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We analyzed DNA eluted from FTA (Flinders Technology Associates) cards spotted with blood from human
African trypanosomiasis (HAT) patients admitted at Lwala Hospital in eastern Uganda and Kaliua Health
Centre in northwestern Tanzania. The aims were to evaluate loop-mediated isothermal amplification (LAMP)
for detection of trypanosomal DNA in clinical samples and to characterize the infecting trypanosomes to the
subspecies level. LAMP targeting the Trypanozoon conserved random inserted mobile element (RIME-LAMP)
and that for the serum resistance-associated (SRA) gene (SRA-LAMP) were performed. For comparison, PCRs
for the SRA gene specific for Trypanosoma brucei rhodesiense (SRA-PCR) and that to amplify the Trypanosoma
brucei gambiense-specific surface glycoprotein (TgSGP-PCR) were done. Out of 128 samples analyzed, SRA-
PCR was positive in 101 samples (78.9% sensitivity; 95% confidence interval [CI], 71.1 to 85.1%), SRA-LAMP
was positive in 120 (93.8%; 95% CI, 88.2 to 96.8%), while RIME-LAMP revealed signals in 122 (95.3%; 95% CI,
90.2 to 97.8%). RIME-LAMP and SRA-LAMP were each significantly more sensitive than SRA-PCR (P values
of 0.000 and 0.001, respectively; Fisher’s exact test). There was poor agreement between RIME-LAMP and
SRA-LAMP and the SRA-PCR, yielding kappa values of 0.31 and 0.40, respectively. Agreement between
SRA-LAMP and RIME-LAMP was almost perfect (kappa value, 0.85; 95% CI, 0.64 to 1). All the 128 field
samples were negative by TgSGP-PCR. Blood spots from three T. b. gambiense HAT cases from northwestern
Uganda were positive by TgSGP-PCR and RIME-LAMP. PCR took five times longer to execute than LAMP.
LAMP may be useful to monitor emerging HAT foci or to test travelers returning from countries where HAT
is endemic. It should be evaluated in a case-control study to determine its utility as a HAT diagnostic.

Effective control of human African trypanosomiasis (HAT)
is still hampered by unsatisfactory diagnostics and limited op-
tions for chemotherapeutic intervention. Diagnosis relies on
demonstration of trypanosomes in blood, lymph, or cerebro-
spinal fluid by time-consuming, tedious, and complicated tech-
niques of low sensitivity. Within health units, it is still not
possible to distinguish between infections with Trypanosoma
brucei rhodesiense (the acute form of eastern and southern
Africa) and Trypanosoma brucei gambiense (the chronic form
of central and western Africa). Thus, other parameters, mainly
geographical locations of the patients, case histories, and clin-
ical presentations, are used to determine the most-probable
subspecies in question. This becomes problematic in areas
close to borders between traditional ranges of the two diseases
and also where new, nonhistorical foci emerge (5, 13). In
Uganda, both T. b. rhodesiense HAT and T. b. gambiense HAT
are reported in hitherto well-distinct foci in the eastern and
northwestern parts, respectively, although the former contin-
ues to spread northwards (13). It is therefore increasingly im-
portant to monitor the epidemiology of trypanosomes in pa-
tients, the vector, and animal reservoirs, especially in new

outbreak areas, in order to institute appropriate control mea-
sures.

Molecular tools have greatly facilitated unequivocal identi-
fication of human infective trypanosomes to the subspecies
level. These are PCR based, targeting the serum resistance-
associated (SRA) gene that is specific for T. b. rhodesiense (4,
6, 14) or the T. b. gambiense surface glycoprotein (TgSGP) that
is specific for that subspecies (2, 15). The need for specialized
equipment and a constant supply of electricity has hindered
integration of those techniques into the diagnostic algorithm.
Yet the type of infection directs the choice of treatment: for
instance, late-stage T. b. rhodesiense infection cannot be
treated with eflornithine due to innate resistance (7), but this
drug is increasingly used against T. b. gambiense as a result of
high numbers of melarsoprol treatment failures reported in
some foci. When new HAT foci emerge, as is presently the case
in Uganda, it is important to have highly sensitive, field-appli-
cable tests to easily diagnose cases and to identify the infecting
subspecies. Novel tests such as the PCR or nucleic acid se-
quence-based amplification assay (NASBA) coupled to oligo-
chromatography (3, 10) have been devised and are ready for
clinical evaluation. These tests amplify 18S ribosomal DNA or
RNA, respectively, and as such cannot be used to distinguish
between the two HAT types. Recently, loop-mediated isother-
mal amplification of DNA (LAMP) has been used for detec-
tion of members of the Trypanozoon subgenus as well as T. b.
rhodesiense (11, 12) subsequent to earlier studies targeting
various trypanosomal genes (8, 16). The reportedly high sen-
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sitivity, coupled with no need for specialized equipment, in-
creases the likelihood of its adoption in resource-poor health
centers where HAT is endemic. In this study, we aimed to
evaluate LAMP for detection of trypanosomal DNA from
Flinders Technology Associates (FTA) cards spotted with pa-
tient blood and to characterize the infecting trypanosomes to
the subspecies level.

MATERIALS AND METHODS

Origin of patient blood spotted on FTA cards. The samples were obtained
from the Impamel III program (Improved Application of Melarsoprol) at Lwala
Hospital, Kaberamaido District, in southeastern Uganda and from the Kaliua
Health Centre, Urambo District, in northwestern Tanzania. Lwala Hospital is
located in an area more than 100 km outside the historic T. b. rhodesiense foci
(Busoga and Tororo). Kaliua Health Centre, a missionary hospital established in
1997, is located within the major area of northwestern Tanzania where sleeping
sickness is endemic. A total of 128 samples (59 from Uganda and 69 from
Tanzania) collected over a 2-year period, August 2006 to August 2008, were
analyzed in this study.

Other samples included for reference. Blood from three T. b. gambiense
patients from Omugo, northwest Uganda, spotted on FTA cards (200 �l per
spot) was also included. In addition, 200 �l (from suspensions of 1,000 trypano-
somes/ml) of the following was spotted on FTA cards: cultured T. b. gambiense
(Eliane), mouse blood spiked with T. b. brucei (GVR35), and human blood
spiked with T. b. rhodesiense (UGA015).

Ethical considerations. The Impamel III program received ethical clearance
from the Ministry of Health, Uganda, the National Institute for Medical Re-
search, Tanzania, and from Switzerland (Ethics Committees of both Cantons of
Basel). These clearances refer to the entire Impamel III program, one of whose
objectives was to collect blood samples for identification of infecting trypano-
some subspecies that is here reported. The samples were collected after written
informed consent was obtained from participants in the presence of independent
witnesses.

Sample collection and DNA preparation. Blood samples were collected on
FTA cards (Whatman) by making 4 spots using the blood remaining after
diagnostic procedures; only 1 such spot per patient was availed for this study.
About 200 �l was applied on each spot, and the coded cards were allowed to air
dry and then were enclosed in self-sealing bags containing silica and transported
to the laboratory for storage at 4°C. They remained in storage for up to 1 year
before DNA preparation for the tests. A 2.0-mm disc was punched from a dried
blood spot using a Harris micropunch tool (Whatman) and processed with FTA
purification reagent by following standard procedures. Briefly, each disc was
washed three times (5 min each) with 200 �l of the reagent. It was then rinsed
twice with Tris-EDTA (TE) buffer (5 min each) and allowed to air dry. From
each card/patient, five such discs were prepared and finally pooled in a single
tube per patient after being dried. The DNA was then eluted from the discs by
incubating them in 100 �l of a 5% Chelex suspension at 90°C for 30 min (1).
After a pulse spin at 13,000 � g, the eluted DNA was pipetted off and used
immediately or stored at �20°C for use within 3 days of its preparation. In all
subsequent amplifications, 4 �l of the DNA solution was added as the template.

PCR for the SRA and TgSGP genes. A nested PCR for the SRA gene was
carried out as described by Maina et al. (9) with the primers SRA-outer-s and
SRA-outer-as and 4 �l of eluted DNA in a 25-�l reaction mixture using the PCR
Master Mix (Abgene, United Kingdom). For the second PCR, 3 �l of the first
product was included as the template in the reaction mixture with the primers
SRA-inner-s and SRA-inner-as. Nested PCR for the T. b. gambiense-specific
gene was also performed as described by Maina et al. (9) with the primers
TgSGP-outer-s and TbsGP-outer-as as well as TbsGP-s and TgSGP-as. Initial
denaturation was at 94°C for 5 min and was followed by 35 cycles of 94°C
denaturation, 60°C annealing, and 72°C extension, each for 1 min. Final exten-
sion was at 72°C for 5 min. PCR products were loaded on 2% agarose gels
stained with ethidium bromide.

LAMP of the SRA gene (SRA-LAMP) and the random insertion mobile ele-
ment (RIME-LAMP). For SRA-LAMP, we made use of primers recently de-
scribed by Njiru et al. (11), namely, SRA-F3, SRA-B3, SRA-FIP, SRA-BIP,
SRA-LF, and SRA-LB. The total reaction volume was 25 �l, into which the
above-mentioned primers were added to final concentrations of 0.2 �M for F3
and B3, 2 �M for the forward inner primer (FIP) and the backward inner primer
(BIP), and 0.8 �M for the forward loop (LF) and the backward loop (LB). In
addition, 200 �M deoxynucleoside triphosphates (dNTPs), 0.8 M betaine, and 8
U of Bst polymerase (large fragment; New England Biolabs) were added to the
mix containing 1� reaction buffer supplied with the enzyme. To this, 4 �l of
DNA eluted from the FTA cards was added to achieve a 25-�l total reaction
volume. The reaction mixture was incubated for 1 h at 62°C, followed by inac-
tivation of the Bst polymerase at 80°C for 4 min. Two microliters of a 1/20
dilution of SYBR green in water was then added, and the tube was gently
agitated while it was observed for color change.

Similar conditions and reagent concentrations were applied to RIME-LAMP
using the primers described by Njiru et al. (12).

Data scoring and analysis. For all tests performed in this study, each sample
was analyzed twice. In the case of discrepancies, the test in question was repeated
a third time, the results of which were considered final. Sensitivities for each test
were determined as percentages with 95% confidence intervals (CI). Comparison
of the sensitivities was by Fisher’s exact test. Kappa values and concordance were
also determined.

RESULTS

A total of 128 samples (59 from Lwala, Uganda, and 69 from
Kaliua, Tanzania) were analyzed. Signals could be obtained
from PCR only after nesting with products of the first-round
amplification. Even then, TgSGP-PCR was positive only for
the laboratory strain (Eliane) and the three confirmed T. b.
gambiense patients from Omugo (Fig. 1.) but yielded no signal
from any of the DNAs eluted from FTA cards from Lwala and
Kaliua. There were three cases of discrepancy: samples 11012

FIG. 1. Representative gels to show signals obtained for SRA- and
TgSGP-PCRs from corresponding templates. No TgSGP signal was
obtained from any of the FTA cards spotted with patient blood from
Lwala or Kaliua. Lanes: M, 0.2-kb to 10-kb Smart ladder; M’, 100-bp
ladder (NEB); 1 to 4, samples from patients at Kaliua (11001, 11006,
11012 and 1106); 5 to 7, samples from T. b. gambiense patients from
Omugo (OM187, OM197 and OM203); 8 to 10, laboratory strains
GVR35 (T. b. brucei), UGA015 (T. b. rhodesiense), and Eliane (T. b.
gambiense), respectively; 11, negative control (where water was added
in place of the template).

TABLE 1. Samples for which either the SRA-PCR, SRA-LAMP or
RIME-LAMP were negativea

Sample site
or strain

No. of samples positive by
indicated test/total no. of samples

Stained
smear SRA-PCR SRA-LAMP RIME-LAMP

Kaliua 25/25 5/25 22/25 23/25
Lwala 9/10 3/10 5/10 6/10
Omugo controls ND* 0/3 0/3 3/3
T. b. rhodesiense lab

strain
NA 1/1 1/1 1/1

T. b. brucei lab strain NA 0/1 0/1 1/1
T. b. gambiense lab

strain
NA 0/1 0/1 1/1

a Trypanosomes were demonstrated by stained smears in all samples except
sample 12008 from Lwala, indicating the presence of DNAs that should have
been detected by molecular methods. Only 93 samples had positive results for
each of the three tests. All patient samples were negative by TgSGP-PCR, except
the three from Omugo, northwestern Uganda. NA, not applicable; ND, not
done. An asterisk indicates samples that were positive by the hematocrit centrif-
ugation technique described by Woo et al. (17) routinely used at Omugo Health
Center.
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and 12020 were positive by SRA-LAMP in the first run, were
negative upon second testing, but turned out positive on the
third attempt. On the other hand, sample 12025, which had
been negative by SRA-PCR in the first run, was positive in the
second and third runs.

Overall, SRA-PCR was positive in 101/128 samples (78.9%;
95% CI, 71.1to 85.1%) but was less sensitive for samples from
Tanzania (49/69; 71.0%, CI, 59.4 to 80.4%) than for Ugandan
samples (52/59 [88.1%]; CI, 77.5 to 94.1%). The difference was
significant (P � 0.029) and could not be attributed to the
absence of parasites. For all cases, other than one from
Uganda, trypanosomes had been previously demonstrated in
stained smears during routine diagnosis (Table 1), indicating
the presence of potentially detectable DNA within the sam-
ples. SRA-LAMP, on the other hand, was positive in 120/128
samples (93.8%; CI, 88.2 to 96.8%). SRA-LAMP was positive
for 66/69 samples from Tanzania (95.7%; CI, 88.0 to 98.5%)
and 54/59 of the Ugandan samples (91.5%; CI, 81.7 to 96.3%).
RIME-LAMP detected the highest number of cases, 122/128,
giving a sensitivity of 95.3% (95% CI, 90.2 to 97.8%), missing
two samples from Tanzania and four from Uganda. In a com-
parison of the overall results of RIME-LAMP and SRA-PCR
(Fisher’s exact test), the former was significantly more sensitive
(P � 0.000). The concordance was 83.6%, with a kappa value
of 0.31 (95% CI, 0.02 to 0.51), indicating poor agreement
(Table 2). Similarly, the difference in sensitivities of SRA-PCR
(78.9%) and SRA-LAMP (93.8%) was highly significant (P �
0.001); the concordance was 85.2% and the kappa value was
0.40 (0.20 to 0.60), again indicating poor agreement. On the
other hand, the difference between the sensitivities of the
SRA-LAMP and RIME-LAMP was insignificant (P � 0.785);

the concordance was 98.4%, and the kappa value was 0.85
(0.64 to 1), indicating almost perfect agreement. This means
that either LAMP test can be reliably used to detect HAT due
to T. b. rhodesiense.

For all four methods used, no amplification was possible in
three of the samples from Uganda (Lwala), although trypano-
somes had been demonstrated in corresponding stained
smears. Amplification results were consistent with those ex-
pected from the control/reference samples: SRA-PCR and
both LAMPs gave positive results for the laboratory T. b.
rhodesiense strain (UGA015), while RIME-LAMP but not
SRA-PCR or SRA-LAMP gave positive results for the T. b.
brucei strain (GVR35), Eliane (a T. b. gambiense laboratory
strain), and the three T. b. gambiense cases from Omugo (Table
1; Fig. 2 shows representative LAMP reactions).

DISCUSSION

Differential diagnosis of infections with Trypanosoma brucei
rhodesiense (the acute form in eastern and southern Africa)
and T. b. gambiense (the chronic form in central and western
Africa) has never been so important, since previously each was
confined to geographically defined and distinct foci. The emer-
gence of nonhistorical foci and the ever-reducing gap between
the traditional ranges of the two forms of HAT renders sub-
species identification an important step in control, since the
two diseases have different diagnostic and treatment algo-
rithms. Lwala Hospital caters to the new outbreak areas
stretching as far north as Lira District, where a T. b. rhodesiense
was isolated within 150 km of known T. b. gambiense foci (13).
In this study, we have not encountered any T. b. gambiense

TABLE 2. Comparison of the three tests for detection of trypanosomal DNA in patients from Lwala Hospital and Kaliua Health Centre

Assays compared Concordance (%) Kappa value (95% CI) Level of agreement Difference in
sensitivities (P value)

SRA-PCR and SRA-LAMP 85.20 0.40 (0.20–0.60) Poor Highly Significant (0.001)
SRA-PCR and RIME-LAMP 83.60 0.31 (0.02–0.51) Poor Highly Significant (0.000)
SRA-LAMP and RIME-LAMP 98.40 0.85 (0.64–1) Almost perfect Insignificant (0.785)

FIG. 2. Representative RIME-LAMP reactions from selected patient samples. Templates in tubes 1 to 18 are samples from Tanzania, while
tubes 19 to 38 contain samples from Uganda. Tube 39 contains the laboratory T. b. rhodesiense strain (UGA015), tube 40 contains the laboratory
T. b. brucei strain (GVR35), and tubes 41 and 42 are negative controls in which 4 �l water was added as the template.
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organisms in samples collected at the two centers up to August
2008, when the last samples here tested were collected, as
determined by subspecies-specific PCRs.

In this study, nested PCR was necessary to amplify the sin-
gle-copy gene targets of the subspecific PCRs, rendering it
more time-consuming (at least 5 h to perform both PCRs),
compared to only 1 h required for the LAMP method. The
overall sensitivity of SRA-PCR (78.9%) was unexpectedly low,
given that trypanosomes had been demonstrated in most sam-
ples at diagnosis. This low sensitivity could have resulted from
a decrease in DNA quality during storage, as up to 1 year
elapsed between sampling and execution of the tests. The ob-
served low sensitivity could also have resulted from the pres-
ence of inhibitory molecules of host origin in the DNA eluted
from the FTA cards. Due to the need for sophisticated labo-
ratories, it is unlikely that PCR-based methods will in the near
future be integrated into routine point-of-care diagnosis, al-
though they remain invaluable for epidemiological studies.

The higher sensitivity of LAMP observed in this study (com-
pared to PCR-based methods) is worthy of note, especially
given that it was obtained with samples whose collection does
not require cold storage. Furthermore, the high level of con-
cordance (98.4%) and agreement (kappa value, 0.85; 95% CI,
0.64 to 1) between SRA-LAMP and RIME-LAMP provide the
possibility that either test could be used to reliably diagnose
HAT due to T. b. rhodesiense. The major advantages of LAMP
were the need for just a single reaction to obtain results within
1 h of initiation by adding SYBR green (11, 12). LAMP there-
fore has great potential application in resource-poor settings
with basic facilities, since it can be done in a water bath,
eliminating the need for a thermocycler. Given the ease of its
execution, LAMP could be used to monitor for emerging HAT
foci or to test blood from travelers returning from countries
where the disease is endemic. What would be required is the
reduction of the numerous manipulations involved in making
reaction mixtures by the provision of kits in which all reactants
(preferably lyophilized) are included. In this way, personnel at
the diagnostic center would need only to add the reaction
buffer and patient sample before starting the reaction, thereby
minimizing the potential for contamination. Nevertheless, our
results warrant larger case-control studies to generate in par-
ticular more data on sensitivity and specificity of LAMP in
areas where the disease is endemic.

It must be borne in mind, however, that even in the presence
of molecular diagnostics of undeniable sensitivity, the defini-
tion of a HAT case will continue to be based on the demon-
stration of trypanosomes in blood, lymph node aspirates, or
cerebrospinal fluids. The molecular methods will nevertheless
go a long way in detecting aparasitemic cases on whom extra
effort should be made by health personnel to search for try-
panosomes before treatment recommendations can be made.
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