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Abstract
This paper summarises efforts to control Sleeping sickness [Human African Trypanosomiasis (HAT)]
by Tsetse flies and Trypanosomiaisis (T & T) control for the 7 consecutive years although started a
decade ago in Tanzania National Parks (TANAPA). These efforts are critical for curbing HAT incidences and HAT epidemics. HAT cases have had profound negative impacts on human health, affecting local residents and international travel as well as tourism industry resulting into human
and animal health burden and reduction in tourism income. Understanding the current efforts is
essential in the proper planning and decision making on developing effective control strategy
against T & T control. In this paper, we summarize the recent efforts in the control of T & T in National Parks and discuss the constraints faced. The information will enable TANAPA and other concerned authorities to make informed decision on optimal ways of controlling HAT in National
Parks. The results show that much control efforts have so far concentrated in Serengeti, Ruaha,
Tarangire and Katavi National Parks where tsetse fly challenges are high. A total 21,143 (average
3020) Insecticide Treated Targets (ITT) were deployed in different areas in the parks and 82,899
(average 20,725) cars entering these parks were sprayed from 2007/2008 to 2014/2015 and
2007/2008 to 2010/2011 respectively. Deployed ITTs lead to a drastic reduction of FTDs of the
two dominant tsetse species to 1.3 and 1.4 of G. swynnertoni and G. pallidipes respectively, and the
decline was significant at P = 0.011. The major challenges faced include tsetse re-invasion in controlled areas; resurgence of HAT cases when control efforts are relaxed, ITT maintenance and in*
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adequate health education programs. The control strategy should be continuous and scaled up as
failure to implement an effective and sustainable system for HAT control will increase the risk of
new epidemic that would impede tourism development.
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1. Introduction
Tanzania National Parks (TANAPA) has a number of parks with suitable tsetse habitat (vegetations) which
supports tsetse fly infestation. Tsetse flies belong to the genus Glossina and family Glossinadae. The genus
Glossina includes species of the Fusca group that mainly inhabit forests whereas the Palpalis group inhabit the
riverine vegetation. The Morsitans group inhabit mainly the savannah vegetation [1] [2]. In Tanzania, the Morsitans is the dominant group and is found almost throughout the country where the habitat support tsetse survival;
whereas the Palpalis group is restricted around the Lake shore of Lake Victoria (G. f. fuscipes) and Lake shore
of Tanganyika (G. f. fuscipes and G. f. martini).
Studies that were carried out mainly in Serengeti and Tarangire National Parks showed that the tsetse dominant species in these parks were Glossina swynnertoni and G. pallidipes [3]-[5]. G. swynnertoni is limited
mainly in bushy areas and G. pallidipes is mainly in the thickets and open areas. The two species including G.
brevipalpis, G. m. morsitans and G. longipennis transmit animal and human trypanosomiasis caused by four
major salivarian trypanosomes namely T. congolense, T. vivax and T. brucei brucei for animals and T.b. rhodesiense for humans [4] [6]-[9].
Sleeping sickness or HAT in East Africa is caused by Trypanosoma brucei rhodesiense which cause acute
form of the disease. The impacts of the disease are immense as a cause of morbidity and mortality in animal and
human populations. It also leads to economic losses as it affects tourist arrivals. Worldwide records show that
from 1995 to 2010 a total of 75 international HAT cases involved travellers that had once visited African countries (NIMR unpubl.; TANAPA unpubl.; [10]). Strikingly, more than half (57.3%) of these cases had visited
Tanzanian Parks [10].
In Tanzania, a total of 2897 HAT cases were diagnosed between 1995 and 2010 (NIMR, 2010). Records also
show that six residents contracted HAT between 2001 and 2008 in Serengeti National Park of which two died
(TANAPA unpubl.). Besides, there have been complaints of tsetse bites by visitors and park’s residents in Tanzania parks over the years. The data revealed a continued high public health risk due HAT transmission from
tsetse flies to both local residents and international tourists visiting national parks [11].
The continued high risk of HAT in the prime Tanzanian tourist’s destinations; posse high threat to the competing
tourism industry in the Eastern African region and the world at large. Given the fact that tourism is one of the leading economic sectors in Tanzania contributing between 17.5% and 25% of GDP and foreign currency, respectively
[12] tourism industry needs appropriate attention to address the HAT risk particularly in National Parks. If tourist
arrivals decline, the tourism related revenue will definitely drop. The political and socio-economic implications
of HAT to Tanzanian tourism industry and the economy as a whole are therefore huge and multifaceted.
In recognition of HAT problem to individuals living within the parks, adjacent areas and tourism industry,
there have been some ongoing local control efforts in Tanzanian National Parks for years [13]. Although, TANAPA
has been involved in controlling tsetse flies since 2002, the available information is fragmented.
This paper therefore consolidates TANAPA’s effort of controlling HAT as a tool for informed future work on
HAT control within the Parks and in similarly affected protected areas elsewhere. HAT control in Tanzania will
definitely improve tourism industry and local livelihoods in infested areas and contribute towards the attainment
of Millennium Development Goals and make Tanzanian parks a safe tourist destination.

2. HAT Control Approaches
In general tsetse flies are active during daytime and are attracted from a distance by blue colour however, tsetse
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will land on a black surface and horizontal oblongs are preferred more than the vertical ones (NRI) and also are
attracted to the motion of vehicles [14]-[17]. The attraction to motion of vehicles is what has necessitated spraying vehicles with Deltamethrin.

3. Insecticide Treated Targets (ITTs)
The main HAT control approach has been to use Insecticide Treated Targets (ITT). The ITT’s are rectangular
(1.0 × 1.0 m or 1.5 × 1.0 m) black-blue-black or blue-black-blue cloth (Figure 1), treated with Glossinex 200
SC® (20% Deltamethrin) or Decatix® (5% Deltamethrin). The targets are fully soaked in insecticide containers
for about 10 minutes; sometimes the insecticide is applied on the black portion only where tsetse are elicited to
prefer to land. This selective application allows the amount of insecticide required to be reduced. After treatment,
the targets are spread under the shade for complete dryness and then wrapped in plastic bags ready for field deployment. Deployed ITTs are also baited with acetone as a fly attractant at a rate of 20 ml per target to lure flies
to land on the ITTs. Retreatment is done at an interval of about six months during the dry season and 2 - 4
months during the wet season. The targets are often deployed in tsetse habitat mainly along the tourist circuits/roads and Park staff residential quarters, lodges, camping sites, picnic sites and scenery viewing points.
The targets are placed about 100 m apart.

4. Vehicles Spraying
In addition to the ITT’s, vehicles entering and travelling in the Parks are sprayed with insecticides to serve as
moving targets. This serves to control flies in areas without cloth targets and especially to attract flies that follow
moving objects. The lower half of a vehicle is sprayed with approximately [4 ml of Glossinex® mixed with water in a 16 L using (i.e. 0.25 ml/L)] using hand held pumps.

5. Monitoring Tsetse Density
Monitoring tsetse control is essential to decide upon the most effective control strategy. Among the different
types of the tsetse fly traps available, the preferred traps by TANAPA are Biconical [18] and NGU [19]. Retaining traps particularly biconical are interspaced with ITTs at every 200 m in order to monitor changes in tsetse
density and distribution over time. This is essential as one measure of the effectiveness of HAT control efforts
being undertaken by targeting the vector. Monitoring traps are emptied after every 24 hours during the pre control phase for two days and or after every one week during the control period for six month. However for comparison purposes, data from the control phase was collected for two days.

Figure 1. Insecticide Treated Target deployment in the field.
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Before the implementation of the control program by ITTs, trapped tsetse were sorted out into respective species and recorded [20]. The recorded information gave the type of species found in the area, and the apparent
densities of each species
Although tsetse traps can be used for tsetse control especially when treated with insecticide, traps in the parks
are only used for monitoring changes in tsetse density and distribution and also when there is a need for assessment of the performance or effectiveness of the targets.

6. Monitoring and Capacity Strengthening of HAT Diagnosis
Besides tsetse fly density profiles another important proxy indicator of the effectiveness of the IIT is the reduced
human cases of HAT. Capacity strengthening in the diagnosis of HAT had been ongoing especially in Serengeti
National Park that had reported largest number of human cases both in tourists and local residents. This is being
implemented in collaboration with the ministry of Health and Social Welfare (MoHSW) in Tanzania. It includes
training for diagnosis and management of HAT cases in the health facilities within the parks, adjacent to the
parks as well as the referral hospitals along the tsetse belt in the country where most tourists had been seeking
general health care and specific health care whenever HAT transmission was suspicious. Furthermore, TANAPA
had maintained the availability of consumables/reagents and equipments for the diagnosis and management of
HAT in the parks.
TANAPA in collaboration with the MoHSW has conducted regular surveillance of HAT in individuals working within the parks for prompt appropriate actions. The drugs for managing the cases of HAT are supplied under the support of WHO and therefore the patients incur no cost related to drugs. Additional activities that had
been carried out during the regular surveillance of HAT included the health education. Other activities in collaborations with the Ministry of Livestock and Fisheries Development include monitoring the disease prevalence in domesticated host which have been found to habour African Trypanosomiasis causative parasites [21]
[22].

7. Data Sources
Data on tsetse control and thus HAT, are mainly from 5 Tanzanian National Parks of Serengeti, Ruaha, Tarangire, Katavi and Mikumi (Figure 2) spanning 2007/2008-2014/2015. This is because most HAT control activities are conducted in these Parks compared to the remaining nine parks. Information on vector control was
gathered from both regular TANAPA official reports and from published material, supplemented by informal
interviews with key informants (Veterinarians and Ecologists) responsible for HAT control.

8. Results
A total of 10 biconical traps were deployed before the initiation of the control program at two sites for two days
and flies collected every day. The apparent density for flies during the control phase for both species declined to
a significance of P = 0.011. The apparent density for flies during the pre control as well as the control phase is as
indicated in Table 1.
During the period 2007-2013 a total of 21143ITT were deployed in the eight National Parks. However, deployment was highest in Serengeti followed by Ruaha and Katavi National Park, Tarangire and Mikumi in descending order. The mean annual ITTs deployment for each park is shown in Table 2 in brackets. Ruaha deployed about 1048 ITTs followed by 868 in Serengeti (Table 2). More vehicles were also sprayed in Serengeti,
Tarangire and Katavi in descending order (Table 3).

9. Discussion
Vector control activities were consistent between 2007/2008 to 2010/2011 however from 2012 there was a declining trend on the efforts for controlling tsetse. We speculate the sudden rise in HAT control effort in those
years was in part due to a direct response to the increased tourism activities in the Parks, especially game viewing areas but also due to more cases of HAT that were reported outside the country [10].
The root of interventions against sleeping sickness is early detection and treatment of HAT cases, fly vector
control and animal reservoir management [16] [23] [24]. TANAPA has routinely been engaged in vector control
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Figure 2. Tanzania National Parks.

through deployment of ITT since 2002 [13] as was advised through the study conducted in and around Serengeti
ecosystem thereby reducing tsetse fly bites. In addition these ITTs have proved to control tsetse flies in other
studies elsewhere [25].
This paper reports on tsetse control initiatives that have been ongoing since 2007 to 2014. The control efforts
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Table 1. Tsetse numbers and densities in brackets before the deployment of ITTs.
Blocks

G. swynnertoni (FTD)

G. pallidipes (FTD)

Pre control phase A

733/10 traps/2day = 36.7

592/10trap/2day = 29.6

Pre control phase B

547/10T/2D = 27.4

392/10/2D = 19.6

Control Phase

26/10/2d = 1.3

27/10/2d = 1.4

NB: FTD = Flies per Trap per Day.

Table 2. Deployment of ITTs 2007/2008 to 2014/2015.
National Park 2007/2008

2008/2009

2010/2011

2011/2012

2012/2013

2013/2014

2014/2015

TOTAL and
averages in brackets

Serengeti

1769

1918

708

0

1209

477

0

6081 (868)

Ruaha

1550

1670

1200

1300

1000

423

196

7339 (1048)

Katavi

0

380

2035

0

38

490

391

3334 (476)

Tarangire

0

387

400

0

778

547

275

2387 (341)

Mikumi

0

0

1500

0

400

102

0

2002 (286)

Total

3319

4355

5843

1300

3425

2039

862

21143 (3020)

Table 3. Vehicle hand spraying 2007/2008 to 2010/2011.
National Park

2007/2008

2008/2009

2009/2010

2010/2011

TOTAL and averages in brackets

Serengeti

0

11,403

10,690

41,465

63,558 (15,890)

Tarangire

2340

2108

2567

5300

12,315 (3079)

Katavi

1175

693

2710

2448

7026 (1757)

Total

3515

14,204

15,967

49,213

82,899 (20,725)

have been concentrated in the tsetse highly infested areas in Serengeti, Ruaha, Tarangire and Katavi national
parks in addition to other national parks. This paper summarizes the effort by TANAPA tsetse and HAT control
efforts for the past 7 years.
Although the bait technologies is advantageous over other technologies which include being environmentally
benign and affordability, the drawbacks of the method is that of regular requirements for maintenance and its
failure to eradicate residual tsetse populations. The effectiveness of targets as control tools depends on their rate
of removal of flies from the existing tsetse fly populations. The ITT control strategy is an important component
for controlling the vector and in turn prevents trypanosomiasis epidemics.
Although tsetse control in TANAPA started a decade ago, the tsetse challenges is still high, this may be attributed by the fact that there is re-invasion from areas that tsetse have not been controlled. Also the environment and habitats in the parks support thriving of tsetse due to the availability of stable vegetation for resting
and breeding; abundant supply of blood meal from wild animals. What need to be done is to reduce tsetse population strategically (i.e. around offices, camping sites, houses, roads etc.) so that to minimize tsetse-man contacts
and thus risks of contracting HAT. Study done in 2011 showed that there are hot spots and breeding areas in the
parks which act as a source of tsetse to other areas. Hence efforts need to continue in order to bring down tsetse
populations especially the non teneral flies in order to minimize risks of HAT transmissions. The extensive protected areas are tsetse breeding hot spots and act as source of tsetse re-envisions for the neighbouring controlled
areas in communities [26]. These areas include game reserves, game controlled areas such that even if tsetse are
controlled in national parks areas, still there will be re-invasion from other protected areas with minimal tsetse
control programs. Hence tsetse control should not be restricted to national parks only rather control should be
extended to all tsetse infested areas.
The tsetse control strategy played a significant role in the control of previous HAT outbreaks to tourists, park
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staff and surrounding communities in northern parks. This is one of the major achievements by parks control
efforts.
Other tsetse control measures like use of fly repellents plus avoiding dark bluish and black coloured clothing
will assist to minimize tsetse–man contact [27]-[29]. Other measures should include occasional monitoring of
the level of human infective trypanosomes in tsetse (Xenomonitoring) for guided deployment of ITTs once proven
that there is an increased level of human infective trypanosomes in a certain localized tsetse population [30].
With respect to early detection and treatment of HAT cases there has been occasional human screening carried out by health authorities in collaboration with TANAPA and the National Medical Research Institute
(NMRI) mostly in reaction to the HAT reported cases [21] [31]. These human surveys were conducted with the
aim of detecting and treating HAT cases in Serengeti and Tarangire.
Although recent studies show a decrease in tsetse belt due to the changes in land use as main reason [26]; the
factors contributing to the decrease does not apply to the protected areas.

10. Way Forward
Long lasting cloths and insecticides formulations may help in reducing the challenges of tsetse bites, and continued deployment of ITTs and re-spraying of targets and vehicles. The formulations also should consider ways
of minimizing the reduction of insecticide on the targets due to rain, sunlight, wind and dust that reduces lethal
effects to the flies.
Other tsetse control challenges are adequate health education programs/campaigns in protected areas and resources constraints to be utilized to fully embrace the control of tsetse both in terms of man power and funds to
implement control programs. The use of ITTs is usually known to be labour intensive [32] however concentration and intensification of tsetse control in tsetse hot spots should be the way to continue reducing the vector
population.
Considering tsetse breeding hotspots, efficient tsetse control can only be achieved by combined efforts between authorities responsible for protected areas including TANAPA, the Wildlife Division in the Ministry of
Natural resources and Local governments through policy formulations, funding, coordination and regulation and
enforcement of policy and laws related to implementation of tsetse control plans. Local communities should also
be involved in tsetse control activities in their communities especially those that are near protected areas to ensure
sustainability of the control efforts. It is through mutually and harmonized tsetse control efforts that these flies will
be controlled from the protected areas sustainably over the decades to come and ensure elimination of the HAT in
future; to make Tanzanian National parks a safe tourist destination both for park residents and tourists.

11. Conclusion
Deployed ITTs lead to a drastic reduction of FTDs of the two dominant tsetse species to 1.3 and 1.4 of G. swynnertoni and G. pallidipes respectively, and the decline was significant at P = 0.011. Continued application of
ITTs in protected game areas supplemented with other approaches like vehicle spraying and awareness to staff
and people/tourists entering the parks will significantly lead to the reduction of HAT cases associated with Tanzania National Parks.
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