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Abstract

The tsetse and trypanosomoses control by sterile insect technique
(SIT), requires mass production of quality tsetse pupae and consequently high-
quality blood meal for the fly feeding. The reproductive performances of
Glossina palpalis gambiensis (Diptera : Glossinidae), fed frozen or fresh
blood meals has been studied. Three diets of slaughtered bovine blood stored
at -18 °C for six months (R6), three months (R3) and one month (R1) were
used in the present investigation. Fresh blood samples stored at 4°C and
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renewed every four days were used as control (RO). The defibrinated blood
was packaged in batches of 30 x 20 ml vials. For each blood meal, 30-day
feeding tests were conducted at the beginning and end of freezing. All blood
meal was irradiated using 137 caesium irradiation before being used. The
parameters monitored daily were: the number of dead flies (fed and unfed),
the number and weight of pupae and the emergence rate. No difference in
survival rates was observed for the three regimes (df: 15; Chi-square: 7.53; p
> 0.05), on average 32.1% (R0), 32.4% (R6), 37.5% (R3) and 38.2% (R1).
However, flies fed with the six-month-old frozen blood were less efficient in
pupa production (df: 3; F: 6. p < 0.001) and pupae weight (df: 3, F: 3.24, p <
0.05) compared to the control. The mortality rate was affected by the duration
of freezing: 26.7% for R6 and 8% for the other diets (p <0.05). The
implications of our results in terms of blood meal management for efficient
production of insectary pupae were discussed.

Keywords: Glossina palpalis gambiensis, frozen blood, fertility, survival

Introduction
1. Background

African Trypanosomiasis is one of the neglected tropical diseases
transmitted mainly by tsetse flies (Glossina spp.) that affect humans and
animals in sub-Saharan Africa. The animal form of the disease also called
"Nagana", is caused by the trypanosomes (Trypanosoma spp.) pathogens that
infect domestic animals in Africa, namely: Trypanosoma brucei, T.
congolense and T. vivax. The human form of the disease (HAT) presents in
two forms, depending on the species of trypanosome. The chronic form (98%
of HAT cases) is caused specifically by T. brucei gambiense in West and
Central Africa and the acute form by T. brucei rhodesiense in East Africa (De
Greef et al., 1989; Fevre et al., 2001; Jackson et al., 2010). The socio-
economic impact of tsetse in sub-Saharan Africa remains enormous, despite
decades of control (Muhanguzi et al., 2015; 2017). Currently, no vaccine or
prophylaxis against HAT is available, so it is a heavy burden for Africa (Févre
et al., 2008).

Major studies have been undertaken concerning the biology of tsetse.
The control of tsetse populations in an area is based on a coordinated,
sequential and integrated strategy (Diall et al., 2017), which combines the
deployment of appropriate control techniques, depending on the
environmental context. The technique of sterile insects (SIT), which is an
environmental-friendly technique, is recommended and used in a tsetse
elimination or eradication campaign (Feldmann et al., 2001; Kristjanson et al.,
1999; Vreysen, 2001). This technique is based on the principle that fertile
female tsetse flies are unable to produce viable larvae when they have mated
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with sexually sterile males (Dyck et al., 2005). To this end, the mass
production of target tsetse fly species is an important step in the technical
components of SIT (Parker, 2005).

The “Centre International de Recherche-Developpement sur I’Elevage
en zones Subhumides” (CIRDES) in Bobo-Dioulasso (Burkina Faso) has been
breeding three tsetse species since 1970: Glossina palpalis gambiensis
(G.p.g), Glossina morsitans submorsitans (G.m.s) and Glossina tachinoides
(G.1). The rearing of these tsetse populations allows, among other things, to
make technologies and biological material available to all those involved in
the control of trypanosomosis. Glossina palpalis gambiensis irradiated pupae
were provided for vector control activities in Burkina Faso and Mali (Mutika
et al., 2013). The demand for sterile male tsetse flies has recently increased,
particularly in the context of Senegal's tsetse eradication project. In Senegal,
approximately 1,000 kmz are concerned for tsetse fly elimination using SIT
(Bouyer et al., 2014; Bouyer et al., 2010). This necessitates a large number of
pupae being produced by tsetse insectariums, including the CIRDES
insectarium. The availability of adequate quality and quantity of blood from
tsetse fly host animals remains a critical issue in the mass production of tsetse
fly pupae. There are two methods for supplying blood meals to tsetse
insectarium: host feeding and artificial membrane feeding. The first is the
breeding of host animals that tsetse flies feed on, such as rabbits and small
ruminants. This method is limited by the high cost of animal management and
the tedious work involved in feeding the flies (Langley, 1971). The second is
a steady supply of blood gathered from slaughterhouses to make up the fresh
blood meals. Whole fresh blood has the advantage of containing all of the
components required for tsetse flies' biological needs. It is an option in
extreme circumstances that is limited by the shelf life of the blood supply,
which should not be more than four days and thus necessitates a frequent
supply. Furthermore, there is a risk of bacterial and chemical (antibiotic)
contamination of the blood at the collection points, compromising the colony
survival and performance (Kaaya et al., 1987). Despite irradiation to eliminate
any microbes in the collected blood, high proportions of dead larvae have often
recorded at the CIRDES insectarium. This necessitates a preliminary control
of the sanitary quality of the blood via biological tests (bio-tests) prior to its
use in feeding the colony. Freezing, defined as the process of preserving the
biological structure and/or functions of living systems through low-
temperature conservation, offers an intriguing solution to the problems
associated with long-term sanitary quality control and preservation of blood
products.

Previous research has shown that feeding tsetse flies blood meal that
has been stored for several months reduces reproductive performance and, as
a result, colony size (Wetzel & Luger, 1978). It would be interesting to know
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if using frozen blood meals for a few months has no effect on the reproductive
performance of the CIRDES G. palpalis gambiensis colony. The use of frozen
bovine blood for several months would reduce pupa production. In this
context, this study examined the effect of blood meal cold storage duration on
the reproductive performance of G. palpalis gambiensis, with the goal of
increasing the insectarium's productivity.

2. Material and methods
2.1. Biological material

The experiments used 720 teneral females and 240 male Glossina
palpalis gambiensis flies from the CIRDES insectary colony. This CIRDES
laboratory colony has been in existence since 1975 and is fed using an in vitro
silicon membrane system. The experiment population was reared under the
normal conditions of the insectary. The feeding schedule was six times per
week, Monday through Saturday, using defibrinated bovine blood collected at
the Bobo-Dioulasso slaughterhouse (Burkina Faso). The flies were kept in the
insectary at 24 - 25°C, 75 - 80 percent relative humidity, and a photoperiod of
12:12 h. (L:D).

2.2.  Blood collection and processing

The blood was obtained from cattle slaughtered on the line, which had
been certified as healthy and of good quality by the slaughterhouse's veterinary
staff. The blood was collected in a mini jerry from the cut neck of the bovine
and then poured into 10-litre sterile containers for defibrination. The goal of
defibrination is to avoid rapid coagulation of the blood. A stainless steel
electric paddle shaker was used to perform defibrination for 10 minutes. Blood
was collected in two-litre bottles (Figure 1) and stored at -18°C overnight. A
72-hour bacterial test was used to assess blood microbial contamination. In
order to perform the bacteriological culture, 1-ml of blood was inoculated into
an agar culture medium at 45°C and incubated in an oven at 37°C. The
microbiological quality of the incubated blood was evaluated by counting the
colonies present with a colony counter (De Beer et al., 2012). After incubation,
batches of blood meals with more than 10 colonies were discarded and
incinerated. The microbiological test does not provide definitive information
about the health history of the slaughtered animals. All blood products retained
after bacteriological testing were irradiated for 1 hour and 40 minutes with
(total dose of 1500 Gy: from 137 Cs source) before being used for tsetse flies
feeding.
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Figure 1. Blood collection in a 2-liter container and labeling for microbial screening

2.3.  Storage of blood meals

The blood meals used in this study were stored as follows. Frozen
blood meal was kept at -18°C in a freezer. Fresh blood meal batches were
stored at 4°C for up to four days before use. The frozen blood batches were
formed in November 2020 (R6), February 2021 (R3), and April 2021,
respectively (R1). This corresponds to the experimental diets listed below: R6
represents blood stored at -18°C for six months, R3 represents blood stored at
-18°C for three months, and R1 represents blood stored at -18°C for one
month. The comparison diet (RO = fresh blood meal) was made up of batches
of fresh blood stored at 4°C and renewed every four days.

2.4.  Experimental design

Sixteen (16) small (4.5 x 13 x 8 cm) teneral females were mated and
fed every day (except Sunday) for 30 days. Flies were mated in a 3:1 sex ratio,
which meant that 30 three-day-old females were mated with 10 five-day-old
males. A 30-day feeding test was conducted for each diet in a randomized
Square Latin arrangement of four cages per line. The cages were individually
placed on a single larviposition box.

2.5. Feeding test

At the beginning and end of the experiment period, 30-day feeding
tests were performed for each diet. For comparison, fresh blood batches stored
at 4°C were used (RO0). Before freezing, the first series of three standard 30-
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day feeding tests were performed to assess the nutritional value of blood meals
(De Beer, Venter and Potgieter, 2012). A preliminary phase of 30-day feeding
tests was performed on November 2020 (diet R6), February 2021 (diet R3),
and March 2021 (diet R1) batches of frozen diets (diet R1). For the batches
R1, R3, and R6, each test was followed by a 2x30-day consecutive test one
month, three months, and six months later, respectively. A diet under control
This second step of experimentation included whole fresh blood meals stored
at 4°C and renewed every four days.

2.6. Biological data collection

Daily biological parameters were collected in order to evaluate the
blood quality factor (QF). Larviposition date, number of pupae deposited,
individual weight of pupae deposited, and number of dead females were all
used to calculate QF (separately fed and unfed females). These variables were
combined in a standard formula to produce a blood meal nutritional quality
(QF) value as an indicator of colony pupae production (De Beer et al., 2012).
The parameters were entered into the blood processing database daily. This
includes the number of dead females (fed and unfed), the number of larvae
deposited (both living and dead larvae), and the weight of pupae, which was
divided into three categories (A: 22 mg, B: 22 to 28 mg, C: 28 to 32 mg, D:
32 to 36 mg, and E: > 36 mg). For the purposes of the study, QF of 1.5 or
above this value was considered acceptable and indicates that the blood regime
is efficient and suitable for the production of quality pupae. The nutritional
quality of each diet was established on the basis of information collected over
30 days period.

2.7. Data analysis

Kaplan-Meier survival curves (Cox, 1972; Tarone, 1975; Tarone and
Ware, 1977) were calculated by taking into account each treatment (consisting
of a cohort of 120 flies), the day of occurrence of each mortality. Each flies'
mortality was recorded separately in an Excel database as an event (death).
Then, coding in the database was performed considering "one" as the
occurrence of mortality recorded in a fly at a given date. For each frozen blood
treatment, QF before and after freezing was compared using the T-student test.
A multivariate analysis of variance model was used to assess the cross-effect
of treatments and flies' feeding status (fed and unfed) on average daily
mortality. Post hoc multiple comparison tests were used to test differences in
the number of pupae per day per initial female (APPFiD) and pupae weight
means (F tests). The Tukey test was used to perform pairwise multiple
comparisons. These tests are based on pairwise linearly independent
comparisons of estimated marginal means. For data analysis, IBM SPSS V20
software was used.
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3. Results
3.1.  Survival rate

Flies were fed frozen blood treatments on artificial membranes for one
month, three months, and six months, with fresh blood control renewed every
four days. During the 60-day monitoring period, there was no significant
difference in fly survival rates between treatments (df: 15; Chi-Square: 7.53;
p-value: 0.941; Figure 2). Thus, mortality rates for the control diet (R0) were
relatively low, at 32.1%, compared to 32.4%, 37.5%, and 38.2% for R3, R6,
and R1. Alternatively, the daily mortality of females before the first
larviposition was not similar (df: 3; F: 68.62; p-value = 0.0001), ranging from
0.6 £ 0.3% (R3) to 2.71 £ 0.9% (R6), with 1.7 + 0.7% for the control (RO).
Furthermore, the analysis revealed that the proportion of dead fed flies in six-
month frozen blood was relatively high (0.27) when compared to whole fresh
blood (0.08) and one-month frozen blood (0.07) (df: 3; F: 3.66; p = 0.013).
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Figure 2. Survival curves of female flies fed with blood meals at different cold storage
times (1: fresh blood 4°C, 2: frozen blood one month, 3: frozen blood three months, 4:
frozen blood six months)

3.2.  Nutritional value of blood

Table 1 summarizes the effect of freeze storage duration on diet QF. A
comparison of the reproductive performance analysis model values (QF)
revealed a decrease in nutritional quality of the frozen blood that correlated
with storage duration (df: 3; T-student: 5.76; S: 0.01 0.05; Table 1).
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Table 1. Nutritional value (QF) of blood meal treatments tested on tsetse flies before and
after freezing

QFs per Test R1 R3 R6
QF Test 1 1.65+0.1 211+0.14 1.29+0.08
QF Test 2 0.94+£0.12 1.43+0.27 1.05+0.11
. T-student: 5.76; T-student: 2.45 S: T-student: 2.93;
T-test (df: 3) S:0.01 <0.05 0.092 > 0.05 S: 0.061 > 0.05

Treatment 1 to 3: frozen bovine blood at - 18 °C for 6 months, 3 months and 1 month, respectively.
QF: an indicator of the nutritional value of the blood meal in tsetse flies colony.

3.3.  Female productivity

The flies fed fresh blood deposited their larvae on average 16.25 days
earlier than the other treatments, where the first larvae were deposited between
days 17 (R1 and R3) and day 18. (R6). After 60 days of rearing, the number
of pupae per initial female was 2.64 (R0), 1.56 (R1), 1.5 (R3), and 1.02 (R6)
(Figure 3). As a result of the decreased nutritional quality of the blood meal,
flies performed poorly on the six-month-old frozen blood meal when
compared to fresh blood meal (df: 3; F: 6.68; p < 0.001; Table 1). The average
pupae weight varied between 22.09 0.3 mg (R3) and 23.37 0.28 g (R0), with
a statistically significant difference (Figure 3; df: 3, F: 3.24, p 0.05). Tukey's
pairwise comparison, on the other hand, revealed comparable mean pupae
weights for R6, R3, and R1 (Figure 4). Fly emergence was relatively low, at
93% for the R6 treatment compared to 96 percent for the R3, 96% for the R1,
and 97% for the R2 (RO).
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0,10
0,05 [-'I—:l

0,00 -+ %

LN N
Blood 3M Blood 6M Fresh Blood Blood 1M

Average number of pupe producedi female/ day
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Figure 3. The average number of pupae per day per initial female (APPFiD) according to
blood meal type after 60 days of feeding (M: month)
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Figure 4. Average weight (mg) of pupae collected according to the duration of the blood
storage. Data with different letters are significantly different (p < 0.05)
(Tukey univariate test)

Discussions

The tsetse species reared at the insectary are fed with frozen blood,
which provides consistent and adequate reserve treatment. Apart from the
environmental breeding parameters that are more or less controllable in the
breeding of these tsetse flies, biological parameters such as survival,
fecundity, pupae size, etc., could be influenced by the nutritional value of the
blood meal.

The survival rate recorded for all experimental blood diets is lower
than the average value of 75.9% (for 50-days period) recorded by (Bauer &
Aigner, 1978) in G. palpalis palpalis colony fed on the membrane with pig
blood. The survival rates recorded for all frozen blood diets were comparable
to those recorded by Camara et al., (2021) in the same insectary and by
Pagabeleguem et al (2021). The survival rate of the control diet constituted
with fresh blood was comparable to the proportion (56%) recorded by Wetzel
& Luger (1978) with G. palpalis palpalis fed on fresh blood. The nutritional
value of the blood meal was lost after a long period of freezing, according to
QF analysis (Wetzel & Luger, 1978). The tsetse fecundity in the control
treatment was higher than the previous results (1.35 and 1.25) obtained with
the same CIRDES insectary (Percoma, 2006). According to Byamungu et al.,
(2011), a poor fecundity of 0.94 pupae per female was recorded after 30-days
test with G. austeni when feeding with 5-year-old frozen blood. As an
alternative to decreasing the nutritional value of frozen blood with negative
consequences on tsetse fly reproduction, the study conducted by Wetzel &
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Luger, (1978) shows that an addition of 10-3 Moles of ATP to the blood meal
improves tsetse fly fecundity. In the absence of ATP, which is relatively
expensive, our results suggest that in terms of blood bank management and for
better colony productivity, the stored blood should be used rapidly once the
results of the 30-day feeding test are available.

Furthermore, our findings show that fresh blood is nutritionally
superior to frozen blood because | flies fed with fresh blood larviposited
earlier, i) these batches of flies produced an average of 25% more pupaes than
the flies in the frozen blood groups, and iii) their pupae weight was greater.
Thus, the study showed a significant decrease in pupae production for the six-
month blood treatment, with high mortality.However, although the control
treatment showed better survival than the other treatments, overall daily losses
of females were abnormally high, i.e. well above the acceptable value of 1.2%
(Gooding et al., 1997). The poor performance of a colony fed with a whole
fresh blood meal be explained in this way if we consider the health problems
concerning bacterial contamination (Bauer & Aigner, 1978; Kaaya et al.,
1987; Wetzel & Luger, 1978) and/or the presence of antibiotic residues at low
doses in the collected blood (Kaaya et al., 1987; Pooda et al., 2013). Using
fresh blood for colony rearing may therefore expose the flies to health risks.
In view of the above-mentioned health issues not elucidated in this study,
research efforts in the insectary colony should focus on the detection of
pathogens and chemical residues that may be present in blood meals before
feeding.

Conclusion

The study provides a template for the possible creation of a frozen
blood bank that could conceivably reduce a continuous supply of slaughter
blood for feeding the tsetse fly colony. To ensure mass production of pupae,
the blood bank must be renewed within a period not exceeding one month after
the feeding test. Nevertheless, additional studies aimed at determining the
maximum time of freezing of the blood meal and at developing technologies
allowing the detection of traces of chemical residues present in fresh blood
meals are necessary for optimal management of the blood meal bank of the
CIRDES insectarium.
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