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Prevalence of Trypanosoma brucei brucei and Potential In Vitro
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Abstract | In the pastoral zone of Gaongho in Burkina Faso, the main disease of ruminants is the African Animal
Trypanosomiasis (AAT) which is very often controlled by herders with the aqueous extracts of five plants whose
present study proposes to evaluate the potential trypanocidal activities. To this end, a parasitological field survey in
ruminants was carried out followed by an iz vitro trypanocidal test of five plant extracts using three concentrations (25,
50 and 100 mg / ml) in triplicate in comparison with negative (PBS) and positive (Veriben) controls in the laboratory.
The field survey revealed an overall prevalence rate of 4.14% for trypanosomes, including 4.54% for cattle and sheep
and 3.33% for goats, with no significant difference (P > 0. 05) was recorded between the three ruminant species.
Among the latter, the sex effect showed a significant difference in goats where males were more infested (P = 0.0015)
than females. On the other hand, the age of the animals presented no significant difference (P = 0.8218) between
the three species. All ruminants tested were more infested with Trypanosoma brucei brucei (66.67%) than T congolense
(33.33%). The in witro test was conducted with aqueous extracts of five plants (Balanites aegyptiaca, Capparis sepiaria,
Guiera senegalensis, Mitragyna inermis, and Vitellaria paradoxa) on Trypanosoma brucei brucei. Concentrations of 50
and 100 mg / ml of G. senegalensis leaf extracts and V. paradoxa bark caused high mortality of 7 brucei brucei and were
comparable to Veriben, the standard reference product. The results obtained with the extracts of G. senegalensis and V.
paradoxa showed that these plantsmay be the potential source of trypanocidal drugs.
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INTRODUCTION

Animal African Trypanosomiasis (AAT) are one of the
major constraints to the development of livestock and con-
sequently to the improvement of rural farmers’ income in
Burkina Faso, a country of West Africa (Sow et al., 2010).
In order to cope with this pathology, numerous anti-vec-
tor campaigns have recently been implemented under

the Pan-African Tsetse and Trypanosomosis Eradication
Campaign (PATTEC) in Burkina Faso, Mali and Ghana
(Sowetal.,2012; Adam et al.,2013; Dicko et al.,2015).The
eradication of AAT vectors which is the initial objective of
the PATTEC could not be achieved in addition to being
expensive and laborious. In fact, the treatment of cattle with
trypanosomosis continues to focus mainly on the use of
the two main compounds used for decades, ie diminazene
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aceturate and isometamidium chloride (IMamoudou et al.,
2006; Mamoudou et al., 2008; Delespaux et al., 2008a; Vi-
touley et al., 2013; Tchamdja et al., 2016). Unfortunately,
many cases of resistance to these compounds have been
detected in more than 18 African countries (Delespaux et
al., 2008a; Vitouley et al., 2013; Tchamdja et al., 2017). In
addition, the development of vaccines in the near future
being uncertain (Magez and Radwanska, 2009; Magez et
al., 2010), alternative research approaches including study
of trypanocidal medicinal plants commonly used by rural
farmers are increasingly explored (Vitouley et al., 2017).

In Burkina Faso, particularly in the pastoral area of Gaon-
gho, livestock farmers/herders often use natural plant re-
sources called medicinal plants grown in their areas to treat
different animal diseases (Tamboura et al., 1998; CAPES,
2006; Okoli et al., 2010).This use of traditional herders’
medicine is popular due to the fact that the chemical drugs
recommended for the control of parasites are expensive

(Kaboré et al., 2007).

According to Zongo et al. (2017), herders in Gaongho
pastoral area use many local herbal medicinal recipes to
fight against AAT. The plants commonly used are Balanites
aegyptiaca, Capparis sepiaria, Guiera senegalensis, Mitragyna
inermis, and Vitellaria paradoxa. In order to scientifically
verify the herders’ claims, this study aims to (i) conduct a
cross-sectional survey to identify the main dominant tryp-
anosome species in ruminants in the Gaongho pastoral
zone and (ii) to evaluate in vifro potential trypanocidal ef-
fects of the aqueous extracts of these five medicinal plants
mentioned above.

MATERIALS AND METHODS

In the study, two experiments were carried out, namely
the evaluation of the trypanosome prevalence in Gaongho
pastoral area and the in vifro test of the potential trypano-
cidal effects of the five plant extracts used by herders.

EXPERIMENT 1: TRYPANOSOME PREVALENCE

Study area: Gaongho pastoral area covers an area of 6762
hectares and is located in the province of Bazéga with the
coordinates 11°56’ and 12°04’ North latitude and 01°03’
and 01°09” West longitude (MRA, 2000). The climate of
the area is north-Sudanian domain where a rainy season
is from May to October and a dry season from November
to April. Temperatures are very variable with an average of
30°C. The rainy season is characterized by abundant rain-
fall but poorly distributed over time, whereas in the dry
season, there is a strong sunshine with high heat (MATD,
2007). This situation leads very quickly to the drying up
of the few natural water reservoirs and negatively impacts
the agricultural production activities. The vegetation of the

area is a grassy and wooded savanna. The trees are medium
in size and consist of Vitellaria paradoxa, Sclerocarya birrea,
Lannea acida, Lannea microcarpa, Piliostigma thonningii,
Piliostigma reticulatum, Balanites aegyptiaca, Ziziphus mu-
cronata, Ximenia americana, Acacia seyal, Guiera senegalen-
sis, etc. The herbaceous stratum is comprised of Aristida
adscensionis, Andropogon gayanus, Andropogon acinodis, Pen-
nisetum violaceum, Pennisetum pedicellatum. The resident
population is composed of Fulani (mostly) and Mossi, who
rely mainly on livestock and agriculture.

Methodology applied: The field survey was carried out
from October 2014 to September 2015 by taking blood
samples from ruminants (cattle, sheep and goats) naturally
exposed to trypanosome infestation in Gaongho pastoral
area. These samples were taken at random from the ani-
mals, followed by the collection of individual information
on the mode of rearing, age (young<1 year and adult >1
year in small ruminants, and young <3 years and adult >3
years in cattle), sex and race. At the level of each animal,
the blood was taken from the jugular vein in tubes con-
taining EDTA (Desquesnes and Dia, 2004).Blood smears
were taken on pastoral area and then sent to the laboratory
where they were stained at May-Griinwald Giemsa with a
rapid staining kit (Kit RAL 555® - RAAL DIAGNOS-
TIC, France). The slides were then observed under the mi-
croscope at magnification x 40 to determine the presence
of trypanosomes and to identify their species (7rypanoso-
ma congolense, Trypanosoma vivax and Trypanosoma brucei).
Concomitantly, the trypanocidal plants according to the
herders were harvested on site in April 2015 for in witro
test in laboratory.

EXPERIMENT 2: IN ViTrO TEST

Preparation of aqueous extracts: Seven extracts (mac-
erated and decoction) of plants from the five plants (Vi-
tellaria paradoxa, Mitragyna inermis, Balanites aegyptiaca,
Capparis sepiaria and Guiera senegalensis) were prepared
in accordance with the herders’ procedure (Zongo et al.,
2017).'These preparations have been adapted to the current
techniques of maceration and decoction at the “Institut de
Recherche en Sciences de la Santé (IRSS)” to conduct the
trypanocidal test in vifroin“Centre International de Re-
cherche-Développement sur I'Elevage en zone Subhumide

(CIRDES)”.

For the maceration of the extracts, 200 g of the sample of
each plant material was placed in a 2000 mL Erlenmeyer
flask containing a volume of 1500 mL of distilled water.
The mixture was homogenized with a glass rod and then
subjected to magnetic stirring for 24 h at room tempera-
ture (25-30 ° C). The extract was then filtered by pressing
with a nylon cloth. The marc obtained is rinsed with 500
mL of hot water. Obtained filtrates were centrifuged at
2000 rpm for 10 minutes. The supernatant after centrif-
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ugation (macerate) is collected and concentrated at 45°C
in a ventilated oven. The concentrated extract obtained is
transferred to freezing jars for freeze-drying.

For the decoction of the extracts, 200 g of the sample of the
plant material was placed in a 2000 mL beaker equipped
with a lid in which a volume of 2000 mL of distilled water
was added. The mixture was homogenized with a glass rod
and then boiled on a hot plate for 1 h (mechanical stir-
ring with a glass rod was made from time to time). After,
the extract was warmed and then filtered by pressing on a
fine nylon cloth. Obtained filtrate was then centrifuged at
2000 rpm for 10 minutes, the supernatant was collected
and concentrated at 45°C in a ventilated oven. The con-
centrated extract obtained was transferred to freezer jars

for freeze-drying.

Infection of mice: Trypanosoma brucei brucei strain (refer-
ence Farakoba 80 / CRTA / 01) was got from the “Centre
International de Recherche-Développement sur I'Elevage
en zone Subhumide (CIRDES)” and stored in liquid ni-
trogen. These strains were revitalized for two minutes in a
25°C water bath. After checking the viability of the stabi-
lates, 15 NMRI mice previously irradiated were infected.
Following the method of Herbert and Lumsden (1979),
the mice were anesthetized with ether and the blood was
collected by cardiac puncture in a heparinized tube when
the parasitemia reached 10° trypanosomes per ml of blood
for carrying out the iz vitro trypanocidal test.

In vitro trypanocidal test: The test was carried out in trip-
licate in a microplate of 96 wells according to the proce-
dure of Herbert and Lumsden (1976). To this end, 50 uLb
of blood containing 10° trypanosomes (7rypanosoma brucei
brucei) per ml were incubated with 50 pL of each plant
extract containing three increasing concentrations (25, 50
and 100 mg / ml). At the same time, two controls were
made, one of which was positive control with a conven-
tional product containing diminazene aceturate (Veriben)
used to validate the test and a negative control with a buft-
ered solution (Phosphate Buffered Saline: PBS). The level
of parasitaemia was followed at 05 min, 15 min and 30 min
by observation of 0.5 ul of blood under the x40 objective
microscope. The decrease or cessation of the motility of the
parasites in the blood subjected to the tested extracts and
to the controls was used to measure the trypanocidal ac-

tivity.
STATISTICAL ANALYSIS

Data on field survey were recorded by species, sex and age
before being subjected to descriptive analysis assessing
prevalence and the Chi? test to discriminate the measured
parameters. Iz vifro data were expressed as mean = SD and

subjected to ANOVA (one-way) in order to compare the
means obtained by the Tukey-Kramer test at 5%. Before,
the in vitro data were transformed (log (x + 1)) to normal-
ize their distribution.

RESULTS

TRYPANOSOME PREVALENCE

Table 1 shows an overall prevalence rate of 4.14% AAT in
ruminants in the pastoral area, whereas sheep and cattle
were the most infected (4.54%) compared to goats (3.33%).
These prevalence rates did not reveal any significant dif-
ference (P = 0.8621) between the three ruminant species
studied at which the sex effect had a significant difference
(P =0.0350), particularly in goats where males were signif-
icantly more infected (P = 0.0015) than females.

At the age of the animals, adults were more infected
(4.30%) than the young (3.92%) with no significant dif-
ference (P = 0.8218) between all ruminants and within
each ruminant specie. All AAT-induced infections to ru-
minants were mono-specific and caused by Trypanosoma
brucei brucei and T congolense, with a clear dominance of 7!
b. brucei infections (Figure 1).

Trypanosoma
congolanse .
33.33%

Trypanosoma
brucel brucel :
66.67%
Figure 1: Trypanosome species encountered in the study
area

PLANTS EXTRACTS EXTRACTION YIELD

The yields of the seven extracts of the five trypanocidal
plants commonly used in the treatment of Trypanosome
in ruminants by herders in Gaongho pastoral area are
shown in Table 2. The mean values obtained ranged from
9.14% with the Balanites aegyptiaca bark to 35.62% with
the Mitragyna inermis leaves. The leaves of M. inermis in
decoction and B. aegyptiaca in maceration obtained the
high yields which are 35.62% and 32.07%, respectively. The
lowest yield was obtained with the decoction of B. aegyp-
tiaca bark (9.14%).

IN VitrRo TRYPANOCIDAL ACTIVITY OF PLANT
ExTRACTS

Table 3 presents the results of in vitro trypanocidal activity
on 7" b. brucei of the seven aqueous extracts of five plants.
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Table 1: Trypanosome prevalence rate in ruminants in relation to species, sex and age in the Gaongho pastoral area

Animals
Parameters Total examined Negative Positive (%) Chi® di P(Chi?)
Cattle 110 105 5(4.54) 0.297 2 0.8621
Species Goat 120 116 4(3.33)
Sheep 132 126 6 (4.54)
Total 362 347 15 (4.14)
Sex Females 293 284 9 (3.07) 4.447 1 0.0350
Males 69 63 6 (8.69)
Mot 362 347 15 (4.14)
Age Youngs 155 149 6 (3.92) 0.051 1 0.8218
Adults 207 198 9 (4.30)
Total 362 347 15 (4.14)

Table 2: Dry extract yields of the samples of the medicinal

plants
Names of plants  Used parts Methodsof  Yields (%)
preparation

Balanites aegyptiaca Bark Decoction 9.14
Leaves Maceration  32.07

Capparis sepiaria Roots Decoction 19.40

Guiera senegalensis ~ Leaves Decoction 19.46

Mitragyna inermis ~ Leaves Decoction 35.62

Vitellaria paradoxa ~ Bark Maceration  9.87
Leaves Maceration  26.04

During the test, the negative reference control (PBS) and
the extract of Capparis sepiaria showed no inhibition or
mortality of the parasite. On the other hand, the percent-
ages of 7" b. brucei mortality of the active extracts increased
with increasing concentrations.

Indeed, the positive control (diminazene aceturate), Gui-
era senegalensis leaf extracts and Vitellaria paradoxa bark at
concentrations of 50 mg/ml and 100 mg/ml and Balanites
aegyptiaca bark at 100 mg/ml showed significant efficacy
(P <0.05) on 7 4. brucei after 5 min compared to the other
extracts and the negative control (PBS).

At 15 min incubation, concentrations of 50 mg / ml and
100 mg / ml induced percentages of 7'4. brucei mortality
of 96.6% and 100% respectively for G. senegalensis leaves,
100% for V. paradoxa bark and the positive control (Veri-
ben) and 3.3% and 50% respectively for B. aegyptiaca bark.
At 100 mg/ml, the aqueous extracts of M. inermis and B.
aegyptiaca leaves had a significantly high effect (P < 0.05)
on T b. brucei than the control PBS.

At 25 mg/ml, extracts from G. senegalensis leaves and B.
aegyptiaca bark caused no effect on 70 4. brucei through-
out the duration of the test. While this same concentration
of 25 mg/ml caused 7. 4. brucei mortalities of 56.6% and

100% at 15 min and 76.6% and 100% at 30 min incuba-
tion with the extracts of V. paradoxa bark and the positive
control (Veriben) respectively.

DISCUSSION

'This study was carried out in Burkina Faso in the pastoral
area of Gaongho where the population is mainly composed
of livestock keepers who mainly depend on their pastoral
activities based on ruminant rearing. The livestock of these
animals are cattle, sheep and goats that help herders to
derive most of their subsistence to satisfy socio-economic
needs of their families. The actions of herders in the study
area are hampered by the persistence of AAT transmitted
by tsetse flies and other mechanical actions, thus impacting
the social welfare of herders (ADF, 2004).

During the study in the pastoral area of Gaongho, sero-
logical tests carried out on ruminants revealed an overall
prevalence rate of 4.14% AAT, of which 4.545% in cattle
and sheep and 3.33% in the goats was observed.

These rates in cattle and sheep are large but lower than in
cattle in the north (10.2%) by Tchamdja et al. (2017) and
in the Mo Plain (37.64%) by Talaki et al. (2014) in Togo,
in sheep (13.1%) by Farougou et al. (2011) in southern
Guinean zone of Benin and in goats (8%) by Bastiaensen
(2003) in Sokodé in Togo. It is also lower than the 6.86%
observed by Degnah et al. (2013) in Ethiopia in the Lalo
Kile district and above the 2.5% obtained by Adam et al.
(2012) in Ghana in cattle.

In the cattle and ovine, the sex effect observed during the
study is contrary to the results of the studies of Tola et al.
(2016) in Ethiopia in cattle and Farougou et al. (2011) in
sheep where females were more infected than males. On
the other hand, our prevalence values recorded by species
of small ruminants are higher than those obtained by Sam
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Table 3: Mean percentages (mean + SD) of T brucei brucei
mortality subjected to plant aqueous extracts compared to

controls (Veriben and PBS)

Plant Concen- Observation time (minutes)
extracts trations g 15 30
(mg/ml)
MIl 25 0+0b 020 ¢ 0+0d
50 0+0 b 00 c 0x0d
100 0+0 b 41.624.8 abc 71.6+28.4
ab
VPb 25 0+0b 56.6+4.04 76.6x25.1a
ab
50 88.3t16.0a 1000 a 10020 a
100 100+0 a 10040 a 10040 a
VPI 25 0+0 b 020 ¢ 0+0d
50 00 b 00 ¢ 0+0d
100 0+0 b 13.3+2.3 bc  21.6+3.7
cd
BAb 25 0+0 b 0+0 ¢ 0+0d
50 3.3£0.57b 3.3£0.57c  10+1.0 bed
100 43.3+11.52a 50.0+2.0ab 68.3+7.6
ab
BAl 25 0+0b 0+0 ¢ 0+0d
50 0+0 b 3.3£0.57c¢  3.3:0.57
cd
100 3.3£0.57b 26.6+3.7 abc 36.6+3.5
abc
GS1 25 0+0 00 c 0+0d
50 96.6+5.7a 96.6x5.7a 1000 a
100 70+5.1a 10040 a 10040 a
CSr 25 0+0 b 00 c 0+0d
50 0+0 b 00 c 0x0d
100 0+0b 0+0 ¢ 0+0d
Veriben 25 00+£00 b 100+00 a 10000 a
50 93.3x11.5a 10000 a 100200 a
100 10040 a 100200 a 100200 a
PBS 25 0+0 b 00 c 0+0d
50 0+0 b 00 c 0x0d
100 0+0 b 020 ¢ 0+0d

(abcd) Means with different letters on the same column are
significantly different (P <0.05).

BAb: Balanites aegyptiaca bark; BAL : Balanites aegyptiaca leaves;
CSr:Capparis sepiaria roots; GS1: Guiera senegalensis leaves; MII:
Mitragyna inermis leaves; VPb 1 Vitellaria paradoxa bark;VPL:
Vitellaria paradoxa leaves PBS: Phosphate buffer saline

di et al. (2010) at the Kaduna slaughterhouse in Nigeria
(1.54%) where males (0.57%) were less infected than fe-
males (2.92%) in goats. As for the age effect of the ru-
minants surveyed, adults were more infested (4.30%) than
the young (3.92%), corroborating the observations made
in Ethiopia in cattle by Tola et al. (2016) and in Benin in

sheep by Farougou et al. (2011). All infected ruminants
showed higher infections with 7. 4. brucei (66.67%) than
Trypanosoma congolense (33.33%) and mono-specific. This
predominance of 7 brucei is similar to that noted by Adam
et al. (2012) in Ghana but diverges from the clear domi-
nance of 7. congolense in Ethiopia by Tola et al. (2016) and
Degnah et al. (2013) in Ethiopia and 7 vivax by Talaki et
al. (2014) in Togo in their studies. All of these differences
in prevalence among the authors reveal a high variability of
AAT infections in ruminants depending on the density of
tsetse and other biting insects and the ability of animals to
develop high parasitaemia.

In the study, the overall prevalence observed in ruminants
appears to be relatively low in the Gaongho pastoral area.
'This could be explained by the effects of climate change
and anthropogenic actions on natural resources in the area
in recent years that have contributed to the current trans-
formation of tsetse ecology for their survival (Dao et al. al.,
2008; Van den Bossche et al., 2010). This could be added
to the diagnostic method used in the study which is less
sensitive than the PCR technique using parasite-specific
primers which is more sensitive and allows to have high-
er prevalences (Desquesnes et al., 1999; Marcotty et al.,
2008).

In the pastoral area, all animals infected with the AAT
are generally treated with chemotherapy with the help of
public and private veterinary services and with the use of
medicinal plants by the herders themselves or the tradi-
tional-practitioners (Zongo et al., 2017).

'The yields of the seven extracts commonly used by herders
in the pastoral area and tested in the present study range
from 9.14% to 35.62%. Bark extracts showed the lowest
yields (9.14% - 9.87%) compared to roots (19.40%) and
leaves (19.46% - 32.07%). The differences in yield between
the seven extracts of five plants are probably due to the
fact that at the time of harvesting the materials studied
the leaves had lower water content than the bark and roots
of the plants. In addition, it may be suggested that there
are more polar compounds in the leaves than in the barks
and roots of harvested plants. Subsequent further studies
of phytochemical screening of our plant extracts would
confirm our assertion. The yields of our seven extracts are
significantly higher than those obtained by Yaro (2016),
which yielded green and bicolored fruits of S. aethiopicum
prepared under the same conditions yields of 8.69% and
9.00% respectively. The difference between the two stud-
ies is due to the parts used for the preparation of extracts
which are leaves, roots and bark in the study in the pastoral
area of Gaongho.

'The in vitro test carried out in the study showed the advan-
tages of being simple to perform, relatively inexpensive, re-
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producible and requiring only a small amount of biological
material. The results obtained show that aqueous extracts
have an appreciable trypanocidal effect on 77 4. brucei in
the following order: Vitellaria paradoxa bark > Guiera sen-
egalensis leaves > Balanites aegyptiaca bark. All these active
extracts on 7. 4. brucei act in a dose-dependent manner and
in relation to time. The results of their trypanocidal activ-
ity are similar to that of diminazene aceturate, which con-
tains a single pure active principle commonly used for the
conventional treatment of trypanosomiases. On the other
hand, aqueous extracts usually contain several secondary
metabolites that act synergistically or individually on path-
ogenic organisms (Cowan, 1999) and especially on trypa-
nosomes (Bala et al., 2010). Compared to these active ex-
tracts, those of Mitragyna inermis and B. aegyptiaca leaves
showed a weak trypanocidal effect only at the concentra-
tion of 100 mg/ml on 77 4. brucei. Conversely, extracts from
V. paradoxa leaves and Capparis sepiaria roots showed no
trypanocidal effect as Cissus quadrangularis on 1. b. brucei
in Nigeria in the study of Bala et al. (2009). Our results are
consistent with Atawodi et al. (2003), Hoet et al. (2004)
and Mann et al. (2009) who reported the in vitro trypan-
ocidal activity of some medicinal plants on trypanosomes
in their studies. The difference of the in vitro trypanocidal
activity on 77 &. brucei between our seven aqueous extracts
tested could be explained by: (1) the nature of the second-
ary metabolites contained in each extract and (2) the con-
centration of the active substance (s) responsible for the
observed trypanocidal activity during the test. Hence there
is great need to carry out the screening of the phytochemi-
cals contained in the extracts studied, particularly the most
active (V. paradoxa barks and G. senegalensis leaves) in or-
der to better understand their mechanisms of actions on
T b. brucei. Indeed, it is known that many natural prod-
ucts exhibit their trypanocidal effect by interfering with
the redox balance of the parasites by acting either on the
respiratory chain or on the cell defenses against oxidative
stress (Adeiza et al., 2010). Maikai (2008) reported that
natural products possess structures capable of generating
radicals that can lead to peroxidative damage to trypan-
othione reductase which is very sensitive to alterations in
redox balance. Other secondary metabolites act by binding
to the parasite’s kinetoplast DNA (cDNA) (Atawodi et al.,
2003, Liu et al., 2005).

CONCLUSION

In the study, aqueous extracts of G. senegalensis leaves and
V. paradoxa bark showed the highest trypanocidal activities,
unlike the other plant extracts on 7. brucei brucei. The tryp-
anocidal effects of their extracts were comparable to the
positive control of diminazene aceturate, the conventional
reference product. Therefore, these active plants could be a
source of novel trypanocidal compounds. These results of

the in vitro study demonstrate that traditional medicine
can be effective as modern medicine and as an alternative
solution in the fight against AAT. However, further re-
search is needed to characterize the secondary metabolites
contained in the extracts of these plants and to conduct iz
vivo tests to advise and secure herders in their uses.

ACKNOWLEDGMENTS

'The authors are grateful to the project FCN 05-2014 of
PPAAO/WAAPP of Burkina Faso for financial support

provided and farmers in the Gaongho pastoral area for
their participation in the study.

CONFLICT OF INTEREST

There is no conflict of interest among the authors.

AUTHORS CONTRIBUTION

All the authors contributed significantly to the paper. Au-
thors Tamboura H. H, Kaboré A., Belem A. M. G. carried
the study and the protocols, Zongo A. and Viyouley S. H.
collected the data, Kaboré A., Bengaly Z. and Viyouley S.
H. helped in statistical analysis and interpretation of re-
sults, all authors contributed to the writing and revision of

the paper.

REFERENCES

*Adam Y, Marcotty T, Cecchi G, Mahama CI, Solano P, Bengaly
Z, Van den Bossche P (2012). Bovine trypanosomosis
in the Upper West Region of Ghana: Entomological,
parasitological and serological cross-sectional surveys. Res.
Vet. Sci. 92: 462—468.

*AdamY, Cecchi G, Kgori PM,Marcotty T, Mahama CI, Abavana
M, Anderson B, Paone, M, Mattioli R, Bouyer J (2013). The
Sequential Aerosol Technique: A Major Component in an
Integrated Strategy of Intervention against Riverine Tsetse
in Ghana. PLoS Negl. Trop. Dis. 7. https://doi.org/10.1371/
journal.pntd.0002135

* Adeiza AA, Makeri HK, Mohammed M (2010). Comparative
in vitro trypanocidal activities of water and methanol extracts
of three parts of Zhaya senegalensis on Trypanosome evansi. J.
Medicin. Plants Res. 4(14):1365-1369

*African Development Fund (ADF) (2004). Multinational
eradication of tsetse and trypanosomiasis in sub-Saharan
Africa. Summary of the environmental and social impact
assessment study (ESIA). 19 pages.

+ Atawodi SE, Bulus T, Ibrahim S; Ameh DA, Nok AJ, Mamman
M, Galadima M (2003). In vitro Trypanocidal effect of
methanolic extract of some Nigerian Savannah plants. Afr. J.
Biotechnol. 2(9): 317-321.

*Bala AY, Adamu T, Abubakar U, L.adan M] (2010). Inhibition of
trypanosome brucei brucei by extracts from Waitheria indica
L. (Sleepy Morning). Res. ]. Parasitol. 6(1):53-59.

*Bala AY, Adamu T, Abubakar U, Ladan M]J, Abubakar MG

July 2017 | Volume 5 | Issue 3 | Page 112

Es


https://doi.org/10.1371/journal.pntd.0002135 
https://doi.org/10.1371/journal.pntd.0002135 

Journal of Animal Health and Production

(2009). Studies on the In Vitro Trypanocidal Effect of the
Extracts of Some Selected Medicinal Plants in Sokoto State,
Nigeria. Nigerian ]. Basic Appl. Sci. 17(2): 257-264.

*Bastiaensen P, Dorny P, Batawui K, Boukaya A, Napala A,
Hendrickx G (2003). Parasitisme des petits ruminants dans
la zone périurbaine de Sokodé, Togo. II. Caprins. Revue
Elev. Méd. Vét. Pays Trop. 56 (1-2) : 51-56.

*Centre d’Analyse des Politiques Economiques et Sociales
(CAPES) (2006). Etat des lieux des savoirs locaux au Burkina
Faso. Inventaire des bonnes pratiques et propositions pour
leur contribution au développement. Ouagadougou. Pp 448.

*Cowan MM (1999). Plant Products as Antimicrobial Agents.
Clin. Microbiol. Rev. 12(4): 564-582.

*Dao B, Hendrickx G, Sidibé I, Belem AMG, de la Rocque S
(2008). Impact de la sécheresse et de la dégradation des aires
protégées sur la répartition des trypanosomoses bovines et
de leurs vecteurs dans le bassin versant de 'Oti au nord du
Togo. Rev. Elev. Méd. Vét . Pays Trop. 61: 153-160. https://
doi.org/10.19182/remvt.9982

*Degnah E, Fareda B, Bekuma B, Hunde A, Duguma M (2013).
Prevalence of Bovine Trypanosomosis in Lalo Kile District,
KelemWollega Zone, Oromia Regional State, Western
Ethiopia. Acta Parasitologica Globalis. 4 (2): 34-40

* Delespaux V, Dinka H, Masumu J, Van den Bossche P, Geerts S
(2008a). Five fold increase in the proportion of diminazene
aceturate resistant Trypanosoma congolense isolates over a
seven years period in Eastern Zambia. Drug Resist Update.
11: 205-209.

*Desquesnes M, Michel JE, De La Rocque S, Solano P, Millogo
L, Bengaly Z, Sidibé I (1999). Enquéte parasitologique et
sérologique (Elisa-indirect) sur les trypanosomes bovins
dans la zone de Sidéradougou, Burkina Faso. Revue
d’Elevage Méd. Vét. desPays Tropicaux. 52(3-4) : 223-232.

*Desquesnes M, Dia ML (2004). Mechanical transmission
of Trypanosoma vivax in cattle by the African tabanid,
Atylotus fuscipes. Vet. Parasitol. 119: 9-19.

*Dicko AH, Percoma L, Sow A, Adam Y, Mahama C, Sidibe I,
Dayo GK, Thevenon S, Fonta W, Sanfo S (2015). A spatio-
temporal model of African animal trypanosomosis Risk.
PLoS Negl Trop. Dis. Pp 9. https://doi.org/10.1371/journal.
pntd.0003921

*Farougou S, Doko AS, Tokolssakou W, Akossou ] (2011).
Prévalence des infections trypanosomiennes ovines dans la
commune de Kandi, zone sud-guinéenne du Bénin. Annales
des Sciences Agronomiques. 15 (2): 231-242.

*Herbert W], And Lumsden WHR (1976). Trypanosoma
brucei: A rapid “matching”method for estimating the host’s
parasitemia. Experimen. Purusitol, 40: 427-431.

*Hoet PHM, Briiske-Hohlfeld I, Salata OV (2004). Nanoparticles
— known and unknown health risks. J. Nanobiotechnol. 2:12

*Kaboré A, Tamboura HH, Belem AMG, Traoré A (2007).
Traitements ethno-vétérinaires des parasitoses digestives des
petits ruminants dans le plateau central du Burkina Faso. Int.
J. Biol. Chem. Sci. 1(3) : 297-304

*Liu B, Liu Y, Motyka SA, Agbo EE, Englund PT (2005).
Fellowship of the rings: the replication of kinetoplast DNA.
Trends Parasitol. 21: 363-369.

*Magez S, Caljon G, Tran T, Stijlemans B, Radwanska M
(2010). Current status of vaccination against African
trypanosomiasis. Parasitol. 137: 2017-2027.

*Magez S, Radwanska M (2009). African trypanosomiasis
and antibodies: implications for vaccination, therapy and
diagnosis. Future Microbiol. 4: 1075-1087.

* Maikai VA, Kobo PI (2008). Preliminary studies on the in vitro
antitrypanosomal activity of aqueous and methanolic crude
extracts of stem bark of Nauclea latifolia on Trypanosoma
congolense. ]. Med. Plant Res. 2(6): 115-118.

*Mamoudou A, Zoli A, Tanenbe C, Andrikaye JP, Bourdanne
A, Delespaux V, Clausen PH, Geerts S (2006). Evaluation
de la résistance aux produits trypanocides sur le plateau de
I’Adamaoua au Cameroun en utilisant un test de terrain et
le test standardisé sur souris. Rev. Elev. Méd. vét. Pays trop.
59:11-16.

*Mamoudou A., Delespaux V, Chepnda V, Hachimou Z,
Andrikaye JP, Zoli A, Geerts S (2008). Assessment of the
occurrence of trypanocidal drug resistance in trypanosomes
of naturally infected cattle in the Adamaoua region of
Cameroon using the standard mouse test and molecular
tools. Acta. Trop. 106: 115-118.

*Mann A, Egwim EC, Banji B, Abdukadir NU, Gbate M, Ekanem
JT (2009). Efficacy of Dissotis rotundifolia on Trypanosoma
brucei brucei infection in rats. African J. Biochem. Res. 3(1):
005-008.

*Marcotty T, Simukoko H, Berkvens D, Vercruysse ], Praet
N, Van den Bossche P (2008). The use of the PCV-value
in the diagnosis of trypanosomal infections in cattle.
Prevent. Vet. Med. 87, 288-300. https://doi.org/10.1016/j.
prevetmed.2008.05.002

* Ministére de 'administration territoriale et de la décentralisation
(MATD) (2007). Monographie de la province du Bazéga :
rapport final, Pp 108.

*Ministere des Ressources Animales (MRA) (2000). Arrété
conjoint n°2000-31 /MRA/AGRI/MEE/MEF/MATS/
MEM/MIHU, portant délimitation de la zone a vocation
pastorale de Gaongho-sud, Pp 3.

*Nok AJ (2002). Azaanthraquinone inhibits respiration and
in witro growth of long slender bloodstream forms of
Trypanosoma congolense. Cell Biochem. Func. 20: 205-212.

*Okoli CI, Tamboura HH, Hounzangbe-Adote SM (2010).
Ethnoveterinary Medicine and Management Sustainable
Livestock in West Africa. Ethnoveterinary botanical
medicine: herbal medicine for animal health. Eds by David
R., and KaterrereDibongil.useba. CRC Press Taylor &
Francis Group, 6000 Broken Sound Parkway N. W., Suite
300, Boca Raton, FL. 33487-2742.

*Samdi SM, Fajimi AO, Kalejaye JO, Wayo B, Haruna MK,
Yarnap JE, Usman AO, Hamra SM, Jijitar A, Ogunwale
R, Bizi R, Ovbagbedia RP, Abenga JN (2010). Periodic
Variation in trypanosome Infection Rates in Trade Small
Ruminants at Slaughter in Kaduna Central Abattoir. Res. J.
Vet. Sci. 3(3): 189-193.

*Sow A, Sidibé I, Bengaly Z, Bouyer J, Bauer B, Van Den
Bossche P (2010). Fifty years of research and fight against
tsetse flies and animal trypanosomosis in Burkina Faso: An
overview. Anim. Hlth. Prod. Afr. 58 (2):95-118.

*Sow A, Sidibe I, Bengaly Z, Bance AZ, Sawadogo GJ, Solano
P, Vreysen MJ, Lancelot R, Bouyer J (2012). Irradiated male
tsetse from a 40-year-old colony are still competitive in a
Riparian forest in Burkina Faso. PLoS ONE. 7: ¢37124.

*Talaki E, Dao B, Dayo GK, Alfa E, N'Feide T (2014).
Trypanosomoses animales dans la Plaine de M6 au Togo.
Int.]J. Biol. Chem. Sci. 8(6): 2462-2469.

* Tamboura HH, Kaboré A, Yaméogo SM (1998). Ethnomédecine
vétérinaire et pharmacopée traditionnel dans le plateau
central du Burkina Faso : cas de la province du Passoré.
Biotechnol. Agron. Environ. 2(3): 181-191.

July 2017 | Volume 5 | Issue 3 | Page 113

Es


 https://doi.org/10.19182/remvt.9982 
 https://doi.org/10.19182/remvt.9982 
https://doi.org/10.1371/journal.pntd.0003921 
https://doi.org/10.1371/journal.pntd.0003921 
https://doi.org/10.1016/j.prevetmed.2008.05.002 
https://doi.org/10.1016/j.prevetmed.2008.05.002 

OPEN@ACCESS

Journal of Animal Health and Production

*Tchamdja E, Kulo AE, Vitouley HS, Batawui K, Bankole AA,
Adomefa K, Cecchi G, Hoppenheit A, Clausen PH, De
Deken R, Van Den Abbeele J, Marcotty T, Delespaux V
(2017). Cattle breeding trypanosomosis prevalence and drug
resistance in Northern Togo, Vet. Parasitol. http://dx.doi.
org/10.1016/j.vetpar.2017.02.008

*Tchamdja E, Kulo AE, Akoda K, Teko-Agbo A, Assoumy
AM, Niang EM, Batawui K, Adomefa K, Bankole AA,
Kombiagou K, Hoppenheit A, Clausen PH, Mattioli RC,
Peter R, Napier GB, De DR, Marcotty T, Van Den Abbeele
J, Delespaux V (2016). Drug quality analysis through high
performance liquid chromatography of isometamidium
chloride  hydrochloride
purchased from official and unofficial sources in Northern
Togo. Prev. Vet. Med. 126: 151-158.

*Tola M, Kebede B, Kitila G, Gezehegn E (2016). Prevalence
of bovine trypanosomosis and its vector apparent density in
Chora District of Illuababora Western Oromia, Ethiopia. J.
Vet. Med. Anim. Health. 8(7): 64-71.

*Van den Bossche P, de La Rocque S, Hendrickx G, Bouyer J
(2010). A changing environment and the epidemiology

and diminazenedi aceturate

of tsetse-transmitted livestock trypanosomiasis. Trends
Parasitol. 26: 236-243.

* Vitouley HS, Bengaly Z, Adakal H, Sidibe I, Van Den Abbeele
J, Delespaux V (2013). Réseau d’EpidémioSurveillance de
la Chimiorésistance aux trypanocides et aux acaricides en
Afrique de 'Ouest (RESCAO). Tropicultura, 31: 205-212.

*Vitouley SH, Bengaly Z, Lapo RA, Gbati OB, Assane M (2007).
Etude du potentiel trypanocide d’extraits aqueux de plantes
médinales pour le traitement de la trypanosomose animale
africaine. Rev. Africaine Santé Prod. Anim. 5: 9-15.

*Yaro B (2016). physicochimique et
activitesantioxydantes des fruits d’accessions de Solanuma
ethiopicum 1. subsp. Kumba (solanaceae) du Burkina Faso.
Dipléme de master des sciences alimentaires option :
industrie agroalimentaire (iaa)/ Université Ouaga 1 Pr
Joseph Ki-Zerbo, Pp 90.

*Zongo A, Kaboré A, Traoré A, Zabré G, Traoré¢, Tamboura HH,
Belem AMG (2017). Constraints of Ruminant Rearing
and Ethno-veterinary Practice Against African Animal
Trypanosomosis in the Pastoral Area of Gaongho in Burkina
Faso. Anim. Vet. Sci. 5(1): 1-7.

Caracterisation

July 2017 | Volume 5 | Issue 3 | Page 114

s


http://dx.doi.org/10.1016/j.vetpar.2017.02.008
http://dx.doi.org/10.1016/j.vetpar.2017.02.008

