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In order to eradicate African animal trypanosomosis (AAT), various control strategies, including chemical and biological approaches, 
have been implemented. Among these strategies, the sterile insect technique (SIT) has proven to be more effective for disease 
control in the context of area-wide integrated pest management (AW-IPM). In this context, the Insectarium de Bobo-Dioulasso 
(IBD) was established to fulfil the demand for sterile male tsetse flies. However, the outbreak of the Covid-19 pandemic led to 
the implementation of restrictive measures at the IBD from April to November 2020. In this study, we assess the repercussions 
of these measures on tsetse fly mass rearing activities at the IBD, specifically their impact on environmental parameters, blood 
quantity and quality, colony size, as well as productivity of the two strains of Glossina palpalis gambiensis, namely CIRDES and 
SEIBERSDORF strains. In 2020, the data from the aforementioned variables was collected and subsequently subjected to analysis. 

Restrictive measures due to Covid-19 pandemic did not have discernible adverse effects on environmental conditions of the mass 
rearing rooms. However, a reduction of the volume of collected and utilized blood was observed, leading to a reduction in the flies 
feeding frequency from four to three times a week. Consequently, pupal production decreased, colony size reduced in both strains 
and sterile male pupal shipments for the eradication program in Senegal were paused until the end of the pandemic. Based on these 
findings, precautionary measures have been delineated to tackle a similar crisis it was to arise in the future.
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Dans le but d’éradiquer la trypanosomose animale africaine diverses stratégies de contrôle  incluant des approches chimiques 
et biologiques ont été proposées et mises en œuvre. Parmi ces stratégies, la technique de l'insecte stérile (TIS) s'est avérée plus 
efficace pour le contrôle de la maladie dans le contexte de la lutte intégrée. Dans ce contexte, l'Insectarium de Bobo-Dioulasso 
(IBD) a été créé pour répondre à la demande de mâles stériles de mouches tsé-tsé. Cependant, la crise sanitaire de la pandémie de 
la Covid-19 a engendré la mise en œuvre de mesures restrictives à l'IBD d'avril à novembre 2020. Dans cette étude, nous avons 
évalué les contraintes qu’imposent ces mesures à l'élevage de masse des glossines à l’IBD, notamment leur impact sur les paramètres 
environnementaux, la quantité et la qualité du sang collecté dans les abattoirs, la taille de la colonie et la productivité pour deux 
souches de Glossina palpalis gambiensis, à savoir les souches CIRDES et SEIBERSDORF. En 2020, les données des variables 
susmentionnées ont été collectées et ensuite soumises à l’analyse.

Les mesures restrictives dues à la Covid-19 n'ont pas d'effets négatifs perceptibles sur les conditions environnementales des salles 
d’élevage de masse. Cependant, une réduction du volume de sang collecté et utilisé a été observée, ce qui a entraîné une réduction 
de la fréquence d'alimentation des mouches de quatre à trois fois par semaine. En conséquence, la production de pupes a diminué, 
la taille des colonies a également diminue au niveau des deux souches et les envois de pupes mâles stériles pour le programme 
d’éradication au Sénégal ont été suspendues jusqu'à la fin de la pandémie. Sur la base de ces résultats, des mesures de précaution ont 
été définies pour faire face à d'éventuelles crises similaires à l'avenir. 

Mots clés: Covid-19, Glossina palpalis gambiensis, Productivité, élevage en masse, Burkina Faso 

Introduction

Tsetse flies (Glossinidae: Glossina) represent the biological 
vectors of African trypanosomes, the pathogenic agents 
of sleeping sickness, also known as Human African 
Trypanosomiasis (HAT) in humans, and Nagana or African 
Animal Trypanosomiasis (AAT) in animals (Vreysen et al. 
2013). AAT poses a severe threat to livestock, resulting in the 
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deaths of approximately 3 million cattle, as well as significant 
losses among sheep and goats annually (FAO 2002). Tsetse 
flies are found in 38 sub-Saharan African countries, which 
cover more than 10 million square kilometres, thereby 
impeding the development of sustainable and productive 
agricultural systems (Hursey et Slingenbergh 1995; Swallow 
1999). Annually, AAT leads to high mortality rates (ranging 
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from 10% to 20%) among livestock and a decline in calving 
rate (11% to 20%), meat production (5% to 30%), milk 
production (10% to 20%), and even cultivated area dedicated 
to beef production (33%) (Swallow 1997).

These losses are significantly high due to the fact that the 
distribution of tsetse flies encompasses some of the most 
fertile land, thereby constraining their use for agricultural 
purposes (De La Rocque et Cuisance 2005). Considering the 
food and economic challenges in Burkina Faso, it is crucial 
to enhance the health situation through the control of AAT 
and intensify both animal and agricultural productions. While 
AAT management could theoretically focus on controlling 
the parasite itself, this strategy is limited by widespread 
resistance to the most used trypanocidal drugs (Geerts et al. 
2001; Delespaux et al. 2008) and the absence of effective 
preventative vaccines (Duvallet et al. 2003). Consequently, 
tsetse fly control remains the most economically efficient 
option for managing AAT (FAO 2002).   

The control of AAT through area-wide integrated pest 
management (AW-IPM) approach, incorporating the sterile 
insect technique (SIT) component, has been effective 
in various regions. Notable successes were observed in 
Zanzibar against Glossina austeni (Vreysen et al. 2000), in 
Senegal against Glossina palpalis gambiensis (Vreysen et al. 
2021; Pagabeleguem et al. 2015), in Burkina Faso against 
Glossina morsitans submorsitans, G. palpalis gambiensis, 
and Glossina tachinoides (Cuisance et al. 1984; Politzar et 
Cuisance 1984), and in Nigeria against Glossina palpalis 
palpalis (Takken et al. 1986).

However, the implementation of this technique requires 
several key steps, including mass rearing of the target species, 
followed by sterilization of the males using ionizing radiation. 
Subsequently, these sterile males are released in a sustained 
and sequential way within intervention zones. The mating 
between wild females and sterile males results in the absence of 
offspring, ultimately leading to a reduction in size of the targeted 
population and, in some cases, complete local eradication.

Under the framework of the Pan-African Tsetse and 
Trypanosomiasis Eradication Campaign (PATTEC) (Kabayo 
2002), the program of Burkina Faso, spanning from 2006 to 
2013, achieved remarkable success by reducing G. palpalis 
gambiensis and G. tachinoides densities by approximately 83% 
to 92% across an area of 40,000 square kilometre. Additionally, 
during this period, the program of Burkina Faso established 
and equipped a mass-rearing facility known as the Insectarium 
de Bobo-Dioulasso (IBD) (Percoma et al. 2018). The primary 
objective of the IBD is to produce sterile males to support the 
effort of eradication program in Burkina Faso. Furthermore, 
strategically IBD is positioned to meet the demands of other 
PATTEC-affiliated campaigns in the sub-region countries 
that are implementing control strategies involving the sterile 
insect technique (SIT). Rearing activities at IBD started in June 
2016 with Glossina palpalis gambiensis, and by week 42 of 
2019, the colony had reached a size of approximately 617,600 
females (Pagabeleguem et al. 2021).

The coronavirus disease of 2019 (Covid-19) was a global 

pandemic caused by the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) and has been spreading rapidly 
since its emergence in December 2019 (https://www.who.
int/europe/emergencies/situations/covid-19). In Burkina 
Faso, the first Covid-19 case was reported on March 9, 2020 
(Ndiaga 2020). In response to the confirmation of 40 cases on 
March 20, several protective measures were implemented to 
mitigate the spreading of the virus. These measures included 
the closure of airports and land borders, the imposition of 
a nationwide curfew, the shutdown of shopping centres, 
schools, restaurants and hotels, and restrictions on movement, 
along with city quarantines. Subsequently, work arrangements 
at IBD were restructured, with employees divided into 
two groups and subjected to shift rotations occurring 2 to 
3 times a week instead of the previous 6-day workweek. 
The Covid-19 pandemic has had profound global impacts, 
affecting virtually all sectors (Willy et al. 2020). Like many 
other institutions, IBD was not immune to the effects of the 
pandemic. In this study, we assess the pandemic's impact on 
environmental conditions, the quantity of blood collected 
from slaughterhouses to feed the flies, and the productivity 
of the Glossina palpalis gambiensis colony at IBD during the 
Covid-19 global pandemic.

Materials and methods

Insectarium of Bobo-Dioulasso and daily routine activities

The study was carried out at the Insectarium de Bobo-
Dioualasso (IBD), a specialized institute for mass-rearing of 
tsetse flies. It is a sub-regional facility located in Darsalamy, 15 
km from Bobo-Dioulasso (11 0̊3’32.4’’N and 4 2̊1’10.9’’W), 
Burkina Faso. 

Currently, two species are being mass-reared at the IBD 
namely: G. palpalis gambiensis and G. morsitans submorsitans 
(Pagabeleguem et al. 2021). The tsetse colonies are maintained 
at 24–25 °C and 75 ± 5 % RH with a 12:12 h light:dark 
photoperiod (Feldmann 1994; Pagabeleguem et al. 2023). 
Hobo U14-001 data loggers are placed inside the rooms and 
are programmed to display temperature and relative humidity 
every minute and to record data every 30 min. 

Flies are separated the emergence day by sex using a 4 
°C cold table and mated. The mating was performed into 
standard rearing cage in a ratio of 1 male to 3 females. The 
flies are fed four times a week for ten minutes (Monday, 
Tuesday, Thursday and Friday) using an in vitro silicone 
membrane system with the blood which was heated to 36–37 
°C on controlled aluminium plates of the Tsetse Production 
Unit (TPU4) (Bauer et Wetzel 1976). The bovine blood 
is collected by technicians four times a week at the Bobo-
Dioulasso slaughterhouse and once a month for ten days 
at the Ouagadougou slaughterhouse, frozen at -20 °C and 
irradiated with 1 kGy in a Co60 source of the FOSS 812 
irradiator (Pagabeleguem et al. 2021). The blood quality is 
tested after irradiation through the microbial contamination 
value which is bacteriological cultures on agarose middle 
in petri dishes and incubate at 37 °C for 72 hours. A blood 
batch is considered to be of good quality when the count of 
microbial colonies is fewer than 10. 
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Pupae collection is done on a daily basis and are categorized 
as either normal or aborted L3 pupae 24 hours later. The 
normal pupae undergo weight measurement using an 
electronic balance with a sensitivity of 0.0001 mg and 
automatic calibration (specifically, the Sartorius MSE2 
7S-000-DM Cubis Ultra model). Daily pupal production 
were meticulously documented, stratified by strain, and 
subsequently incubated under controlled conditions at 25 ± 1 
°C with a relative humidity of 75 ± 5%.

Tsetse fly strains 

All experiments were carried out on G. p. gambiensis species 
fed in vitro on silicone membranes. At IBD, two strains of G. 
palpalis gambiensis are maintained according to their origin.

The CIRDES strain originates from the CIRDES (Centre 
International de Recherche-Développement sur l’Élevage en 
zone Subhumide) insectarium in Bobo-Dioulasso. This strain 
was established in Maisons-Alfort, France in 1972 using material 
collected in the field at Guinguette, near Bobo-Dioulasso, 
Burkina Faso. It was then transferred in 1975 to the Centre de 
Recherche et de Trypanosomiases Animales (CRTA), (CRTA is 
the former name of the CIRDES) (Sellin et al. 1979).

The SEIBERSDORF strain was initially established at the 
Insect Pest Control Laboratory (IPCL) of the joint FAO/IAEA 
division in Seibersdorf, Austria, in the year 2009. This strain 
was derived from a pool of 8,000 pupae originating from the 
CIRDES colony. The primary purpose behind establishing 
the SEIBERSDORF strain was akin to that of IBD, primarily 
to support the eradication initiative in the Niayes region of 
Senegal (Mutika et al. 2013).

Subsequently, in 2017, the IBD received a total of 64,213 
pupae from the SEIBERSDORF colony. This influx of pupae 
prompted the establishment of a dedicated colony for mass 
production of the SEIBERSDORF strain at the IBD.

Data collection

Data collection was carried out on a weekly from January to 
November 2020 during the Covid 19 period. Data collected 
concerned environmental conditions, i.e. temperature and 
relative humidity, blood collection and use, colony size and 
female productivity. The data for the environmental parameters 
were recorded using the Hobo U14-001 data loggers. In the 
rearing room, four hobos (data logger) were installed, and 
weekly data were extracted for each hobo for further analysis. 
The quantity of blood collected at the slaughterhouse per outing 
and that used per feeding session were recorded. The quantity 
of blood used per feeding session were also recorded. The size 
of the colony were assessed after weekly mortality check, but 
also the new young tsetse flies that were added to the colony 
after the daily emergence, which also gave an idea of the pupal 
emergence rate. The pupae emergence rate is the total number 
of flies that emerged from the total number of pupae. 

The number of normal pupae per day were assessed after 
collection of pupae from both strains. After collection, the larvae 
L3 and pupae were kept in a room in the above-mentioned 
standard conditions till they grew into pupae. A day following 
collection, the pupae were assessed, and the number of normal 

pupae and soft pupae were recorded according to the strain.

Data analysis

The data collected was entered into a database using Microsoft 
Excel 2016 software. The statistical analyses and the figures 
were performed with the R Software (version 4.0.3) (R Core 
Team 2019) using RStudio (RStudio, PBC. Boston, MA, USA, 
2020). Descriptive statistics were used to determine the means 
and standard deviations of the data. Student's t tests were used 
to compare means. Correlation tests were used to study the 
relationship between variables. For the comparison of variables, 
every difference was considered significant if p < 0.05.

Results

Environmental parameters

During the year 2020, a significant variation of the temperature 
and the relative humidity was recorded from one week to the 
other (χ2 = 8.38, df = 1, p = 0.003 for temperature and χ2 = 
159.52, df = 1, p < 0.0001 for the relative humidity) and room 
(χ2 = 426.87, df = 2, p < 0.0001 for the temperature and χ2 = 
187.89, df = 2, p < 0.0001 for the relative humidity). However, 
the average temperature recorded during the period of Covid-19 
(April to November 2020) was 25.09 ± 0.35 °C with a maximum 
and minimum of 25.86 °C and 24.55 °C respectively. The mean 
relative humidity recorded in rearing rooms were 77.66 ± 4.47 
% with 61.03% as minimum and 78.19% as maximum. During 
the period of this study, the sawtooth variations in temperature 
and relative humidity from one week to another were observed, 
but remained within acceptable ranges (figures 1 and 2). 

Figure 1: Temperature variations in the different rearing rooms during 
the period of this study

Figure 2: Relative humidity trend in the different rearing rooms during 2020
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Impact on the quantity of blood collected

Tsetse flies are hematophagous insects and to ensure the 
maintenance of a tsetse mass rearing, it is essential to have 
a large quantity of high-quality blood. The colony at the IBD 
is maintained through permanent collection of bovine blood 
from local slaughterhouses, in particular Bobo-Dioulasso 
slaughterhouse. The quantity of blood collected in 2020 
shown a monthly average of 804.6 litres, with a maximum 
collection in April (1,341 litres) and a minimum in November 
(463.5 litres) (Figure 3).

The quantity of blood used per month depended on the feeding 
frequency and the size of the colony. This quantity was high 
and almost constant from June onwards in November as 
compared to the other months, with the exception of March.

Impact on the colony size

Assessing changes in colony size is essential for tsetse fly 
rearing. This gives an idea of possible variations over a year. 
During 2020, the size of the colony, which was essentially 
CIRDES and SEIBERSDORF strains, varied considerably. 
The colony size of both strains was almost constant from 1st 
to 17th week, but decreased between the 18th and 34th week, 
which is the period of the Covid-19 locked down (Figure 4).

Impact on female productivity

Productivity is one of the most important factors to consider 
in tsetse fly mass-rearing. Productivity can be influenced by 
several factors, including environmental conditions, the state 
of the colony, the frequency of feeding and the quality of 
the blood provided. From week 1 to 9, normal colony pupae 
production increased in both CIRDES and SEIBERSDORF 
strains. From week 12 to 30, a significant decrease in pupae 
production was observed in both strains and production 

returned to normal after week 30 (Figure 5).

Production of soft pupae were observed over the period 
between week 12 and 14 and over the implementation period 
of Covid-19 measures (Figure 7). The results shown that the 
periods when the soft pupae were important, normal pupae 
production decreased, and vice versa. On average, 3,000 and 
1,000 soft pupae were collected per week for the CIRDES 
and SEIBERSDORF strains, respectively (Figure 6). 

Impact on adult emergence

The emergence of tsetse flies is essential for the renewal of the 
colony. It depends on environmental conditions, as well as the 
quality and quantity of pupae produced. Females emerge two to 
three days before males. Male emergence per week decreased 
from week 17 to week 35 for both strains, and then began to 
increase (Figure 7). During this period, an average of 27,500 
and 10,000 females emerged per week for the CIRDES and 
SEIBERSDORF strains, respectively. (Figure 7).

Discussion

This study aimed to highlight the impact of the Covid-19 

Figure 3: Quantity of bovine blood collected per month in 2020

Figure 4: Evolution of the size of the two colonies in 2020

Figure 5: Production of normal pupae per week in the two colonies in 2020

Figure 6: Production of soft pupae per week of the two colonies in 2020

Figure 7: Impact on adult emergence. a males emerged for the CIRDES 
strain, b males emerged for the SEIBERSDORF strain, c females emerged 
for the CIRDES strain, d males emerged for the SEIBERSDORF strain.
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pandemic on Insectarium de Bobo-Dioulasso (IBD), engaged 
in mass rearing of tsetse flies for the sterile insect technique 
application in Africa and research programmes. The IBD was 
constructed as part of the first phase of PATTEC Burkina 
Faso (Percoma et al. 2018). The IBD-CETT's mission is to 
eradicate the tsetse fly to drive trypanosomosis out of Burkina 
Faso and the sub-region. The insectarium has a production 
capacity of 1,000,000 sterile males per week with the aim to 
support national and sub-regional control programmes. The 
recent programme supported in the sub-region contributed to 
the ongoing eradication of Glossina palpalis gambiensis in 
the Niayes region, Senegal (Vreysen et al. 2021), where since 
2017, the IBD has supplied about 8.5 million sterile male 
G. palpalis gambiensis pupae in support of the Senegalese 
programme (Pagabeleguem et al. 2023).

The present study showed the impact of Covid-19 on the mass 
rearing of tsetse flies and the need to setting up a crisis response 
and management plan. In 2020, the recorded conditions in 
the breeding room, such as temperature and relative humidity, 
averaged 25.09 °C and 77.66 %, respectively. These recorded 
values are in line with Feldmann's (1994) norms for a tsetse 
breeding room as well as the recent environmental conditions 
assessed at IBD by Dera et al. (2023). This proves that, IBD 
has the equipment needed to maintain good environmental 
conditions in a tsetse rearing rooms and their maintenance 
is accurate. The rooms are equipped with air conditioners 
set to maintain the temperature at 25 ± 1 °C, humidifiers to 
maintain the relative humidity at 75 ± 5 %, and data loggers 
set to make simultaneous recordings of the room's humidity 
and temperature.

Covid-19 had an impact on the quantity of blood collected 
and used to feed the tsetse flies at the facility. First, there was 
a decrease in the quantity of blood collected, which could be 
explained by the COVID-19 restrictive measures, which led 
to a general lockdown, the IBD administration had to reduce 
the number of technicians involved in collection activities, 
as well as the frequency of collection. The number of cattle 
slaughtered each day also reduced, because many markets 
were closed due to the lockdown. As a result, led to an impact 
on the quantity of blood collected by the technicians in a 
collection session. The reduction in the quantity of blood 
collected had inevitably a negative impact on the quantity of 
blood used to feed the tsetse flies. There was a decrease from 
May to June, which corresponds to the start of the lockdown. 
As the quantity of blood was reduced, measures were taken 
by the administration to considerably reduce the quantity of 
blood required by reducing the frequency of feeding from 4 
to 3 times a week, and by reducing the size of the colony in 
order to maintain it at a manageable size during the crisis. 
These measures have had a negative impact on the colony 
sizes of CIRDES and SEIBERSDORF strains, which have 
reduced considerably.

The decrease in the feeding frequency has undoubtedly led 
to a drop in the production of normal pupae in females and 
an increase in the production of soft pupae. These results 
corroborate the findings by Pagabeleguem et al. (2021) and 
Tsegaye et al. (2020) who observed also that only three blood 

meals per week affecting the mass rearing production (high 
mortality and low fecundity). Indeed, studies carried out at 
the Ethiopian Tsetse Eradication Project (STEP) facility on 
Glossina palidipes showed that the fecundity and survival 
of females were significantly lower under a feeding regime 
of three times a week than under a feeding regime of five 
times a week (Tsegaye et al. 2020). At the IBD, four blood 
meals per week have been administered to the all colonies 
since December 2018 (Pagabeleguem et al. 2021), however, 
Covid-19 restrictions again led to a reduction in feeding 
frequency to three, with the above-mentioned consequences 
for the colonies. 

Normal pupae production by the CIRDES strain was almost 
double in comparison to of the SEIBERSDORF strain. 
Indeed, the CIRDES strain was the first to be established to 
the IBD at the start of rearing in 2016, with pupae from the 
CIRDES insectarium in the same locality in Bobo-Dioulasso. 
The SEIBERSDORF strain was therefore established from 
pupae received from the Insect Pest Control Laboratory 
(Seibersdorf, Austria) one year later. However, according to 
Toe et al. (2021), the SEIBERSDORF strain had better pupal 
productivity and survival than the CIRDES strain. 

Under PATTEC initiative, the Government of Senegal 
initiated, tsetse flies eradication program in the Niayes area 
using area-wide integrated pest management approaches with 
the SIT component (Bouyer et al. 2010; Vreysen et al. 2021). 
For the SIT component, since 2017 an agreement was made 
with the IBD to mass-produce G. palpalis gambiensis in order 
to provide the Senegalese program with 50,000 sterile male 
pupae weekly (Pagabeleguem et al. 2021). The Covid-19 
restrictions not only had an impact on the Senegalese project 
but also on the IBD financial capacities. With the reduction 
in colony size, the quantities of sterile pupae sent per week 
were considerably reduced, and worse, with the closure of the 
country borders, pupae delivery was interrupted.  

In the absence of a significant correlation between production 
parameters and environmental factors, the decrease in the 
production of normal pupae and the increase in soft pupae 
may also be due to the quality of blood distributed to tsetse 
flies. To date, no data are available on the control of blood 
quality for drug residues. Previous studies has shown that 
antibiotic residues destroy intestinal and ovarian symbionts 
(Wigglesworthia, Sodalis and Wolbachia) (Itard et Bauer 
1984), thus compromising the productivity and survival 
of female tsetse (Pais et al. 2008; Weiss et Aksoy 2011). 
It has been shown that female tsetse populations lacking 
Wigglesworthia become sterile and succumb rapidly to 
trypanosome infection, but this is not the case in males. Tsetse 
collection and feeding procedures can have a significant 
influence on the maintenance and production of female tsetse 
(FAO/IAEA 2006). In view of the above findings, measures 
must be taken to ensure good practices for the maintenance 
of a healthy tsetse colony. To achieve this, thorough testing 
must be carried out to ascertain the quality of the blood before 
feeding tsetse flies.

IBD is therefore obliged to collect as much blood as possible 
to be able to carry out various quality tests. This will also 
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make it possible to deal with any similar crisis, which almost 
halted the insectarium's activities, hence the negative impact 
on the colony. 

Conclusion

The Covid-19 had a negative impact on various organisations 
around the world. The maintenance of the colony of the tsetse 
strains was affected by a decrease in the production of normal 
pupae and an increase in soft pupae, due to a reduction in 
the quantity and quality of blood distributed to the tsetse, 
combined with the reduced feeding frequency. To deal with 
similar crisis in the future, precautionary measures need to 
be taken by the IBD administration in collaboration with 
partners as the IBD plays a key role in the programme to 
eradicate animal trypanosomiasis and the tsetse fly in West 
African countries,.
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