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The  control  and  eventual  elimination  of human  African  trypanosomiasis  (HAT)  requires  the  expansion
of  current  control  and  surveillance  activities.  A systematic  review  of  the  published  literature  on the
costs  of  HAT  prevention,  treatment,  and  control,  in addition  to  the  economic  burden,  was  conducted.  All
studies that  contained  primary  or  secondary  data  on  costs  of  prevention,  treatment  and  control  were
considered,  resulting  in  the  inclusion  of 42  papers.  The  geographically  focal  nature  of  the  disease  and
a lack  of standardization  in  the  cost  data  limit  the  usefulness  of  the  available  information  for  making
rypanosomiasis
leeping sickness
ost
revention
reatment
ontrol

generalizations  across  diverse  settings.  More  recent  information  on  the  costs  of  treatment  and  control
interventions  for  HAT is needed  to  provide  accurate  information  for analyses  and  planning.  The  cost
information  contained  herein  can  be used  to  inform  rational  decision  making  in  control  and  elimination
programs,  and  to  assess  potential  synergies  with  existing  vector-borne  disease  control  programs,  but
programs  would  benefit  significantly  from  new  cost  data  collection.

©  2015  Elsevier  B.V.  All  rights  reserved.
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. Introduction

Human African trypanosomiasis (HAT), which is also known
s sleeping sickness, is caused by an infection with either of two
arasites: Trypanosoma brucei rhodesiense or Trypanosoma bru-
ei gambiense.  Both types are transmitted by different tsetse fly
pecies. They are microscopically indistinguishable, but occur in
eparate areas of Sub-Saharan Africa (SSA). A total of 37 countries
etween 14◦ N and 20◦ S latitude and covering 1.55 million km2

ave reported cases (Simarro et al., 2012a,b). T.b. gambiense occurs
n west and central Africa, while T.b. rhodesiense is endemic in east-
rn and southern Africa. There is no overlap between the endemic
reas with Uganda being the only country endemic for both forms,
lbeit in different areas of the country (Burri, 2008). An estimated 70
illion people (Simarro et al., 2012a,b) and about 50 million head

f cattle are at risk of trypanosomiasis infection (Fevre et al., 2008;
ristjanson et al., 1999). The main reservoir host for T.b. gambiense is
umans, while cattle or wild bovids serve as the main reservoir host

or T.b. rhodesiense. Animal to human, animal to animal, and human
o human transmission all occur with T.b. rhodesiense. Transmission
aries as a function of vector density and biting behavior. A total
f 7216 HAT cases for both T.b gambiense and T.b rhodesiense were
eported in 2012 (WHO, 2013) and the World Health Organiza-
ion (WHO) estimates the number of actual infections to be around
0,000 (WHO, 2013). In 2014, WHO  approved a declaration to tar-
et gambiense HAT elimination (Holmes, 2014) and one to target
hodesiense HAT (WHO, 2014a).

A previous review of the available economic evaluations for
AT (Sutherland et al., 2015) demonstrates that although cost-
ffectiveness has been assessed previously for control of the disease
ittle is known about the cost-effectiveness of strategies target-
ng elimination. Funding and support for HAT declined from the
970s through the 1990s, contributing to the resurgence of the
isease in the late 1990s (Smith et al., 1998); however, since
he WHO’s roadmap to NTD control and elimination was  pub-
ished in 2012 (WHO, 2012), there is a renewed commitment from
lobal stakeholders to achieve HAT elimination by 2020 (Zhang
t al., 2010 London Declaration to Combat NTDs, 2013; WHO,
012; BMGF, 2015). This requires that the total cost of poten-
ial strategies for elimination along with current and emerging
echnologies (Steinmann et al., 2015) are accurately estimated
o ensure that funding is sustained throughout the elimination
rocess.

The purpose of this paper is to summarize the available infor-
ation on costs for HAT prevention, treatment, and control to

erve as a reference for future economic evaluations and national
udgeting endeavors. The paper begins with a brief description
f the treatment, prevention and control strategies for the dis-
ase to provide relevant contextual information and some potential
nterventions for elimination. It then presents a systematic review
f the published literature that included primary and secondary

ata on costs, indirect costs and economic burden related to
AT programs. The paper concludes with a discussion on pri-
rity areas of economic data collection for elimination strategy
evelopment.
 . . . . . . . . . . .  . . .  . . . . .  . . . . .  . . . . .  . . .  .  . . . .  . . .  . . .  . .  . .  .  . . . .  . . .  .  .  .  . . . .  .  . . . . .  . . . . .  . . . 12

1.1. Prevention, treatment, control of HAT

In general, the prevention of HAT includes reducing bites from
tsetse flies, early diagnosis and treatment of cases. While indi-
vidual protection against bites may  be useful in some instances,
the fly can penetrate light weight clothing and repellants are not
common in many endemic areas. Thus community level vector con-
trol and screen and treat programs, which involve the detection
of human cases for subsequent treatment, are typically employed
together. Several techniques are recommended for the control of
tsetse fly populations: sequential aerial insecticide spraying to tar-
get adult flies during the first spray and tsetse flies as they emerge
from pupal stages in the ground during subsequent sprays; ground
spraying to target pupae and resting flies; the use of odor-baited or
visual-baited (e.g. black or blue cloth) insecticide treated traps and
targets; sterile insect release; and insecticide treatment of cattle
(ICT) (Welburn et al., 2009). A total of 13 Sleeping Sickness National
Control Programs are developing vector control activities (out of
24 countries reporting HAT cases) (Franco et al., 2014), although in
some countries institutions other than national control programs
are also engaged in vector control activities.

Few drugs are available for the treatment of trypanosome infec-
tions. Pentamidine and suramin are the main treatments for 1st
stage T.b. gambiense and T.b. rhodesiense, respectively (WHO,  2013).
The 2nd stage of T.b. rhodesiense is treated with the organoarseni-
cal compound melarsoprol (WHO, 2013), which is associated with
severe adverse reactions, mainly arsenical encephalopathy, occur-
ring in 10% of the patients and frequently fatal (10–70% mortality)
(Pepin and Milord, 1994; Burri, 2008). Nifurtomix–eflornithine
combination therapy (NECT) is currently the treatment of choice for
stage 2 T.b. gambiense and is listed on the WHOs  Model List of Essen-
tial Medicines (http://apps.who.int/iris/bitstream/10665/93142/1/
EML  18 eng.pdf?ua=1). It involves an in-hospital treatment com-
bining intravenous infusions of eflornithine with oral treatments of
nifurtimox (WHO, 2013). An alternative treatment for T.b gambiense
is eflornithine monotherapy which must be given in a high dose for
an extended duration and is recommended when NECT is unavail-
able, but is not as well tolerated as NECT (WHO, 2013). Melarsoprol
is used when patients treated with NECT relapse (WHO, 2013). New
treatments are currently being developed: fexinidazole is a 10-day
oral medication (DNDi, 2014) that could potentially be used even
if health systems lack the infrastructure or resources to administer
NECT. Another potential treatment option is a single-dose oxabo-
role compound (DNDi, 2014), allowing patients to be potentially
treated locally and thus avoiding travel to specialized treatment
centers that are often far from home. Active and passive case finding
are crucial to identify and treat cases to curb transmission.

2. Methods

A systematic electronic search of literature published in the

English and French language was  conducted using Pubmed (MED-
LINE), EMBASE, and JSTOR databases in 2013. The following search
terms were used: trypanosomiasis, African sleeping sickness, and
(econ, economics, cost, cost-effectiveness, cost-benefit, economic,

http://apps.who.int/iris/bitstream/10665/93142/1/EML_18_eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/93142/1/EML_18_eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/93142/1/EML_18_eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/93142/1/EML_18_eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/93142/1/EML_18_eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/93142/1/EML_18_eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/93142/1/EML_18_eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/93142/1/EML_18_eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/93142/1/EML_18_eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/93142/1/EML_18_eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/93142/1/EML_18_eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/93142/1/EML_18_eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/93142/1/EML_18_eng.pdf?ua=1
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Fig. 1. Incremental search r

nternal rate of return, eradication, elimination, health systems,
ertical, integration). All results were initially reviewed for rel-
vance based on a review of the title and abstract; the selected
ublications were then further reviewed for relevance using the full
ext. The bibliographies of identified references were also searched,
s well as the grey literature using Google and Open Content search
ngines.

All papers with primary or secondary data on economic burden,
osts of interventions, or health system implications of control and
limination programs were selected for more detailed review. All
apers with primary data on costs of any topic related to treat-
ent, prevention, control, indirect costs and economic burden were

ncluded. Fig. 1 illustrates the incremental results of the search. A
otal of 960 papers were identified as potentially relevant; a total
f 42 papers met  the criteria. All cost data were adjusted to USD
n the year of the initial study (if the researchers had not already
one so) if this information was available using historical exchange
ate data from the Oanda currency converter (http://www.oanda.
om/currency/converter/). If information on the year of the study
as not available, the year of the publication was used as a basis

or adjustment. The availability of historical exchange rates varies
cross countries; as such, studies identified with foreign cost data
rior to historical exchange rate availability were first converted
o USD using the first year exchange rate data were available. All
osts were then adjusted to 2012 USD using the U.S. Gross Domestic
roduct Deflator series from the U.S. Bureau of Economic Analysis
http://www.bea.gov).

. Results

.1. Prevention: vector control costs
.1.1. Sequential aerosol techniques
Sequential aerosol techniques (SAT) refer to the spraying of tar-

eted areas with a non-residual insecticide from a fixed wing of an
 and final studies included.

airplane at set intervals. The first spray is designed to kill adults,
with subsequent sprays targeted at killing young adult tsetse as
they emerge from puparia buried in the ground but before they
deposit larvae. Few cost estimates of SAT were identified. Shaw
and others used data collected from SAT activities in Botswana to
develop a cost model and hypothetical budget for Uganda; SAT in
both settings were estimated to cost USD 410.56 per km2, with the
bulk of costs incurred due to flying time of the aircraft and type of
insecticide used (Shaw et al., 2007; Shaw et al., 2013).

While relatively few peer reviewed published studies of SAT
were identified through electronic searches, several secondary
sources of historical cost data from African locations were noted
in Allsopp and Hursey (2004). Botswana and Zambia (1973, 1980)
reported USD 231.95 per Km2 of Endosulfan and pyrethroids;
Nigeria (1977) reported USD 890.62 per Km2 of Endosulfan (Lee
et al., 1982); Cote d’Ivoire (1979) reported USD 617.00 per appli-
cation of Endosulfan (Lee et al., 1982); and Zambia (1968–1978)
reported a range of USD 827.38–1,103.19 per Km2, although the
insecticide used was  not mentioned (Evinson and Kathuria, 1984;
Allsopp and Hursey, 2004). One study in West Africa also reported
the cost of non-SAT from a helicopter to be between USD 1.55–2.75
per hectare, assuming 2000–3,500 hectares covered per applica-
tion, respectively (Brandl, 1988a). The historical literature also
suggests that the cost per area covered is inversely proportional
to the total area sprayed, because fixed and capital costs for SAT
do not increase proportionally with the total area covered. Addi-
tionally it is noted that elimination of tsetse from targeted areas
requires high dosages of insecticide sprayed five times at narrow
spray band widths, while SAT or other aerial insecticide application
targeted only at control of tsetse could relax all these parameters
and perhaps reduce cost per km2 by 30–50% (Allsopp and Hursey,

2004). Across several ecologically distinct settings, SAT in general
is thought to cost between USD 285.81 628.79 per Km2 (Cattand
et al., 2006).

http://www.oanda.com/currency/converter/
http://www.oanda.com/currency/converter/
http://www.oanda.com/currency/converter/
http://www.oanda.com/currency/converter/
http://www.oanda.com/currency/converter/
http://www.oanda.com/currency/converter/
http://www.oanda.com/currency/converter/
http://www.bea.gov
http://www.bea.gov
http://www.bea.gov
http://www.bea.gov
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.1.2. Sterile insect techniques
Sterile insect technique (SIT) refers to mass release of sterile

ale tsetse flies, which then compete with non-sterile males to
ate with females, resulting in adult female flies unable to pro-

uce offspring. This method of vector control is generally used in
reas where the number of flies is relatively low; as such, it is typi-
ally employed following SAT or other vector control strategies that
rst reduce vector density. Using a 10% discount rate, SIT was esti-
ated to cost USD 840.76 per km2 over a ten year period (Shaw

t al., 2007). In West Africa, the estimated the cost of adding SIT to
n existing intervention was USD 970.00/km2, although in areas
here substantially fewer sterile males would be required, the

ost of SIT could fall to USD 303.12-363.75/km2 (Feldman, 2004)
epending on how many sterile males are released per kilometer
nd the cost of the flight plan employed (Vale and Torr, 2005).

.1.3. Ground spraying
Ground based spraying of insecticides can be conducted using

ither pressurized spray pumps or thermal fogging equipment and
ay  be targeted to wide swaths or to specific areas or habitat

elieved to be tsetse resting areas. Relatively little literature on
he costs of ground spraying was identified, including three stud-
es cited which could not be obtained in hard copy for review,
ut whose results are summarized from secondary sources. A
tudy during the late 1950’s in Kenya reported ground spraying
osts at USD 367.26 per km2. In Nigeria, from 1955 to 1969, costs
ere reported to range between USD 29.74–592.84 per km2; and,

n Zimbabwe during the early 1980’s cost ranged between USD
60.68–274.05 per km2 (Allsopp and Hursey, 2004). One study
eported cost between USD 315.00–1,574.98 per km2 in 1989,
lthough no additional information was provided (Shaw, 1989).

.1.4. Traps and targets
Traps and targets refer to direct suppression methods that func-

ion by trapping flies or by using visual attractants such as large dark
olored cloth (targets), which can be treated with insecticide. These
ools can be baited with odor based attractants to attract flies from

 distance, or modified in various manners and produced in alter-
ate sizes and shapes. Such vector control tools have been deployed

or direct tsetse suppression and as a barrier method to prevent
nvasion/re-invasion of tsetse into specific geographic areas.

Costs first estimated in 1997 have recently been updated, sug-
esting that targets cost between USD 266.75 and USD 466.81 per
m2 (Shaw, 2004; Barrett, 1997). The cost of using targets to pro-
uce a linear barrier has been estimated to be USD 2425.00 per
m to establish and USD 1940 per km per year to maintain (Shaw,
004). The cost of using monopyramidal traps are estimated at
SD 31.52 per km2, assuming 17 cattle per km2 (Shaw, 2004). The
ost of targets has also been estimated at USD 305.76 per km2 in
otswana (McCord et al., 2012; Mullins et al., 1999), and USD 128.03
hen used for control (Allsopp and Hursey, 2004; McCord, 2012).

raps used for reclamation purposes have been estimated to cost
etween USD 1.05 and USD 2.05 per hectare per year over a period
f 5–20 years, when fully discounted (Brandl, 1988a). The cost per
m2 when traps and targets are deployed for elimination purposes
anges from USD 343.14 and USD 880.27 per km2, depending on
he discount rate and the number of traps deployed per km2 (Shaw
t al., 2007). Other factors influencing trap or target cost include
he size and type of trap used, insecticide or odor based attractant
sed and dosage, as well as the deployment method and density
nd lifetime of the trap in the field (Shaw et al., 2007; Esterhuizen
t al., 2011).
.1.5. Insecticide treated cattle (ITC)
In West Africa ITC is mainly limited to control of animal try-

anosomiasis (nagana), but in East Africa it has also been shown
ca 150 (2015) 4–13 7

to help control HAT because cattle serve as an important reservoir
for T.b. rhodesiense. The costs for ITC vary depending on the scope
of application (i.e., whole cattle pour-on vs. leg and belly appli-
cation only), the density of cattle in the area, and the insecticide
chosen. The cost of ITC has been estimated to be USD 164.54 per
km2 for the full pour-on treatment when there are 15 cattle per km2

(Barrett, 1997; Budd, 1999; Shaw, 2004). Updated cost estimates
from Uganda suggest that the least expensive application is treat-
ment of cattle legs and belly with an �-cypermethrin spray (USD
14.55 per km2 assuming 8 cattle per km2) followed by full body
�-cypermethrin spray (USD 67.90 per km2) and pour on treatment
(USD 218.25 per km2) (Shaw et al., 2007). Models restricting the
application of insecticide to only the legs and bellies of cattle, where
most tsetse bites occur, produced similar cost estimates (Torr and
Vale, 2007, Vale and Torr, 2005). Table 1 presents additional vector
control cost information.

3.2. Costs of treatment and hospitalization for HAT

3.2.1. Treatment costs
For treatment of first stage T.b. gambiense infection, pentami-

dine is the WHO  recommended drug (WHO, 2014b). In Africa,
approximately 1% of patients die due to pentamidine, though why
pentamidine mortality occurs is not well explored (Burri, 2008). No
costing studies on the treatment of first stage HAT due to T.b. gam-
biense with pentamidine were identified in the literature search.
Costs of pentamidine treatment were estimated by Lutumba et al.
(2007) and Shaw and Cattand (2001) to be USD 2.05 per vial and
USD 25.61 total drug costs, respectively. Suramin, although effec-
tive as a treatment for first stage illness is largely avoided for T.b.
gambiense infection because of the potential for allergic reactions
associated with onchocerciasis co-infection (Burri, 2008).

The recommended treatment for first stage T.b. rhodesiense
infection is suramin administered parenterally over a period last-
ing up to 30 days (Burri, 2008). Record reviews of hospital data
combined with past literature were used to estimate the cost of
treatment for early and late stage T.b. rhodesiense in Urambo dis-
trict Tanzania; although this study failed to differentiate costs of
late stage versus early stage patients, they reported an estimated
cost of USD 130.95 per patient, including admission, hospitaliza-
tion, diagnostic and patient costs. Of this, the patient paid USD 30.31
out of pocket, while the net cost to the health system was estimated
to be USD 100.64 (Matemba et al., 2010).

The first line second-stage treatment of T.b gambiense is NECT
and has been estimated to cost USD 1550.74 for a kit containing 4
treatments resulting in the cost of USD 387.68 for one treatment.
(Simarro et al., 2012a,b) Alternative treatments such as melarsoprol
or eflornithine may  be used as well (WHO, 2013). Using clinical
data from 690 s stage T.b. gambiense patients in Caitxo, Angola, a
decision tree model was  developed to estimate the total cost per
patient treated, including costs of supportive care in addition to
adverse events such as arsenical encephalopathy; treatment with
melarsoprol was USD 708.03, while treatment per patient with
elflornithine was approximately USD 997.14 (Robays et al., 2008).
Eflornithine was more efficacious in terms of mortality prevention;
this translated into improved cost-effectiveness for eflornithine
vs. melarsoprol despite the higher cost. Melarsoprol is currently
the only drug available for treatment of stage II T.b rhodesiense
infection. No studies on the costs of treatment for stage II T.b. rhode-
siense infection were identified; however, as the treatment regimen
is expected to be similar to that used for stage II T.b. gambiense
infection, the costs from the two  studies discussed above may be

relevant (Robays et al., 2008; Politi et al., 1995). No specific studies
on the costs of encephalopathy as a severe adverse event associated
with the administration of melarsoporol were identified; however,
the direct costs of management of these complications were esti-
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Table 1
Other vector control costs.

Authors Year Description of cost Cost

Sequential Aerial
Techniques (SAT)

Shaw 2007 Administration, supervision, and other indirect “non-field” costs USD 36.37/km2 (14% of
non-field costs)

Entomological surveys, monitoring, feasibility studies USD 223.10/km2

Aerial spraying- five cycles USD 3734.99/km2

Cost for creating a tsetse-free zone for isolated tsetse populations USD 720.22/km2 & USD
608.67/km2

Sterile Insect
Technique (SIT)

Vale and Torr 2005 Cost of rearing and sterilizing a male USD 0.11
Cost of release including accompaniment USD 1.01/km2/week
Eradication Estimate USD 42,033.91/insect

population
Shaw  2007 Administration, supervision, and other indirect “non-field” costs USD 56.99 km2 (19% of

non-field costs)
Entomological surveys, monitoring, feasibility studies USD 235.22/km2

Capital items, fly rearing, fly release USD 801.46/km2

Creating a tsetse-free zone for isolated tsetse populations: +SIT
alone

USD 919.07/km2

Creating a tsetse-free zone for isolated tsetse populations: SIT + 90
day ITC

USD 1228.26/km2

Creating a tsetse-free zone for isolated tsetse populations:
SIT + 80% SAT

USD 1228.26/km2

Traps and Targets
Shaw 1989 Total cost per trap (per person protected in 1st year) USD 24.50-27.76/ trap

(USD 0.82/person)
Total cost per screen (per person protected in 1st year) USD 6.53-13.07 per

screen (USD
3-6.53/person)

Gouteux 1987 Cost per kit USD 14.70
Brightwell 1991 Trap/odor bait system per unit USD 12.96
Okoth 1991 Monoscreen – local USD 1.86

Monoscreen – imported materials USD 1.92
Biconical – local USD 7.23
Biconical – imported USD 7.47
Pyramidal Traps – local USD 3.68
Pyramidal Traps – imported USD 3.87

Abila 2007 Pyramidal Traps cost per m USD 4.50
Modified pyramidal cost per m USD 3.86
Biconical & modified cost per m USD 4.50
Monoscreen cost per m USD 2.89

Shaw  2007 Administration, supervision, and other indirect “non-field” costs USD 36.37/km2 (14% of
non-field costs)

4  Traps/km2 (10 teams) USD 213.40
4  Traps/km2 (15 teams) USD 277.66
4  low cost Traps/km2 (10 teams) USD 191.57
4  low cost traps/km2 (15 teams) USD 244.92
8  Traps/km2 (20 teams) USD 426.80
8  Traps/km2 (30 teams) USD 444.32
10 Traps/km2 (25 teams) USD 534.71
10 Traps/km2 (38 teams) USD 693.55
20 Traps/km2 (50 teams) USD 1068.21
20 Traps/km2 (75 teams) USD 1388.31
Creating a tsetse-free zone for isolated tsetse populations: G.
fuscipes

USD 1115.50/km2

Creating a tsetse-free zone for isolated tsetse populations:
Savannah tsetse

USD 602.61/km2

Creating a tsetse-free zone for isolated tsetse populations:
Savannah tsetse

USD 491.06/km2

Creating a tsetse-free zone for isolated tsetse populations:
Savannah tsetse species + local labor

USD 563.81/km2

Shaw 2013 Average field cost per km2 USD 561.25
Average cost of field studies per km2 USD 188.56
Average cost of field deployment teams based on 10 teams USD 15.53
Cost of trap maintenance per annum per km2 USD 61.67

Insecticide Treated
Cattle (ITC)

Vale and Torr 2005 Insecticide containing 20% �-cypermethrin purchased and shipped USD 30.46 per liter
Cost  per animal USD 0.002/animal/day

Torr 2007 Savings in insecticide: only treating the belly & legs of cattle 80 %
Cost  per animal whole-body regime USD 2.22/animal/year
Estimated cost per animal for restricted regime USD 0.22/animal/year
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Table  1 (Continued)

Authors Year Description of cost Cost

Shaw 2007 Administration, supervision, and other indirect “non-field” costs USD  36.67/km2 (14% of
non-field costs)

Entomological surveys, monitoring, feasibility studies USD 223.10/km2

�-cypermethrin spray USD  8.49 per animal
per year

�-cypermethrin spray, restricted application USD  1.82 per animal
per year

Traditional pour-on (spot-on) USD  27.28 per animal
per year

Creating a tsetse-free zone for isolated tsetse populations: pour
(4/km2)

USD  368.60/km2

Creating a tsetse-free zone for isolated tsetse populations: spray
(4/km2)

USD  293.42/km2

Creating a tsetse-free zone for isolated tsetse populations: pour-on
(8/km2)

USD  477.72/km2

Creating a tsetse-free zone for isolated tsetse populations: spray
(8/km2)

USD  327.37/km2
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restricted (8/km2 and
Creating a tsetse-free

ated in the context of the decision model discussed above to be
etween USD 23.60–59.00 (Robays et al., 2008).

The cost of the new treatment options, fexinidazole has been
stimated to be less than USD 50 per patient (DNDi, 2014) while
o estimates have been confirmed for oxaborole. Table 2 lists addi-
ional treatment costs identified.

.2.2. Hospitalization costs
Treatment of HAT generally requires close supervision due to

he risks associated with treatment; treatment of late stage disease
nvariably requires hospitalization. There is little in the literature
bout specific costs of hospitalization for treatment due to HAT.
hen including both early and late stage infections, the mean
ength of a hospital stay has been estimated at 25 days (Matemba
t al., 2010). In this study the total costs to the health service were
stimated to be USD 2.42 per patient per night in the hospital and
SD 1.21 per initial diagnosis. A second study in Angola estimated

able 2
ost for diagnostics and treatment for HAT.

Authors Year Description 

Diagnostics
Lutumba 2006 Lymph node pun

FBE 

TBF 

CTC 

mAECT 

Lutumba 2005 Cost per person 

WHO 1998 CATT test screen
CATT test screen
CATT test screen

Wastling 2010 LAMP with Quan
LAMP with Turb
LAMP with hydr
LAMP with Calce

Treatment
Lutumba 2003 Pentamidine per
Shaw and Cattand 2001 Pentamidine dru
Shaw and Cattand 2001 Suramin drug co
Politi  1995 1 treatment of E
Robays 2008 2 treatments of E
Simarro 2012 Average total co
Simarro 2012 NECT 4 treatmen
Simarro 2012 NECT 1 treatmen
Lutumba 2003 Melarsoprol per
Lutumba 2007 Melarsoprol trea
Politi  1995 Melarsoprol trea
Robays 2008 Melarsoprol-Pre
for isolated tsetse populations:
r studies)

USD  162.47/km

for isolated tsetse populations: spray USD  215.82/km2

the auxiliary staff cost to be USD 7.43 and USD 17.70 per patient per
day for treatment with melarsoprol and eflornithine, respectively;
the cost of expatriate staff regardless of which drug was  used was
estimated to be USD 6.73 (Robays et al., 2008). In addition, the cost
of nurse time per diem for the administration of melarsoprol and
eflornithine is USD 5.90–17.70 and USD 5.90 - 23.60, respectively;
the cost of an adverse event associated with the administration of
melarsoprol is estimated to be USD 44.61 (Robays et al., 2008).

3.3. Control costs for HAT

3.3.1. Case detection and surveillance costs
Of the 60 million people estimated to be at risk for HAT, only 3-
4 million are under any form of surveillance (Cattand et al., 2001).
em>A 2001 paper by Shaw and Cattand builds on a series of previ-
ous WHO  reports and analytical work on control and surveillance
of trypanosomiasis to outline five potential surveillance meth-

Cost (USD)

cture (LNP) USD 0.28/per test
USD 0.30/per test
USD 0.78/per test
USD 1.10/per test
USD 4.08/per test

screened USD 2.23
 per person (one time) – whole blood USD 0.73
 per person (one time) – filter paper USD 0.44
 per person (one time) – micro method USD 0.26
t-IT Pico Green (per 100 reactions) USD 371.30

idity (per 100 reactions) USD 0.001
oxynapthol blue (per 100 reactions) USD 0.001
in and MnCI2 (per 100 reactions) USD 0.001

 vial USD 2.05
g costs per treatment USD 25.61
sts per treatment USD 41.79
lfornithine USD 285.06
lfornithine USD 334.31

st of Elfornithine administration USD 745.08
ts USD 1550.74
t USD 387.68

 vial USD 7.06
tment USD 144.10
tment per patient USD 66.99
dnisolone treatment per patient USD 75.52
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Table 3
Cost for case detection/surveillance strategies for T.b. gambiense HAT.

Authors Year Description of cost Cost (USD)

Shaw 1989 Surveillance at health center USD 2.20 per person tested (USD 0.62 per population)
Road blocks near health centers USD 1.34 per person tested (USD 0.13 per population)
Multipurpose mobile team USD 1.25 per person tested (USD 0.16 per population)
Single-purpose mobile team USD 1.71 per person tested (USD 0.85per population)
Cost per serological test USD 1.58
Cost per parasitological exam USD 2.53

Shaw and Cattand 2001 Rural health centers and mobile teams (0.05%) USD 2696.15 per patient found
Rural health centers and mobile teams (1%) USD 161.77-188.73per patient found
Rural  health centers and mobile teams (1%-5%) Approximately USD 40.44 per patient found
Rural health centers and mobile teams (20%) Approximately USD 13.48
Rural health centers and mobile teams (50%) Approximately USD 6.74
Community health workers (0.05%) Just under USD 2700 per patient found
Community health workers (1%) Less than USD 134.81 per patient found
Community health workers (1% -5%) USD 29.66 per patient found
Community health workers (20%) Approximately USD 13.48 per patient found
Community health workers (50%) Approximately USD 6.74 per patient found
Passive or fixed detection posts (0.05%) USD 67.40 per patient found
Passive or fixed detection posts (1%) USD 26.96 per patient found
Passive or fixed detection posts (1%-5%) USD 18.87 per patient found
Passive or fixed detection posts (20%) Approx. USD 13.48 per patient found
Passive or fixed detection posts (50%) Approx. USD 13.48 per patient found
Initial screening and parasitological exams USD 3.37-4.72 per person

Lutumba 2007 Annual costs for operations of mobile teams
Vehicles USD 7212.62
Medical and lab supply (includes CATT reagents) USD 3884.26
Training USD 945.25
Personnel USD 16,212.57
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Medical and lab supply 

Essential drugs (not for HAT) 

Vehicle operation & maintena

ds and to estimate their costs and cost-effectiveness using a
preadsheet model (Shaw and Cattand 2001). These include active
ase detection, which is divided into (1) monovalent surveillance
eams looking only for sleeping sickness, (2) polyvalent teams look-
ng for other diseases in addition to HAT, and (3) sampling of
ommunity workers to collect blood on filter paper. Passive case
etection, which is divided into (4) fixed-post surveillance or tra-
itional surveillance in which patients who cannot be diagnosed
ith another disease are eventually referred to a HAT treatment

enter for further testing, or (5) sampling of patients at rural health
enters to collect blood on filter paper regardless of the reason for
he patients original presentation. Road blocks near health cen-
ers have also been used as a form of active case detection. Table 3
ummarizes costs associated with case detection and surveillance.

.3.2. Diagnostic costs
The most frequently used method for diagnosis of T.b. gambiense

s the card agglutination test for trypanosomiasis (CATT); lumbar
uncture is also necessary for determination of cerebrospinal fluid

nvolvement. Controlled lumbar punctures are recommended for
ate stage West African trypanosomiasis every 6 months for up to 3
ears after diagnosis and therapy. In East African trypanosomiasis
hey should be carried out more frequently (i.e. every 3 months
uring the first year). The cost of CATT is estimated at USD 2.51 per
est (Molyneux et al., 2010). Costs associated with diagnostic tests,
n addition to new loop-mediated isothermal amplification (LAMP)

ethodologies are presented in Table 2. Some of the treatment and
urveillance studies noted above also include the costs of diagnosis
f the disease in their total cost estimates (Shaw and Cattland, 2001,
obays et al., 2008).

.4. Economic burden
Human and animal trypanosomiasis has been estimated to
ause a large economic burden to families and livestock producers
n endemic areas. The diseases are thought to be important contrib-
USD 20,826.57
USD 2955.42
USD 7318.18

utors to rural underdevelopment (Kristjanson et al., 1999; Budd,
1999; Swallow, 2000). While this review focuses on the human
health and economic effects of HAT, T.b. rhodiesiense, which infects
both humans and animals, may  also be responsible for a signifi-
cant economic impact through limitations on land use and livestock
rearing due to increased mortality and limited weight gain among
infected livestock (Jemal and Hughjones, 1995; Jemal et al., 1995;
Agyemang et al., 1991, 1990; Wilson et al., 1986; Kamuanga et al.,
2001).

Although the economic impact of trypanosomiasis has been
addressed in recent years, much of this research has been focused
on animal trypanosomiasis (nagana or other variants). While HAT
is related and overlapping geographically with transmission of ani-
mal  trypanosomiasis, interactions between the two  diseases and
the associated economic impacts are fairly complex. For instance
in areas where similar vectors transmit both human and animal try-
panosomes, vector control interventions against tsetse are likely to
reduce the burden of both human and animal disease. Similarly
in East Africa where the parasite affects both humans and ani-
mals, many preventative and treatment interventions could bring
benefits through reduced transmission to both humans and ani-
mals. However, in West Africa where T.b. gambiense infects only
humans, trypanosome targeted interventions, such as case detec-
tion and treatment, are likely to bring benefits only to humans;
interventions targeting the trypanosomiasis burden in livestock
may  provide benefits to humans only through improved agricul-
tural productivity, and are unrelated to the burden of HAT, except
where these interventions might have an effect on vectors that
transmit the human parasite. More complicated to estimate or mea-
sure are the indirect costs which could be the result of long term
changes in production systems or land use due to the presence
or risk of trypanosomiasis in both animal and human populations

(Shaw, 2004).

Several studies were identified that attempted to quantify the
economic burden of African trypanosomiasis, or estimate returns
to investment in the control of animal or human trypanosomia-
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is (Wilson et al., 1986; Woudyalew et al., 1999; Rowlands et al.,
999; Blanc et al., 1995; Shaw and Munstermann, 1994; Brandl
988b; Putt et al., 1980). It is also estimated that across sub-Saharan
frica farmers spends upwards of USD 30 to 40 million a year on

rypanocides to protect their livestock (Holmes and Geerts, 2004).
pproximately 45-50 Million cattle are thought to live in zones of

rypanosomiasis risk (Kristjanson et al., 1999; Budd, 1999); signif-
cant increases in numbers of adult cattle and in cattle ownership

ere observed after the rollout of tsetse control measures in Burk-
na Faso (Kamuanga et al., 2001). In the late 1990s it was  estimated
hat improved trypanosomiasis control could return benefits of
SD 700 million per year in Africa in terms of meat and milk
roductivity alone, and USD 1.3 billion if producer and consumer
urpluses were considered (Kristjanson et al., 1999); other studies
stimated considerably higher increases in annual agricultural out-
ut of approximately USD 4.5 billion (Budd, 1999; Swallow, 2000).

Using interviews, one study estimated the direct and indirect
osts to patients and their families to be a net loss of approxi-
ately 25% of the families’ annual income per case (Gouteux et al.,

987). Additional results from a study in the DRC reported that
he median loss per HAT patient household on average was USD
49.94, which is approximately 43% of annual household revenue
ased on agricultural (Lutumba et al., 2007), while in Tanzania USD
0.54–61.08 was the estimated total household loss (Reid et al.,
012). Out-of-pocket expenses for patients and their families also
ontribute to economic burden for HAT. Matemba and colleagues
2010) found that on average USD 0.59 per night was required for
elatives accompanying the patient to the hospital for treatment.
atemba and colleagues (2010) also found a return trip for treat-
ent had a mean cost of USD 7.91, while meals were USD 17.70 per

atient treated. Family members that had to pay for accommoda-
ion, on average spent USD 29.50 over the course of treatment. Out
f pocket payments were also required for direct medical expenses
ncluding a screening treatment card (USD 0.46 - 0.57) (Robays,
008) or lab tests (USD 0.59) (Matemba, 2010). Lastly, non-medical
osts for hospital patients have been estimated to be USD 80.72 in
ural Tanzania, including the costs associated with an accompany-
ng person to the hospital/clinic (Matemba et al., 2010).

. Discussion

This paper reviews the literature on the costs associated with
he prevention, treatment and control of HAT. This information is
mportant, as donors and control programs increase funding and
ttention to strategies for eventual elimination. Importantly, this
eview lends insight into the scarcity of literature on costs that if
pdated, could improve the efficiency of prevention and control
ctivities. In addition, this information is useful for collating cost
nformation in a common valuation system is also important for
takeholders interested in developing economic evaluations to aid
he decision making process.

There were few studies focused specifically on the costs related
o health systems research principles to the prevention, control, or
reatment of HAT. This is likely due to the limited focal nature of
he disease, which complicates our general understanding of how
AT control and treatment interaction complement one another.
hough large swaths of the African continent are theoretically at
isk, in reality there are relatively few cases, which tend to be con-
entrated in known foci. For this reason, potential health system
nteractions likely have limited application at a national or regional
cale.
It is likely that HAT deaths are greatly underreported (Odiit
t al., 2004). Underreporting suggests that there is a gap in terms
f how HAT control and treatment impact health information sys-
ems. Improving disease surveillance and case detection is seen as
ca 150 (2015) 4–13 11

one of the great challenges to reducing morbidity and mortality due
to HAT. While polyvalent screening teams might be more efficient
than the use of single purpose HAT active case detection (Shaw and
Cattand, 2001), the disease remains highly focal and thus invest-
ment in the use of integrated surveillance is unlikely to impact
health information system quality or coverage outside of the foci
of HAT transmission.

In addition, since HAT is invariably fatal if left untreated, all
medicines required for HAT care must be considered essential for
HAT endemic countries, and are listed as essential drugs by the
WHO. As a neglected tropical disease, relatively little funding for
new drug development is available globally, and the drugs for treat-
ment of the disease are not marketed. These drugs (elfornithine,
pentamidine and melarsoprol manufactured by Sanofi-Aventis,
and suramin and nitrofurimox manufactured by Bayer Schering
Pharma) are made available freely to the WHO  by the manufactures.

We were unable to identify any studies examining the impacts of
HAT programs on the availability and quality of human resources.
Much of the control of HAT is based on vector control programs,
which are typically vertically organized and run either in par-
allel or entirely outside of existing health system infrastructure.
They thus pose a risk for diversion of human resources outside of
the public health sector in some cases. Alternatively, surveillance
strategies could be built on existing health management informa-
tion systems (HMIS) or community based surveillance platforms
potentially improving both, albeit in the limited areas of HAT foci.

Another gap relates to a paucity of cost information on how
HAT control and treatment impacts service delivery. While the
global impact of HAT treatment on service delivery is likely limited,
the need for invasive and painful diagnostic measures (i.e. lumbar
puncture) and dangerous treatments that require expensive moni-
toring over long periods of time suggests the potential for a serious
burden on the health systems delivery of other services in areas
with significant case-loads. Furthermore, there is documented evi-
dence of increases in HAT transmission and risk in areas of conflict,
both increasing the burden of disease in areas with major chal-
lenges for service delivery but also disproportionately increasing
the need for improved service delivery (Berrang-Ford et al., 2011).

Lastly, many of the studies identified lack standardization in
terms of cost estimates, methods for presenting results, criteria for
which costs are presented, and an overall accounting of all inputs
as part of a treatment or control program. In addition, many of
the vector control costs are quite old. This complicates the dif-
ferentiation between financial and economic costs, which in turn
creates challenges when making comparisons. In the context of
increased attention to neglected topical diseases in general, and
HAT specifically, recent and standardized information on the costs
for prevention, treatment and control interventions is needed.

5. Conclusion

The disease and disability resulting from HAT infection is enor-
mous, which could negatively affect overall productivity of an
individual and household. The results of this review show that
recent and standardized information on the costs for prevention,
treatment and control interventions is very scarce. While the lit-
erature available on costs provides useful information, most of the
literature is outdated, focused on specific ecological contexts within
countries, and is limited in terms of usefulness for developing
estimates of the economic burden across Africa. The information

presented herein should be updated to improve cost estimation.
The collection of relevant and current cost data could play a mean-
ingful role in funding and advocacy for resource mobilization for
the control and elimination of HAT.
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