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Neglected tropical diseases affect >1 billion of the worlds poorest persons. Control programs range from near-elimination
(dracunculiasis) to increasing prevalence (dengue and cutaneous leishmaniasis). These are some of the most cost-effective public
health interventions and should be a global priority.
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Neglected tropical diseases (NTDs)
have been defined by the World Health
Organization (WHO) as a “diverse group
of communicable diseases that prevail in
tropical and subtropical conditions, affect-
ing more than one billion people and cost
developing economies billions of dollars
every year” [1, 2]. The WHO increased the
number of targeted diseases to 20 in 2017
[2] (see Table 1). These diseases have a sig-
nificant effect on the health of >1 billion
persons, particularly children, living in
poverty with unsafe water, poor sanitation,
and inadequate housing [3, 7]. Research
on these diseases has been underfunded
($100 million in the United States in
2016) compared with human immunode-
ficiency virus, malaria, and tuberculosis
($1.5 billion combined) [5, 8].

SCOPE OFTHE PROBLEM

The accuracy of prevalence and mor-
tality data from NTDs has significantly
improved with Global Burden of Disease
Studies [4,9,10]. As summarized by Hotez
and Aksoy [3] and shown in Table 1, the
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most common NTDs are intestinal nem-
atode infections, which infect hundreds
of millions of persons yearly (ascariasis,
hookworm, and trichiuris), along with
schistosomiasis [4]. Millions of persons
are infected with food-borne trematodes,
filariasis, onchocerciasis, Chagas disease,
dengue, leishmaniasis, trachoma, and
Echinococcus. Thousands are infected
with leprosy and human African trypa-
nosomiasis [4]. The majority of these dis-
eases have decreased in prevalence in the
past decade, with the biggest declines for
dracunculiasis (Guinea worm) (decreased
99%)
(decreased 72.5%). In contrast, the preva-

and African trypanosomiasis
lence of dengue (up 74.7%) and cutaneous
leishmaniasis (up 28.6%) increased during
the past decade. It is necessary to examine
both the successes and challenges to bet-
ter understand what lies ahead, and why
funding is so important.

SUCCESSFUL APPROACHES

Dracunculiasis (guinea worm) is the
NTD closest to eradication, with an inci-
dence decreasing from 3.5 million in 1986
to 25 cases in 2016 (reviewed in [6]). This
success required an intensive effort to
provide clean or filtered water, larvicides
for the intermediate host, and an active
surveillance system. Similarly, the major
campaign to control human African tryp-
anosomiasis has decreased the global
incidence of Gambian human African
trypanosomiasis cases to <3000 in 2015

(reviewed in [11]). The campaign focused
on active surveillance with better diag-
nostics and treatment programs involving
public-private partnerships with major
drug donations from pharmaceutical
companies [11]. The other successes in
decreasing morbidity from NTDs have
resulted from major WHO-led mass
drug administration (MDA) campaigns,
which decreased filariasis, trachoma, and
onchocerciasis by 50% [3], schistosomia-
sis by 30% (reviewed in [12]), and ascaria-
sis by 20% (reviewed in [13]).

MAJOR CHALLENGES

Vector-borne NTDs,
gue, leishmaniasis, and Chagas disease,

including den-

have been the most difficult to control.
The prevalence of dengue has increased
>75% in the past decade [4]. The dengue
vector, Aedes mosquitoes, are difficult to
control because of widespread urban dis-
tribution, aggressive daytime biting, and
life-time infection. Global warming and
increased rainfall have also increased
its spread of the vector [14]. Besides
mosquito control, vaccine development
has been a major focus for dengue con-
trol. Unfortunately, the trials of the only
approved tetravalent vaccine were com-
plicated by a variable immune response
to the 4 serotypes of dengue virus in cir-
culation [15, 16].

Control of leishmaniasis, spread by
phlebotamine sandflies, is particularly
challenging because of the involvement
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Table 1. Neglected Tropical Diseases Targeted by the World Health Organization

Prevalence in 2016, No. of ~ Change in Last

Total 2016 Funding, $

Disease Cases [4] Decade, % [4] Million [5] Comments
Close to elimination [3]
Dranunculiasis (Guinea worm) 25 -99.5 NA Few remaining cases in Chad (may be
linked to dogs) and wartorn areas
(South Sudan) [6]
Human African trypanosomiasis 7000 -72.5 37 Active surveillance, better diagnostics,
private-public drug partnerships
Lymphatic filariasis 29382000 -373 16 Mass drug administration
Trachoma 3338000 0.5 2.2 Mass drug administration
Visceral leishmaniasis 30000 -54.2 41° Especially in India without animal vectors
Significant control
Ascariasis (STH) 799683000 -26.7 1.3 Mass drug administration
Cysticercosis 2.676000 -4.6 3.6
Leprosy 523000 +1.2 1.1
Onchocerciasis 14650000 -24.0 10
Schistosomiasis 189774000 -24.5 18 Mass drug administration
Some progress
Cystic echinococcosis 974000 -38.3 NA
Food-borne trematodes 74725000 +6.7 NA
Hookworm (STH) 450683000 -4.2 3.9 Mass drug administration
Trichuriasis (STH) 435095000 -20.0 1.8 Mass drug administration
No control
Chagas disease 7201000 +9.2 25 Spread by triatome bugs, congenital in-
fection, blood supply, immigration
Cutaneous leishmaniasis 4320000 +28.6 412 Spread of sandflies with global warm-
ing, multiple animal vectors, mass
immigration
Dengue 6046000 +74.7 113 Widespread Aedes mosquitoes with
global warming
Newly added diseases [2]
Buruli ulcer 1900 [5] NA 2.8
Mycetoma and deep mycotic infections NA
Rabies <1000 -46.7 NA
Scabies 146785000 NA NA
Snakebite evenomation NA NA NA
Yaws NA NA NA
Abbreviations: NA, not available; STH, soil-transmitted helminth.
“Combined funding for visceral and cutaneous leishmaniasis
of multiple species, vectors, and animal The life cycle and spread of at<1% [18]. New drugs are in the pipe-

reservoirs affecting the poorest per-
sons (reviewed in [17]). A major effort
to control visceral leishmaniasis in the
Indian subcontinent has been largely
successful, in part because of the lack
of animal vectors [17]. In contrast,
cutaneous leishmaniasis has increased
because of political instability, multiple
wild animal vectors, conflicts leading to
massive movement of at-risk persons,
and the effect of global warming on
the spread of sandflies. A multitargeted
approach, including new drugs, vac-
cines, and vector control, will probably
be required.

Trypanosoma cruzi infection is complex,
with local spread in South America by
triatomine bugs, but congenital infection,
an asymptomatic (but infectious) stage
that can contaminate the blood supply,
and immigration have resulted in thou-
sands of cases in nonendemic areas such
as the United States and Europe. It is now
considered an emerging infection in the
United States, with an increase of 9% over
the past decade (reviewed in [18]). The
2 approved drugs, nifurtimox and ben-
znidazole, are most effective only in ear-
ly-stage disease and have many adverse
effects, and access to drugs is estimated

line, but bringing a new drug to clin-
ical trials is very challenging (reviewed
in [19]). Disappointing clinical trials of
repurposed drugs further highlight the
need for better diagnostic assays and bio-
markers to follow actual clinical disease
progression and not just infection during
the chronic phase [18].

IMPORTANCE OF CONTINUED
FUNDING TO BUILD ON SUCCESS

NTDs are a world-wide problem with
100% of low-income countries affected

by 25 NTDs simultaneously [7]. With the
ongoing MDA campaigns for lymphatic
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filariasis, trachoma, onchocerciasis, and
schistosomiasis [3], it is important to
build on success with continued fund-
ing. The near-control of guinea worm
[6] has demonstrated that a major focus
on surveillance, clean water, and vector
control are critical. The majority of these
programs have been vertically driven
by outside donors focusing on a sin-
gle disease. Integration of NTD control
into general healthcare delivery systems
will allow more sustainable and effi-
cient community-directed treatment for
NTDs, along with distribution of vitamin
A, malarial therapy, nutrition, and safe
water (reviewed in [20]). The synergistic
benefit has been shown by using commu-
nity distributors for the administration
of drugs for NTDs, which led to a 9-fold
increase in the distribution of bed nets for
malaria [20]. Leveraging the resources of
well-funded initiatives such as the Global
Fund for NTDs in the same geographic
areas as AIDS, tuberculosis, and malaria
could provide important public health
advances.

CONTROL OF NTDs AS
COST-EFFECTIVE PUBLIC HEALTH
INTERVENTIONS

The cost of the MDA campaigns for
onchocerciasis and filariasis with iver-
mectin, azithromycin for trachoma, and
albendazole for filariasis and soil-trans-
mitted helminths using donated drugs
is estimated to be <$0.50 per person
per year (reviewed in [21]). Costs have
been kept low through the major dona-
tion programs by pharmaceutical com-
panies. These therapeutic interventions
have a major impact on morbidity which
can be measured in cost per disabili-
ty-adjusted life-years of only $5-$10 per
disability-adjusted life-year for eliminat-
ing lymphatic flariasis, and $10-$23 for
schistosomiasis [4, 21]. In addition to
health effects, there are significant gains
in education, agricultural productivity,
and poverty reduction [21]. It has been
estimated that for every dollar invested in
NTD control, economic productivity will
increase 50-fold (reviewed in [22]).

NTD RATES HIGHEST IN
COUNTRIES WITH POVERTY AND
CONFLICT

Yearly spending on healthcare in the
poorest countries is <$10 per capita
[20]. It is not surprising that the highest
prevalence of 10 NTDs occurs in nations
under conflict or with governments near
collapse [23]. The least developed coun-
tries also have the poorest health and
sanitation infrastructure. More than 950
million persons still have inadequate
sanitation, and 553 million lack access to
clean drinking water [22]. Meeting this
public health goal would have a signifi-
cant impact on NTD control.

FUNDING FOR BASIC AND
APPLIED RESEARCH ON NTDs

The funding of basic research on NTDs
must be increased to capitalize on new,
innovative technology in order to dis-
cover new drug targets, biomarkers, and
strategies for vector control. Although
MDA programs have dispensed millions
of drug doses for several targeted dis-
eases, there is concern about reaching
areas in politically unstable countries, as
well as the potential of MDA programs
to accelerate drug resistance [24]. One
cost-effective approach is to validate and
apply repurposed drugs, such as ivermec-
tin, praziquantel, and fexnidazole [25].
Auranofin, a repurposed drug approved
by the Food and Drug Administration
for rheumatoid arthritis, is in clinical tri-
als for amebiasis and giardiasis [26, 27].
Funding for all NTDs from the National
Institutes of Health was $100 milllion in
2017, with a 25% cut recommended by
the White House for 2018 [8].

Finally, basic research for drug therapy
can only help to identify new drug targets
or at best advance chemical “hits” to opti-
mize efficacy. There is still too little sup-
port of the medicinal chemistry required
to “translate” basic discoveries into clin-
ical candidates for NTDs. Furthermore,
support for preclinical packages (phar-
macokinetics/pharmacodynamics, —tox-
icology) and clinical trials is largely
lacking.

NTDs AS WORLDWIDE PROBLEM

Although NTDs have their largest impact
in the poorest countries, some affect the
poor and disenfranchised of all nations.
For example, most NTDs occur in the

middle-income countries of Brazil,

China, and India [23], and a recent sur-
veillance study in rural Alabama found
that more than a third of stool samples
tested positive for hookworm [28]. Local
transmission of dengue and Zika virus in
Texas and Florida provided further evi-
dence of the global threat of NTDs [29].
Localized pockets of poverty, immigra-
tion, international travel, and climate
change present additional challenges to
global control of NTDs and underscore
the need for additional funding from the
wealthiest countries and foundations.
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