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Abstract
Human African trypanosomiasis (HAT) affects up to half a million people
every year in sub-Saharan Africa. Interruption of transmission of the disease
by early diagnosis and treatment is core to the control and eventual elimination of HAT. The routine diagnostic method for HAT is light microscopy of
blood samples. The present study sought to evaluate the potential of TbgI2
and TbgI17 tandem repeat antigens as candidates for the diagnosis of Trypanosoma brucei rhodesiense. The expressed proteins were purified and the antigenic reactivity evaluation was done using multiplex assay using sera obtained from HAT patients. Receiver operating characteristic analysis showed
that recombinant antigen, TbgI2 had high sensitivity for sera from patients
infected with T. b. rhodesiense with the area under the curve being 0.577 and
a sensitivity of 0.641 and specificity 0.650. The results suggest that TbgI2 is a
potential biomarker for T. b. rhodesiense HAT serodiagnostic tests.
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1. Introduction
Human African trypanosomiasis (HAT) is a vector born disease caused by
flagellated protozoa of the genus Trypanosoma which is transmitted to humans through the bite of a tsetse fly [1] [2]. The disease exists in two forms: a
chronic form of HAT caused by Trypanosoma brucei gambiense (Tbg), predominantly found in the Central and West Africa and the acute form of HAT
caused by Trypanosoma brucei rhodesiense (Tbr) which is present in East and
Southern Africa. The reservoir host for Tbg is the human while Tbr is a
zoonosis [3]. The symptoms are exhibited in two stages: the early haemolymphatic stage where the trypanosomes are in blood, lymph and other tissues
which is characterized by non-specific features such as chancre, fever, headache, lymphadenopathy and the late encephalitic stage where the trypanosomes cross the blood brain barrier and invade the central nervous system
(CNS) causing neuropsychiatric disorders and sleep disorders which leads ultimately to death if untreated [4] [5] [6] [7].
Sustained prevention and control efforts for HAT lead to a significant decrease in the population affected in sub-Saharan Africa (SSA) from 70 million in
1995 to 3000 cases by 2015. Nevertheless, the disease remains a health burden in
SSA, especially in central Africa. The World Health Organization (WHO) has
targeted the elimination of sleeping sickness as a public health problem by the
year 2020 and the interruption of transmission to humans by the year 2030. For
this to be achieved, there is a need for robust diagnostic tools for both Tbg and

Tbr [3] [6] [8].
Diagnosis of HAT is not done routinely even in known endemic areas. Parasite detection by microscopy is the first line of diagnosis. Other methods also
used include lymph node examination, mini anion exchange centrifugation
technique (mAECT), capillary tube centrifugation (CTC), molecular methods
such as polymerase chain reaction (PCR), and nucleic acid sequence-based amplification (NASBA). Serological methods such as card agglutination trypanosomiasis test (CATT), rapid diagnostic tests (RDTs), enzyme-linked immunosorbent assay (ELISA) is also used. CATT is widely used for active serological
screening of Tbg. The reported sensitivity of the CATT on filter paper ranges
from 91% to 92.7% while specificity varies from 93.7% to 100% [9] [10] [11]
[12]. Nonetheless, CATT has challenges of under diagnosis since it relies on the
variable surface glycoproteins (VSG) LiTat 1.3 which are often switched off by
the parasite to evade the host immune system by the antigenic variation process
[2] [13] [14]. Furthermore, it presents a high incidence of false positives, which
makes it particularly problematic in regions where the prevalence is low. There
is still no equivalent test to the CATT widely available for the screening of Tbr
HAT; hence, the screening for Tbr infection relies on clinical features due to a
lack of serological tests. This can lead to the underestimation of its burden due
to similarity of symptoms with other infections [8] [15]. Thus, there is a need for
robust diagnostic markers, which can capture low transmission accurately and
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effectively. It is known that Trypanosoma brucei subspecies possess genes encoding proteins with large tandem repeat (TR) domains as do other trypanosomatid and that they are potent B cell antigens. Two of these antigens I2 and I17
have been characterized at the molecular level and have been shown to allow a
sensitive and specific detection of infections with different species of trypanosomatids, and then could be diagnostically useful [16] [17]. Therefore, in this
study, we evaluated the specificity and sensitivity of two invariable TR intracellular antigens, which were recombinantly produced, namely TbgI2 and TbgI17
against Rhodesiense, and Gambiense HAT sera with a focus on Tbr infections
on a bead-based platform.

2. Materials and Methods
2.1. Antigens Expression and Purification
The antigens in pET52b expression vector were transformed in ECOS-BL21
(DE3) (Code#312-06534, Invitrogen, Carlsbad, USA) competent cells and grown
in 10 ml LB-carbenicillin overnight at 37˚C shaking at 230 rpm. After overnight
growth, they were transferred in 500 ml of LB containing 100 ug/mL and left for
shaking at 37˚C at 230 rpm in the incubator shaker (INNOVA 42) for two hours.
Expression was induced by 100 mM (Isopropyl β-D-1-thiogalactopyranoside)
(Lot#CTJ1296, Thermoscientific, Inc.) for one hour. The culture was then centrifuged at 3000 × g for 20 min at 20˚C.
After centrifugation, the pellet was suspended in 10 mL Bugbuster (Cat
#70921-50ML, Novagen, USA) containing 1 ul Benzonase and 1 uL rlysozyme
(catalog number#7110-1200KU, Novagen, USA). TbgI2 and TbgI17 expressed
proteins were purified by Immobilized Metal Affinity Chromatography (IMAC)
which was performed by TALON-Accept resin (Code#635503, Takara Bio, Inc,
Japan). The expressed and purified proteins were separated on a 10% gel in onedimensional sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
followed by Western blotting and Coomassie Brilliant Blue (CBB) staining. For
Western blotting, the proteins were trans-blotted onto a polyvinylidene difluoride (PVDF) membrane in a Bio-Rad Trans Blot system. For detection, the
antigens were incubated with anti-His Tag HRP-Direct (MBL, D291-7) diluted
1:10,000 for 30 min at room temperature.
The PVDF membrane was washed five times, 10 min each in 100 ml at room
temperature. The blot was then incubated in chemiluminescence (ECL)
(Lot#9659209, GE Healthcare UK Limited) for five minutes at room temperature. For CBB, the gel was stained in Coommassie Brilliant Blue (40% Methanol,
10% Acetic Acid, 0.25% (w/v) CBB-R250) for protein purity visualization and
gently shaken for two hours, prior to the gel destaining overnight in destaining
solution containing 10% Methanol, 7.5% Acetic Acid in water.
The image was captured in LAS500 while the protein concentrations of the
purified antigens were determined using the Pierce BCA protein assay kit
(Thermo Scientific, USA).
DOI: 10.4236/ojcd.2019.94011
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2.2. Proteins Coupling
Prior to antigen coupling, dialysis of each antigen was performed in Phosphate
Buffered Saline PBS (−). Coupling was done using Magplex microspheres (Luminex Corporation, Austin, TX, USA). The beads were processed in activation
buffer (0.1 M NaH2PO4, pH 6.2) then in EDC (1-ethyl-3-[3-dimethylaminopropyl]
carbodiimide hydrochloride and in Sulfo-NHS ((N-hydroxysulfosuccinimide)
(Lot #OI190847, Thermoscientific, Rockford, USA) in order to activate the carboxyl -modified microspheres.
Protein coupling was performed as follows: 50 mM MES 2-(N-morpholino)
ethanesulfonic acid, pH 5.0), was used as the coupling buffer. The beads were
washed two times using PBS-TBN (0.1% bovine serum albumin, 0.05% Tween
20, 0.05% sodium azide in PBS (−), pH 7.5) while bringing the beads concentration at 1000 beads/uL. To count the beads, a light microscope (Olympus) was
used at ×10 objective lens.

2.3. Coupling Confirmation
To determine the coupling effectiveness, a coupling efficiency assay was performed. Briefly, 100 µL of beads were dispensed in each well followed by 100 µL
of the first antibody [anti-His-tag mouse monoclonal antibody (Code#D291-7,
MBL International Corporation)] diluted 1:1000 in staining buffer was added.
The plate was sealed and covered by aluminium foil to prevent direct sunlight
and shook on a Heidolph Titrama ×100 shaker at 750 rpm for 30 min for binding and washed by program BIOPLEX-MAG1. Subsequently, 100 uL of the second antibody [phycoerythrin-conjugated anti-mouse IgG (Code#710-1822,
Rockland Inc)] diluted × 250 was added and the second binding reaction performed at 750 rpm for 30 min at room temperature. After washing, the beads
were suspended in 125 µL of wash buffer and shook at 750 rpm for 5 min on the
shaker. Finally, the assay was carried out with “normal sensitivity mode” on the
Bio-Plex 200 system (Bio-Rad).

2.4. Antigens Reactivity Assessment Using Multiplex Assay
For simultaneous detection, two microliters (µL) of HAT sera diluted 1:50 in
staining buffer (PBS-TBN: [0.1% Bovine Serum albumin (BSA), 0.05% Tween
20, 0.05% sodium azide in PBS (−)] was added in each well and then the coupled
antigens added at 100 µL/well into the 96 well plate; the plate was covered with
aluminium foil to prevent direct light and shook at 750 rpm for 30 min at room
temperature. The plate was washed 3 times using the BioTek EL × 405 microplate washer. A total of 100 ul of detection antibody [Bethyl Human IgG-Fc
Fragment (Goat), Code #A80-248PE, Bethyl Laboratories, Inc., Montgomery,
TX, USA] diluted 1:250 in staining buffer was added in each well and the plate
shaken at 750 rpm for 30 min in a Heidolph Titrama × 100 shaker. The Bio-Plex
200 system (Luminex Corporation, Austin, TX, USA) was used to measure the
beads fluorescence.
DOI: 10.4236/ojcd.2019.94011
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2.5. Statistical Analysis
Box Plots were generated to describe samples’ variability in antigens reactivity.
To assess the antigens reactivity, sensitivity and specificity, the area under the
curve (AUC) was generated using the Receiver Operating Characteristics (ROC)
to illustrate the diagnostic ability and the accuracy of the TbgI2 and TbgI17 recombinant antigens. Box plots and ROC were obtained using XLSTAT 2019
(Addinsoft).

2.6. Human Samples
Antigen reactivity was evaluated using 119 human sera provided by the WHO
Specimen Biobank. The samples consisted of 20 negative sera and 40 positive
sera for Tbg; 20 negative sera and 39 positive sera for Tbr.

2.7. Ethics
Ethical approval was obtained from the Jomo Kenyatta University of Agriculture
and Technology, Institutional Ethics Review Committee under REF: JKU/2/4/896B.

3. Results
3.1. Recombinant Antigen Expression and Purification
TbgI2 and TbgI17 antigens were cloned in pET52 vector and expressed in ECOSBL21 (DE3) (Code#312-06534, Invitrogen, Carlsbad, USA).
The density was measured for TbgI2 and TbgI17 as shown in Table 1.
Western Blot was performed and its analysis confirmed that the TbgI2 and
TbgI17 recombinant antigens were effectively produced while the Coomassie
Brilliant Blue analysis showed that all the two recombinant antigens were of
good purity (Figure 1 & Figure 2).
Following protein expression and purification confirmation, protein quantification was performed by Pierce BCA (Bincinchoninic Acid) Protein Assay kit
(Thermo scientific) as shown in Table 2.
Table 1. Antigens density measured before and after Isopropyl β-D-1-thiogalactopyranoside
(IPTG) induction.
Antigens

Before IPTG

After IPTG

TbgI2

3.36

4.73

TbgI17

3.84

5.39

Table 2. Concentration of the TbgI2 and TbgI17 recombinant antigens obtained by Pierce
bicinchoninic acid (BCA) Protein Assay kit based on BCA for the colorimetric detection.

DOI: 10.4236/ojcd.2019.94011

Antigens

Concentration (mg/ml)

TbgI2

1.299

TbgI17

0.517
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Figure 1. Western Blot Analysis in 10% SDS-PAGE of the TbgI2 and TbgI17 recombinant
antigens; M: Precision Marker (KDa); 1: TbgI2 before IPTG; 2: TbgI2 after IPTG; 3: TbgI2
soluble; 4: TbgI2 His FT (His Flow Through); 5: TbgI2 His-Elute; 6: TbgI17 before IPTG; 7:
TbgI17 after IPTG; 8: TbgI17 soluble; 9: TbgI17 FT, 10: TbgI17 His-Elute.

Figure 2. Gel stained in CBB; M: Precision Marker (KDa); 1: TbgI2 before IPTG; 2: TbgI2
after IPTG; 3: TbgI2 soluble; 4: TbgI2 His FT (His Flow Through); 5: TbgI2 His-Elute; 6:
TbgI17 before IPTG; 7: TbgI17 after IPTG; 8: TbgI17 soluble; 9: TbgI17FT, 10: TbgI17 His-Elute.

3.2. Coupling Efficiency
Subsequently, the recombinant proteins were coupled to Magplex magnetic
beads. Figure 3 illustrates the average of the different median fluorescence intensity (MFI) values generated during coupling confirmation.

3.3. Antigen Reactivity
For Tbg, the data generated (Figure 4) demonstrated a high MFI in both the
negative and the positive sera of the TbgI2 and TbgI17 antigens. For Tbr, TbgI2
exhibited a high reactivity of the antigen with Rhodesiense HAT positive sera
and low reactivity with negative while TbgI17 highly reacted with all the sera.
For Tbg, TbgI2 exhibited an AUC of 0.312 while TbgI17 an AUC of 0.272. For
Tbr, TbgI2 and TbgI17 exhibited AUCs of 0.588 and 0.645 respectively (Figure 5
and Table 3).
DOI: 10.4236/ojcd.2019.94011
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Figure 3. Coupling confirmation of the TbgI2 and TbgI17 recombinant antigens coupled to Magplex beads by anti poly-histidine
tag antibody in a multiplex format. The median fluorescence intensity (MFI) values are described on the Y axis while the types of
antigens are indicated on the X axis.

Figure 4. Boxplots showing the level of the fluorescence of the coupled TbgI2 and TbgI17 recombinant antigens tested with negative control Gambiense HAT sera (Cg); Positive Gambiense HAT sera (Pg); Negative control Rhodesiense HAT sera (Cr) and
positive Rhodesiense HAT sera (Pr). The red crosses represent the means while the central horizontal bars correspond to the medians. The lower and upper limits of the box represent the 1st and 3rd quartiles while the whiskers are the values between the 1st and
3rd quartiles and the minimum and maximum values respectively. The points above or below the whiskers’ upper and lower
bounds indicate outliers.
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Figure 5. Receiver operating Curves (ROC) graphs obtained with the recombinantly produced TbgI2 and TbgI17 antigens. Data are
plotted as cumulative sensitivity (true positive rate) versus specificity (false positive rate). The greater the area under the ROC
curve, the greater the accuracy of the test.
Table 3. Sensitivity and specificity of the TbgI2 and TbgI17 recombinant antigens against
20 negative and 40 positive gambiense HAT sera, 20 negative and 39 positive Rhodesiense
HAT sera at 95% confidence intervals.
Antigens
TbgI2

TbgI17

Infections

Sensitivity

Specificity

T. b. gambiense

0.050

1.00

T. b. rhodesiense

0.658

0.650

T. b. gambiense

0.000

0.100

T. b. rhodesiense

0.474

0.850

4. Discussion
In this study, we report the evaluation of the potential of invariable cytoskeleton
flagellar antigens, TbgI2 and TbgI17, in the diagnosis of Tbr.
Following antigens coupling, the diagnosis capacity of the TbgI2 and TbgI17
antigens was evaluated in a multiplex platform. In this study, the multiplex platform allowed to evaluate the TbgI2 and TbgI17 antigens simultaneously using a
small amount of HAT sera (two microlitres) within a short time. These observations are in agreement with previous studies, where several antigens were evaluated against several infectious diseases using the simultaneous bead-based technology and highlighted several advantages of this technology in antigen evaluation such as rapidity, reproducibility, simultaneous detection and less amount of
samples aligned with cost-effectiveness [18] [19] [20].
The data generated suggested that Gambiense HAT negative control sera
highly reacted with the TbgI2 and TbgI17 TR recombinant antigens, which demonstrate a low specificity of the two antigens against Tbg infections.
For Tbr, some control sera also reacted. This non-specific reaction to Tbr
could be explained by several other reasons: 1) a non-specific activation of B
lymphocytes leading to nonspecific binding, which has been already reported to
occur during trypanosomal infections [21]; 2) cross reactivity or 3) might indiDOI: 10.4236/ojcd.2019.94011
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cate anterior exposure to non-infective trypanosomes [15] or 4) previous infection with Tbr.
Furthermore, the two antigens showed a low capacity to detect Tbg infections,
both of them exhibited a poor-AUC with poor sensitivity and specificity. This
finding is in agreement with another study where TbgI2 and TbgI17 recombinant
proteins were used to detect antibodies in sera from mice infected with Gambiense HAT but did not highly detect the antibodies [22].
Our results showed that TbgI2 exhibited a better sensitivity and a considerable
specificity while TbgI17 despite a good specificity, exhibited a low sensitivity for
sera from Tbr patients. Therefore, TbgI2 could be more diagnostically useful in

Tbr infections than TbgI17. This is in contrast with what was previously described by another study where TbgI2 and TbgI17 were both considered to allow
early sensitive and specific detection with various Trypanosomatids species [16].
Finding biomarkers for Rhodesiense HAT has been challenging. Our data gives
light for further research on TbgI2 invariable tandem repeat intracellular antigen
and its potential application in Rhodesiense HAT diagnosis. These findings are
in agreement with previous studies where the results indicated that the African
trypanosomes present certain invariant molecules which could be immunogenic
[23].
Evaluating the 2 antigens in another assay should be considered for comparison purposes. Also, the evaluation of these antigens with a larger number of
samples, with the different stages of the disease represented, should be considered in order to evaluate whether the antigens can be used to diagnose HAT
staging. Finally, cross reactivity of these antigens with other parasitic diseases
such as malaria and filariasis which has been already reported to occur in the
CATT screening test should be further investigated [24].

5. Conclusions
Using a multiplex format, we were able to assess the potential immunoreactivity
of two repetitive proteins from the flagellar cytoskeleton of African Trypanosomes, recombinantly produced, namely TbgI2 and TbgI17 against Tbr infections.
The data showed that TbgI2 was better than TbgI17 and could be considered as
the first attempt to develop a reasonable diagnostic tool for East African Trypanosomiasis, which lacks a serological test.
Improvement of this study should be done since it was limited by the number
of stage 1 Rhodesiense HAT sera and the low reactivity of the antigens to human
sera.
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