LUM/93/3. 424 

3. Deborggraeve S, Claes F, Laurent T, Mertens P, Leclipteux T, Dujardin JC, 425 

Herdewijn P: Büscher P: Molecular dipstick test for diagnosis of sleeping 426 

sickness. Journal of Clinical Microbiology 2006, 44: 2884-2889. 427 

4. Fink E. Schmidt H: Preclinical testing of potential trypanocidal drugs in primates. 428 

In preliminary investigation of an experimental diamidine in vervets. Edited by 429 

Njogu AR, Tukei PM. and Roberts JMD. Recent Developments in Medical 430 

Research in East Africa Nairobi; 1980: 173-182 431 

5. Herbert WJ, Lumsden WHR: Trypanosoma brucei: A rapid “Matching” method 432 

for estimating the host parasitaemia. Experimental Parasitology 1976, 40: 427-431. 433 

6. Inojosa WO, Augusto I, Bisoffi Z, Josenado T, Abel PM, Stich A, Whitty, CJM: 434 

Diagnosing human African trypanosomiasis in Angola using a card agglutination 435 

test: observational study of active and passive case finding strategies. Biology and 436 

Molecular Jouenal 2005, 332: 1479. 437 

7. Iwamoto T, Sonobe T, Hayashi K: Loop-mediated isothermal amplification for 438 

direct detection of Mycobacterium tuberculosis complex, M. avium, and M. 439 

intracellulare in sputum samples. 2003; Journal of Clinical Microbiology. 41: 2616–440 

2622. 441 

UNDER PEER REVIEW



20 

 

8. Jamonneau V, Solano P, Garcia A, Lejon V, Dje N, Miezan TW, N’Guessan P, 442 

Cuny G, Buscher P: Stage determination and therapeutic decision in human 443 

African trypanosomiasis: value of polymerase chain reaction and 444 

immunoglobulin M quantification on the cerebrospinal fluid of sleeping sickness 445 

patients in Cote d’Ivoire. Tropical Medicine and International Health 2003, 8: 589–446 

594. 447 

9. Kabayo P: Aiming to eliminate tsetse flies from Africa. 2002; Trends in 448 

Parasitology. 18: 473-475. 449 

10. Kagira JM, Thuitha JK, Ngotho JM, Mdach R, Mwangangi DM, Ndung’u JM: 450 

Haematology of experimental Trypanosoma brucei rhodesiense infection in vervet 451 

monkeys. African journal of health sciences 2006, 13:59-65. 452 

11. Kuboki N, Inoue N, Sakurai T, Di Cello F, Grab DJ, Suzuki H, Sugimoto C, 453 

Igarashi I: Loop-mediated isothermal amplification for detection of African 454 

trypanosomes. Journal of Clinical Microbiology 2003, 41: 5517-5524. 455 

12. Lumsden WH, Kimber CD, Evans DA, Doig S.J: Trypanosoma brucei: Miniature 456 

anion-exchange centrifugation technique for detection of low parasitemias: 457 

Adaptation for field use. Transaction of Royal Society in Tropical Medicine and 458 

Hygiene 1979, 73: 312-317. 459 

13. Matovu E, Kuepfer I, Boobo A, Kibona S, Burri C: Comparative Detection of 460 

Trypanosomal DNA by Loop Mediated Isothermal Amplification and PCR from 461 

FTA Cards Spotted with Patient Blood. Journal of Clinical Microbiology. 2011, 462 

10.1128/JCM.00101-10 463 

14. Matovu E, Enyaru JCK, Legros D, Schmidt C, Seebeck, T. Kaminsky R: 464 

Melarsoprol refractory T. b. gambiense from Omugo, North Western Uganda. 465 

Tropical Medicine and International Health 2001, 6: 407-411. 466 

15. Molyneux DH, Pentreath V, Doua F: In: Manson's Tropical Diseases. Edited by 467 

Cook GC: W.B. Saunders Company Ltd; London, 1996:1171-1196. 468 

UNDER PEER REVIEW



21 

 

16. Monis PT, Giglio S, Saint CP: Comparison of SYTO 9 and SYBR Green I for 469 

realtime polymerase chain and investigation of the effect of dye concentration on 470 

amplification and DNA melting curve analysis. Analytical Biochemistry 2005, 30: 471 

24-34.16 472 

17. Nagamine K, Hase I, Notomi K: Accelerated reaction by Loop-mediated 473 

isothermal amplification using loop primers. 2002; Molecular Cell probes. 16:223-474 

229. 475 

18. Ndung'u JM, Ngure RM, Ngotho JM, Sayer PD, Omuse, JK: Total protein and 476 

white cell changes in the cerebrospinal fluid of vervet monkeys infected with 477 

Trypanosoma rhodesiense and post-treatment reaction. Journal of Protozoology 478 

Research 1994, 4: 124–135.  479 

19. Njiru ZK, Mikosza ASJ, Armstrong T, Enyaru JC, Ndung'u JM, Thompson ARC: 480 

Loop-Mediated Isothermal Amplification (LAMP) Method for Rapid Detection of 481 

Trypanosoma brucei rhodesiense. Neglected Tropical Diseases 2008, 2(2). 482 

20. Njiru ZK, Mikosza ASJ, Matovu E, Ouma JO, Kibona SN, Thompson ARC, 483 

Ndung’u JM: African Trypanosomiasis: Sensitivity and rapid detection of sub-484 

genus Trypanozoon by Loop-mediated isothermal amplification (LAMP) of 485 

parasitic DNA. International Journal of parasitology 2007, 60: 175-182. 486 

21. Notomi T, Okayama H, Masubuchi H, Yonekawa T, Watanabe K, Amino N, Hase 487 

T: Loop-mediated isothermal amplification (LAMP) of DNA. Nucleic Acid 488 

Research 2000, 28. E63. 489 

22. Pepin J, Milord F. The treatment of human African trypanosomiasis. Advances in 490 

Parasitology 1994, 33: 1-47. 491 

23. Stephen, L. Trypanosomiasis. A veterinary perspective. New York. Pergamon press, 492 

1986:351-420  493 

24. Thekisoe OMM, Inoue N, Kuboki N, Tuntasuvan, D. Bunnoy W, Borisutsuwan S, 494 

Igarashi I, Sugimoto C: Evaluation of loop-mediated isothermal amplification 495 

UNDER PEER REVIEW



22 

 

(LAMP), PCR and parasitological tests for detection of Trypanosoma evansi in 496 

experimentally infected pigs. Veterinary Parasitology 2005, 130: 327–330. 497 

25. Thekisoe OM, Kuboki N, Nambota A, Fujisaki K, Sugimoto C, Igarashi I, Yasuda 498 

J, Inoue I: Species specific loop-mediated isothermal amplification (LAMP) for 499 

diagnosis of trypanosomiasisActa Tropical 2007:102: 182-189. 500 

26. Thekisoe OMM, Bazie RSB, Coronel-Servian AM, Sugimoto C,  kawazu S, Inoue 501 

N: Stability of Loop-Mediated Isothermal Amplification (LAMP) Reagents and its 502 

Amplification Efficiency on Crude Trypanosome DNA Templates.  Journal of 503 

Veterinary and Medical Sciences 2008:71(4): 471–475. 504 

27. Truc P: About Trypanosoma brucei gambiense, the causative agent of the chronic 505 

form of human African trypanosomiasis: some findings and proposal. African 506 

Journal of Biochemistry 2003: 2: 657-661. 507 

28. Truc P, Gibson W, Herder S: Genetic characterization of Trypanosoma evansi 508 

isolated from a patient in India. Infect Genetic Evolution 2006, 7:305-307. 509 

29. Van Meirvenne, N: Biological diagnosis of human African trypanosomiasis. In: 510 

Progress in Human African Trypanosomiasis, Sleeping Sickness. Edited by Dumas M, 511 

Bouteille B, Buguet A. Springer: Paris; 1999:235–252. 512 

30. WHO: A new form of human trypanosomiasis in India. Description of the first 513 

human case in the world caused by Trypanosoma evansi. Weekly Epidemiological 514 

Record 2005; 80: 62-63. 515 

31. Woo PT: The haematocrit centrifuge technique for the diagnosis of African 516 

trypanosomiasis. Acta Tropical. 1970; 27:384–386. 517 

32. WHO: Control and surveillance of African trypanosomiasis. Report of a WHO 518 

expert committee. World Health Organization, Geneva; Switzerland; Technical 519 

Report Series, 1998; 881.  520 

UNDER PEER REVIEW



23 

 

33. Thuita JK, Kagira JM, Mwangangi DM, Enock M, Turner CMR, Masiga DK: 521 

Trypanosoma brucei rhodesiense transmitted by a single tsetse fly bite in vervet 522 

monkey model of human African trypanosomiasis. Neglected Tropical diseases, 523 

2008: 2(5):e238. 524 

34. Stich A, Abel PM, Krishna S: Human African trypanosomiasis. British Medical 525 

Journal. 2002: 325: 203-206. 526 

35. Plowe CV, Djimde A, Bouare M, Doumbo O, Wellems TE: Pyrimethamine and 527 

proguanil resistance-conferring mutations in Plasmodium falciparum dihydrofolate 528 

reductase: polymerase chain reaction methods for surveillance in Africa. 529 

American Journal of Tropical Medicine and Hygiene 1995: 52: 565–568. 530 

36. Lejon V, Reiber H, Jannin J, Moore A, Büscher P:  the challenges of trypanosome 531 

brucei gambiense sleeping sickness diagnosis out side Africa. Lancent Infectious 532 

Diseases. 2003: 3, 804-808. 533 

UNDER PEER REVIEW




