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Introduction

Human African Trypanosomiasis (HAT or sleeping sickness) is a parasitic disease primarily caused by the pathogen Trypanosoma brucei gambiense (but also T. b. rhodesiense in 2% of the cases) that is transmitted by the Glossina tsetse fly vector. This genus includes several groups, Morsitans, Palpalis and Fusca, each with several species, some of which themselves include several subspecies. Overall, these groups occupy distinct geographical areas / ecological niches, respectively: mainly savanna and open woodland in East Africa (Morsitans group), mainly riverine and lakeshore habitats in West and Central Africa (Palpalis group) and mainly forest areas of West and Central Africa (Fusca group) [START_REF] Who | Strategic review of traps and targets for tsetse and African Trypanosomiasis control[END_REF]. This distribution are not strict so that subspecies belonging to distinct groups may co-inhabit in a same site. Thus, for example, an epidemiological survey carried out in Cameroon allowed identifying in the Campo focus three representatives of the Palpalis group (Glossina palpalis palpalis, G. pallicera, G. caliginea) and a representative of the Fusca group (G. nigrofusca), while 150 km away, in the focus of Bipindi, only G. p. palpalis was identified [START_REF] Farikou | Tsetse fly blood meal modification and trypanosome identification in two sleeping sickness foci in the forest of southern Cameroon[END_REF].

The survey we carried out in the suburbs of Kinshasa, targeted the Palpalis group of which several subspecies transmit T. b. gambiense in West and Central Africa. This punctual survey is part of WHO's concern to eliminate HAT which requires not only the implementation of means of fight against the disease, but also means of control of their effectiveness: regular epidemiological surveys carried out with detection tools both easy to use and the most sensitive possible.

In fact, HAT decimated the population of Central Africa by the end of the nineteenth century.

Subsequently, under the action of the authorities, the disease was controlled, up until the 1960s.

A new endemic period then reached its peak by the end of the twentieth century. Through national and international concerted efforts, HAT is under control, the WHO having set the goals of T. b. gambiense -HAT elimination, the interruption of transmission from Glossina spp. to humans being thought to be attainable over two next decades. As regards Kinshasa city and province, by the end of the 1950s, approximately thirty cases of HAT had been diagnosed in the city of Kinshasa. Between 1996 and2000, 2,451 cases of sleeping sickness were diagnosed in the Kinshasa Province [START_REF] Ebeja | Sleeping sickness in the region of the town of Kinshasa: a retrospective analysis during the surveillance period 1996-2000[END_REF] and from 2000 to 2012, 4,137 cases were reported; nevertheless a 79% decline in the number of cases was reported by the end of this period [START_REF] Lumbala | Human African trypanosomiasis in the Democratic Republic of the Congo: disease distribution and risk[END_REF]. About 60% of the cases detected in the nineties were distributed over 3 districts, among them Kisenso, located about 10 km south of the city center, and which is the only one within the urban perimeter [START_REF] De Deken | Trypanosomiasis in Kinshasa: distribution of the vector, Glossina fuscipes quanzensis, and risk of transmission in the peri-urban area[END_REF]. Paradoxically, [START_REF] Robays | Human African trypanosomiasis amongst urban residents in Kinshasa: a case-control study[END_REF] showed that most of these patients were living in HAT endemic provinces (Bandundu in particular) before joining Kisenso. In 2001, a vector control device was utilized along the Ndjili River that crosses the city from the south to the north (particularly through the Kisenso district), and the distribution of the tsetse population in Kinshasa was described inside a peripheral belt [START_REF] De Deken | Trypanosomiasis in Kinshasa: distribution of the vector, Glossina fuscipes quanzensis, and risk of transmission in the peri-urban area[END_REF]. An entomological study from the same period used PCR to reveal the presence of an active T. b. gambiense reservoir, located particularly near pigsties in the city's periphery, particularly in Mambre and Ndjili Brasserie districts [START_REF] Simo | Human African trypanosomiasis transmission, Kinshasa, Democratic Republic of Congo[END_REF][START_REF] Grébaut | Characterization of sleeping sickness transmission sites in rural and periurban areas of Kinshasa (République Démocratique du Congo)[END_REF]. More recently, the National Control Program of the Kinshasa province diagnosed 21 HAT cases between 2015 and 2017 in the district of Ndjili Brasserie. Finally, the disease is in sharp decline and the trend is for its elimination in Kinshasa and its region; however, the disease is still present.

The objective of present survey was to test the effectiveness of xenomitoting to detect the presence of trypanosome in tsetse flies caught in the field. However, the major interest was to gain a new assessment of the situation in the suburbs of Kinshasa, on sites investigated nearly a decade ago. Tsetse flies were identified, their density assessed as well as the prevalence of flies infected with Trypanosoma brucei, T. b. gambiense and / or T. congolense (forest and savannah types). T. congolense was included in this study, owing that it is the agent of animal trypanosomiasis that causes much significant losses to agriculture. 6

Material and Methods

Study Area

Kinshasa is the capital of the Democratic Republic of Congo (DRC). Kinshasa Province has an area surface of 9,965 km². Despite Kinshasa city area represents only 10% of the province surface, the remaining 90% being rural, most of the 12 million inhabitants of the province are living in the capital. The study area is located in southeast of Kinshasa, and extends between 4°27'58"S and 4°31'30"S, and between 15°21'17"E and 15°23'08"E. We employed a transect that extended approximately ten kilometers along the Ndjili River and Nsanda road, between the end of the Ndjili Brasserie district and the village of Nganda PIO (Figure 1). Nsanda road is a major way that connects Kinshasa to the Congo Central province. The NCP was the only public organism that performed an active medical survey in this area in 2015. Three sites were selected for the study: Ndjili Brasserie, Manzanza, and Nganda PIO. Several pigsties are present in this non-urbanized area where people produce food crop.

Entomological Survey

The survey was performed in July 2014. Forty-one pyramidal traps were established during two days in the sites that are most favorable to tsetse flies, and the traps were geo-referenced. Tsetse flies were collected twice a day, counted and sorted by gender. Fresh flies were dissected, and their midguts were isolated for subsequent PCR detection of trypanosome infections. As the survey was conducted in the context of a Glossina symbiont research project, the flies were dissected under RNAse free conditions, and slides and dissecting clamps were treated with DEPC (SIGMA®). The midgut isolation procedure was performed using RNAse Away (AMBION ®) at the laboratory. All isolated midguts were stored separately at room temperature in RNAlater solution (Thermo Fisher Scientific ®) until their analysis.

Molecular Analysis

DNA extraction

DNA, RNA and proteins were extracted using the NucleoSpin TriPrep kit (MACHEREY NAGEL®). Samples were lysed by stirring with glass beads in safe-locked tubes with a lysis buffer, and then centrifuged at 14,000g for 2 min. Supernatant was transferred into new 1.5 ml tubes, mixed with 350 µl of 70% ethanol. The mixture was then transferred onto columns that were centrifuged 30 s at 11,000g (30 s), according to the manufacturer's recommendations.

Next, columns were washed with 550 µl DNA wash and centrifuged at 11,000g for 1 min, followed by an additional washing and centrifugation. Columns were dried for several minutes and then eluted with 100 µl of DNA Elute solution (5 min) at room temperature. DNA was recovered in the supernatant after a 5 mn centrifugation of the eluate at 11,000g.

PCR

DNA amplification was performed as previously described by the authors, using primers specific for, respectively, the trypanosome subgenera Trypanozoon [START_REF] Masiga | Sensitive detection of trypanosomes in tsetse flies by DNA amplification[END_REF][START_REF] Radwanska | Novel primer sequences for polymerase chain reaction-based detection of Trypanosoma brucei gambiense[END_REF] and Nanomonas [START_REF] Moser | Detection of Trypanosoma congolense and Trypanosoma brucei subspecies by DNA amplification using the polymerase chain reaction[END_REF] (Table 1).

Samples for amplification were prepared in a total volume of 25 µl containing 2.5 μl of PCR buffer 10X [10mM Tris -HCl (pH 9.0), 50 mM KCl, 3 mM MgCl2], 10 pmol of each primer (TCF, TCS or TBR), 10 mM of dNTPs, one unit of Taq DNA polymerase (Appligene-Oncor®), sterile water, and 20 ng DNA extract. Sample amplification consisted in a pre-denaturation step at 95°C for 3 min, followed by 40 cycles of denaturation at 95°C (30 s), primer hybridization at 55°C (30 s) and elongation at 72°C (1 min), and a final elongation step at 72°C (5 min). The amplification products were resolved on a 2% agarose gel containing Cybergreen (0.3 μg/ml).

Electrophoresis was performed in 1X TBE buffer at 120V and 25 mA for 0.5 hour, and DNA bands were visualized under UV light.

For TBR-positive samples, an additional PCR was performed as described by [START_REF] Radwanska | Novel primer sequences for polymerase chain reaction-based detection of Trypanosoma brucei gambiense[END_REF], using TgSGP. This primer pair amplifies a 310 bp sequence that is specific to T. b. gambiense.

Results

G. fuscipes quanzensis was the only tsetse species observed among the 245 specimens caught, as expected. The average Apparent Density per Trap and per day (ADT) was 3 tsetse flies, with maximum ADT values of 5.6 flies in Nganda PIO, 2 in Ndjili Brasserie and 1.4 in Manzanza.

Seven flies were degraded and their sex was unknown, 135 were females and 103 males, giving a 1.3 sex ratio. 124 flies were fresh enough to be dissected and preserved. 71/124 (57.2%) of the analyzed flies were positive to trypanosomes infections. Using the TBR marker, 17/124 (13.7%) flies were positive for Trypanozoon, 16 from Nganda PIO and one from Manzanza. These 17 TBR-positive samples were tested with TgSGP, and 3 samples (3/124, 2.4%) were positive (Figure 2), but these three flies were mixed infected since they were also positive for T. congolense Forest type. These 3 flies were caught in the same trap in Nganda PIO.

T. congolense infections were present in 53.2% (66/124) of the analyzed flies and represented 93% (66/71) of the infections. Including mixed infections, 54/124 (43.5%) flies were positive for TCF and 22/124 (17.7%) were positive for TCS. Among them, 8 flies were positive for both TCF and TBR, 1 for both TCS and TBR, 7 for both TCF and TCS, and 3 positive for the three subspecies, indicating the presence of 19/124 (26.8%) of mixed infections (Figure 3).

As observed for Trypanozoon, most Nanomonas infections were observed in Nganda PIO (48/66; 73%) in comparison to the other two sites.

Discussion

Specific comments

Our study illustrates that high tsetse fly densities are present in the periphery of Kinshasa.

Although the investigations were focused only on T. brucei, T. b. gambiense and T. congolense, and did not include some other trypanosome species, the results show that, in several sites, the prevalence of flies infected with trypanosomes of human and animal health importance exceeds 50% and can even reach 73%. G. fuscipes was the only tsetse species that we could trap, which is in line with data previously reported by De Deken et al. ( 2005) and [START_REF] Simo | Human African trypanosomiasis transmission, Kinshasa, Democratic Republic of Congo[END_REF]. This lack of species diversity could be due to specific ecological conditions which could favor the G. fuscipes populations development. It could also result from a former inter-specific competition between different tsetse flies species as it was previously shown for G. palpalis and G. fuscipes in Cameroon [START_REF] Mouchet | Distribution géographique et écologique de Glossina palpalis palpalis ROB.-DESV. et Glossina fuscipes fuscipes NEWST. au Cameroun[END_REF] and Congo (Laveissière et al., 1997).

This study can be considered as an extension to the work realized several years before [START_REF] De Deken | Trypanosomiasis in Kinshasa: distribution of the vector, Glossina fuscipes quanzensis, and risk of transmission in the peri-urban area[END_REF][START_REF] Simo | Human African trypanosomiasis transmission, Kinshasa, Democratic Republic of Congo[END_REF][START_REF] Grébaut | Characterization of sleeping sickness transmission sites in rural and periurban areas of Kinshasa (République Démocratique du Congo)[END_REF] on the areas at risk for HAT transmission including the Kinshasa periurban areas. The presence of T. b. gambiense in the flies' saliva was not investigated, nevertheless its presence in the midgut of tsetse flies strongly indicates the possibility of parasite transmission to humans. In fact, such transmission really occurred since, in 2015, 6 HAT cases were diagnosed in Manzanza and 2 in Nganda PIO, the sites where our study was conducted in 2014. Besides, this observation gives evidence of the efficiency of xenomonitoring, and confirms that active transmission of T. b. gambiense to humans took place in this area at the time of the study.

The tsetse fly density combined with an exceptional rate of Nanomonas infection (53.2%) provides evidence of a legitimate animal health problem in the pigsties of the Kinshasa region.

Among the 3 sites, Nganda PIO appears particularly well-suited to attracting vectors and harbor trypanosomes: an ADT value of 5.6 is quite significant, and indicates that tsetse flies live under favorable conditions in this area (as exemplified by the pigsties observed in Nganda PIO). The identification of 3 flies infected with the human pathogen T. b. gambiense may indicate that there was probably a reservoir prevailing in pigs.

We did not realized analysis to identify the blood meal providers of tsetse flies, nevertheless, animal reservoirs are part of the reality of any sleeping sickness focus [START_REF] Funk | Identifying transmission cycles at the human-animal interface: the role of animal reservoirs in maintaining gambiense human african trypanosomiasis[END_REF].

Although technically a reservoir cannot last more than 4 months in pigs [START_REF] Penchenier | Spontaneous cure of domestic pigs experimentally infected by Trypanosoma brucei gambiense. Implications for the control of sleeping sickness[END_REF], this time span is long enough to allow parasite transmission to people and/or to animals living in the same area. Today, pigsties are an essential part of food providing for urban populations, and there have been calls to increase their numbers.

The need of regular epidemiological survey

Regarding the Kinshasa suburban foci, particular attention must be given by local veterinary and health departments in order to control the risk of disease expansion, as previously discussed [START_REF] Simo | Human African trypanosomiasis transmission, Kinshasa, Democratic Republic of Congo[END_REF] for suburbs closer to Kinshasa. This is also the perfect illustration of the "One Health" concept, where the protection of pigsties by vector control could help preventing trypanosomes transmission in the suburbs of one of Africa's largest cities.

From a more general point of view. According to WHO, elimination of sleeping sickness though to be attainable within the next two decades; the evolution of the number of new cases is in line with this goal. But elimination does not mean eradication. Yet, this objective could be delayed if epidemiologists would neglect to inventory areas where perpetuate the so-called non-human mammal reservoirs of trypanosomes, including T. b. gambiense pathogenic for humans. Many publications report on such reservoirs, which can multiply owing that tsetse flies feed on a wide range of animal species to which they can transmit the parasite they may harbor. Such observations were made in Cameroon [START_REF] Njiokou | A study of host preference in tsetse flies using a modified heteroduplex PCR-based method[END_REF][START_REF] Njiokou | Wild fauna as a probable animal reservoir for Trypanosoma brucei gambiense in Cameroon[END_REF][START_REF] Simo | Tsetse fly host preference from sleeping sickness foci in Cameroon: Epidemiological implications[END_REF] and show the adaptability of tsetse in terms of food resources [START_REF] Farikou | Tsetse fly blood meal modification and trypanosome identification in two sleeping sickness foci in the forest of southern Cameroon[END_REF].

Moreover, the occurrence of exchanges between populations of tsetse flies (evidenced by a slight gene flow), and thus potentially of trypanosomes, between foci relatively distant from each other has been demonstrated [START_REF] Farikou | Genetic diversity and population structure of the secondary symbiont of tsetse flies, Sodalis glossinidius, in sleeping sickness foci in Cameroon[END_REF]. Besides, scientists report more and more on the occurrence of cases of asymptomatic human patients and of healthy human carriers, and point out on the risks they may present in contributing to perpetuate sleeping sickness (for review see: [START_REF] Barrett | The elimination of human African trypanosomiasis is in sight: Report from the third WHO stakeholders meeting on elimination of gambiense human African trypanosomiasis[END_REF][START_REF] Büscher | Do Cryptic Reservoirs Threaten Gambiense-Sleeping Sickness Elimination?[END_REF][START_REF] Mehlitz | The elimination of Trypanosoma brucei gambiense? Challenges of reservoir hosts and transmission cycles: Expect the unexpected[END_REF]. Moreover, [START_REF] Mehlitz | The elimination of Trypanosoma brucei gambiense? Challenges of reservoir hosts and transmission cycles: Expect the unexpected[END_REF] evoke non-tsetse modes of T. b. gambiense transmissions, namely mother to child and sexual transmissions, and sound the alarm: "expect the unexpected"! Within this general framework, the epidemiological study that we carried out appears to be very punctual. Nevertheless, it is only by gathering a very large set of specific / punctual observations that one may be able to draw a general overview of the real global situation.

Regarding our study, it demonstrates some suburban Kinshasa areas to be still HAT active foci which means that there is a remaining risk to humans and animals. Thus, there is a need for further and regular epidemiological investigations, just as, more generally, there is a need to continue to improve the diagnosis tools, as well as those used to fight against sleeping sickness. 
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