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gambiensis were set up. Each batch of tsetse was fed with blood from either

Maintaining a high production rate by producing good quality pupae of Glossina

to contribute to the improvement of tsetse fly feeding quality in tsetse fly mass
rearing through the evaluation of tsetse fly productivity. To achieve this goal,
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the Bobo Dioulasso or Koubri slaughterhouse. The parameters evaluated were:
survival, pupal weight and number of pupae produced per initial female. Sur-
vival was not significantly influenced by the origin of the blood used. On the
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1. Introduction

African human and animal trypanosomoses (AATSs) are parasitic vector-borne
diseases transmitted mainly by tsetse flies [1]. Given their distribution in 38 coun-
tries in sub-Saharan Africa [2] [3], they hamper the development of sustainable
and productive agricultural systems over more than ten million square kilometers
in the region [2] [3], leading to huge losses in terms of animal and crop produc-
tion, estimated at 4.75 billion dollars a year [4]. They are also responsible for more
than 3 million cattle deaths a year, with an estimated economic impact of more
than €2 billion for cattle alone, and more than double that for all livestock [5] [6].
The annual losses caused by AATS to livestock and agriculture amount to around
US $ 4 - 4.5 billion [4] [7].

Chemotherapy and the breeding of trypanotolerant animals are the two main
strategies for combating AAT, but they have their limits, linked respectively to the
development of resistance to the same molecules that have been used for decades
[8] [9] and the low adoption of trypanotolerant breeds by producers due to their
low productivity [10]. Vector control is, therefore, the most decisive of the three
strategies for tackling AATs [11] [12]. It remains the most effective method and
could be used in conjunction with chemotherapy to ensure efficient and sustain-
able control. Vector control is implemented as part of a zone-wide integrated con-
trol approach, combining chemical methods (chemotherapy, insecticide spraying,
screens and impregnated traps) and biological methods. Vector control is imple-
mented as part of a zone-wide integrated pest management approach, combining
chemical methods (chemotherapy, insecticide spraying, screens and impregnated
traps) and biological methods using the sterile insect technique (SIT) [13] [14].
SIT is one of the most effective and environmentally-friendly methods, with no
pollution or destruction of the ecosystem.

The application of SIT requires mass production of sterile male tsetse flies. In
order to better apply this technique, the Insectarium of Bobo-Dioulasso-Cam-
pagne d’Eradication de la mouche tsé-tsé et de la trypanosomose (Bobo-Dioulasso
tsetse fly and trypanosomosis eradication campaign), an establishment specialis-
ing in the mass rearing of tsetse flies, was built with a production capacity of around
1,000,000 sterile males per week. The aim of the centre is to provide sterile male
tsetse flies for the various control campaigns in the West African sub-region. [15]
[16]. It began production in June 2016 and since 2017, the Insectarium de Bobo-
Dioulasso (IBD) has been supplying 50,000 sterile male pupae a week to Senegal
as part of the Area-Wide-Insect Pest Management AW-IPM programme [15].
Tsetse flies reared at the Bobo-Dioulasso Insectarium are fed four times a week

(Monday, Tuesday, Thursday and Friday) [15]. In order to obtain quality tsetse
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flies, they must be fed with a sufficient quantity of quality blood. Blood is collected
at the Bobo-Dioulasso cold-storage abattoir for occasional feeding needs, and also
at the Koubri abattoir to build up a reserve.

However, the current quality and quantity of blood collected at the abattoir
seems insufficient for efficient biological control on a regional scale.

The aim of this study is to compare the biological parameters of tsetse flies fed
with blood from the Bobo-Dioulasso refrigerated abattoir with those from the ru-
ral commune of Koubri in Ouagadougou, Burkina Faso, in order to determine

which of the blood collection centres offers better quality blood.

2. Methodology
2.1. Location of the Study

The study was carried out at the Bobo-Dioulasso Insectarium (IBD) located at
Darsalamy (11°03'32.4"N and 4°21'10.9"W), 15 km from Bobo-Dioulasso, in
Burkina Faso. Since its creation, two species have been rear in mass at the IBD,
namely: G. palpalis gambiensis and G. morsitans submorsitans [15]. Tsetse fly colo-
nies are maintained at 24°C - 25°C and 75% + 5% relative humidity with a 12:12
h light/dark photoperiod [17] [18]. Hobo U14-001 data loggers were placed inside
the rearing rooms and programmed to display temperature and relative humidity

every minute and to record data every 30 minutes.

2.2. Insectaries Flies

The experiments were conducted with the species Glossina palpalis gambiensis.
They involved teneral tsetse flies, 7 e those that had not yet taken their first blood
meal. This species was domesticated more than 45 years ago at the CIRDES insec-
tarium in Bobo-Dioulasso [19] [20]. Domestication was carried out at the Centre de
Recherche sur les Trypanosomiases Animales (CRTA), now CIRDES, in 1975 using
pupae collected in the field [20] at the Guinguette and the hippopotamus pond.

2.3. Blood

The blood used was bovine. It was collected at the Bobo-Dioulasso refrigerated
slaughterhouse (12°26"21"N et 3°25'38"0) and the Koubri slaughterhouse
(12°15'14.1"N et 1°26'15.2"0) located about 40 km from Ouagadougou during
slaughtering sessions on the ground using a 750 ml plastic bucket. It was defib-
rinated using a Ryobi 18v defibrinator with a diameter of 13 mm and then irradi-
ated at 1 KGry using a cobalt *60 irradiator (model 812, Sn 002). The bacteriolog-
ical test consisted of incubating at 37°C for 72 h a bacteriological culture on aga-
rose gel in a 1 ml petri dish. The quality of this blood is considered good if after
these 72 h the number of bacterial colonies is less than 10. The blood is spread
between an artificial silicone membrane and a food plate heated to 36°C + 1°C.

2.4. Concept Expérimental

The study was carried out from June 20" to September 21" 2022 with 2 batches of
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tsetse flies of 05 replicates each. Each cage contained 150 females and 50 males of
G. palpalis gambiensis (Table 1). The average age of the females was 3 to 4 days
and the average age of the males was 6 to 8 days. The difference between replicates
was due to the date of emergence of the tsetse turtles, ie. those that had not yet
taken their first blood meal. The mating cages were placed in plastic plates which
were used as nesting boxes. Pupae were collected daily (except Sunday, which was
a rest day for the staff) and sorted into normal and runts. Normal pupae were
weighed using an electronic balance with a sensitivity of 0.0001 mg and a maxi-
mum capacity of 240 g with automatic calibration (Sartorius MSE2 75-000-DM
Cubis Ultra).

Table 1. Distribution of the number of tsetse flies for the experiments according to batch
repetition and sex.

Repeats Batches
Flies fed with blood from the  Flies fed with blood from Bobo
Koubri slaughterhouse Dioulasso slaughterhouse
Female Male Female Male
1 150 50 150 50
2 150 50 150 50
3 150 50 150 50
Total 450 150 450 150

2.5. Data Analysis

The data collected were entered into a database using Microsoft Excel 2016 spread-
sheet software. Statistical analyses and figures were performed with R software
(version 4.4.1) [21] using RStudio (RStudio, PBC. Boston, MA, USA, 2020). De-
scriptive statistics were used to determine the means and standard deviations of
the data. For the comparison of variables, each difference was considered signifi-
cant if p < 0.05.

The survival of flies from the different batches was analysed on the basis of daily
mortalities using Kaplan-Meier survival curves. Survival curves were compared
using the coxph model from the “Survival” package, with batch as the explanatory
variable and daily mortality as the variables to be explained. A generalized linear
mixed effect model was used to analyze the number of pupae produced per female
by 10 days (Ppfl10days) (with a Poisson distribution) and the pupal weight (with
a Gaussian distribution) [22] where the slaughterhouse of blood collection, the
cage and their interactions were considered as fixed variables. Differences between
the levels of significant fixed factors were analyzed using post hoc Tukey tests (glht
function in package multcomp) [23]

3. Results and Discussion

3.1. Results

Temperature and relative humidity during the experiments
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The data recorded by the Hobbo® data loggers showed that the mean tempera-
ture (£sd) of the experimental room during the experiments was 25.1°C + 0.54°C
and the mean relative humidity (+sd) was 80.08% * 4.94% (Figure 1).
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Figure 1. Temperatures and relative humidities recorded in the experimental
room during the experiment.

Survival rate

Fifty days after monitoring, of all the dead flies (males and females), 5.08% had
blood in the abdomen and 94.92% were starving. The statistical analysis showed
that there was a significant difference between the rate of dead flies with or with-
out blood in the tsetse fly abdomen (X? = 0.42, p = 1.75e—05). Survival was influ-
enced by cage number (p = 0.02506).

Analysis using the Cox model showed that the survival rate was not significantly
influenced by the origin of the blood used (X* = 1.14, p = 0.18) (Figure 2) and sex
(X*=1.53, p=0.21).
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Figure 2. Survival curves for flies according to the origin of the blood used.
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Female productivity

1) Pupae weight

There was a highly significant difference (p = 4.18e—05) (Figure 3) between the
weight of pupae from female tsetse fly fed with blood from the Bobo-Dioulasso
slaughterhouse compared with blood from Koubri in the different batches.
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Figure 3. Pupal weight according to the origin of the blood used.

2) Egg-laying by 10-day-old females
There was no significant difference (p = 0.22) (Figure 4) in the average egg-
laying rate per 10-day-old female between the batch of tsetse fed with Bobo-Diou-

lasso blood and the batch fed with Koubri blood.
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Figure 4. Number of pupae per 10-day female.
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3.2. Discussion

The biological quality of the sterile males reared and released is one of the key
factors determining the success of an integrated pest management programme
with an integrated pest management component.

Survival, fecundity and nymph size are the three key parameters in the study of
female tsetse flies commonly used to assess colony performance.

A small proportion (5.08%) of dead flies observed with blood contained in the
abdomen could be explained by the fact that the blood used to feed the experi-
mental flies was of good quality and, therefore, not responsible for the deaths ob-
served. This rate remains higher than those observed by [15] which was 2.82%.
This could be explained by variability in the quality of blood collected from one
year to the next one.

Female productivity

Weight of pupae

The average pupal weight of batch B (22.72 + 2.76 mg) was significantly differ-
ent from that of batch A (21.55 + 2.98 mg). The average pupal weight of batches
(22.14 * 2.87 mg) is sensibly the same found by [24] which were 22.11 + 2.17 mg.
However, pupal weight is still lower than that obtained previously with the same
species, which was 26.98 + 0.67 mg [25]. This could be explained by the fact that
the climatic conditions to which the same tsetse species was subjected in the Cen-
tre International de Récherche-Développement sur I Elevage en zone Sub-humide
would have enabled higher productivity values to be obtained than those of /nsec-
tarium de Bobo-Dioulasso. The significantly difference between weight of two
batches could be explained by the fact that the blood collected at the Koubri
slaughterhouse comes from various livestock markets in rural communes such as
Fada, Dori, Léo and Sapouy, but also from small livestock markets around Oua-
gadougou such as Kombissiri, Saponé and Kabiyo. In fact, this blood would be of
better biological quality than that collected at the Bobo-Dioulasso refrigerated ab-
attoir. This good blood quality could be due to the fact that the animals in these
areas are fed with better quality fodder than those in the Bobo-Dioulasso areas.

Females lay eggs for 10 days

The average number of pupae per female at 10 days (0.48 + 0.037) is still lower
than those obtained in Standard Operating Procedures for Mass-Rearing Tsetse
flies with the same species, which was 0.6 pupae per female every 10 days. [26]. In
fact, the quality of the blood used for feeding could be the difference between Eu-
ropean and African insectari. In Europe, the waiting period for veterinary drugs
before the animal is slaughtered is well respected, which is not the case everywhere
in Africa, so some drug residues could end up in the blood and have an impact on
the quality of the animals. So, despite the biological feeding test, which eliminates
very poor quality blood (quality factor < 1, [27] [28]), It has to be said that poor
quality residues still remain in the blood.

4. Conclusions

The blood collected at the Koubri slaughterhouse is of better biological quality
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and its use would be capable of boosting the productivity of the tsetse flies at the
Bobo-Dioulasso tsetse fly and trypanosomosis eradication campaign. This finding
could influence vector control in terms for tsetse flies colonies maintenance which
is an important condition for Sterile Insect Technic application.

The implementation of this comparative experiment on blood quality for feed-
ing G. palpalis gambiensisrevealed that a difference was observed in the biological
parameters monitored, such as survival and productivity. Thus, repeating these
experiments taking into account certain parameters such as the rate of emergence
of offspring, flight performance and the rate of operational flies with a view to
estimating the average improvement in colony capacity would be vital in order to

confirm or refute the results obtained.
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