
T h e  n e w  e ng l a nd  j o u r na l  o f  m e dic i n e

n engl j med 357;10 www.nejm.org september 6, 200754

review article

Current Concepts

Control of Neglected Tropical Diseases 
Peter J. Hotez, M.D., Ph.D., David H. Molyneux, Ph.D., D.Sc.,  

Alan Fenwick, Ph.D., Jacob Kumaresan, M.B., B.S., Ph.D.,  
Sonia Ehrlich Sachs, M.D., Jeffrey D. Sachs, Ph.D., and Lorenzo Savioli, M.D.

From the Sabin Vaccine Institute, and 
George Washington University, Wash-
ington, DC (P.J.H.); Liverpool School of 
Tropical Medicine Lymphatic Filariasis 
Support Centre and the Global Alliance 
to Eliminate Lymphatic Filariasis, Liver-
pool, United Kingdom (D.H.M.); the 
Schistosomiasis Control Initiative, Impe-
rial College London, London (A.F.); the 
International Trachoma Initiative, New 
York ( J.K.); the Earth Institute at Colum-
bia University, New York (S.E.S., J.D.S.); 
and the Department of Neglected Tropi-
cal Diseases, World Health Organization, 
Geneva (L.S.). Address reprint requests 
to Dr. Hotez at the Sabin Vaccine Insti-
tute and the Department of Microbiolo-
gy, Immunology, and Tropical Medicine, 
George Washington University and Sabin 
Vaccine Institute, Ross Hall 736, 2300 
Eye St., NW, Washington, DC 20037, or at 
mtmpjh@gwumc.edu.

N Engl J Med 2007;357:xxxx-xxxx.
Copyright © 2007 Massachusetts Medical Society.

The neglected tropical diseases are a group of 13 major disabling 
conditions that are among the most common chronic infections in the world’s 
poorest people. A blueprint for the control or elimination of the seven most 

prevalent neglected tropical diseases — ascariasis, trichuriasis, hookworm infection, 
schistosomiasis, lymphatic filariasis, trachoma, and onchocerciasis — has been es-
tablished by a group of private, public, and international organizations working to-
gether with pharmaceutical partners and national ministries of health. Through the 
newly established Global Network for Neglected Tropical Diseases, with updated guide-
lines for drug administration issued by the World Health Organization (WHO), part-
nerships are coordinating their activities in order to launch a more integrated assault 
on these conditions. If new resources are made available, as recommended by the 
Commission for Africa, a scaled-up approach to simple interventions could lead to 
sustainable decreases in poverty in some of the world’s poorest countries. These 
decreases would represent a major success story for the United Nations Millennium 
Declaration.

“O ther Dise a ses”

The Millennium Declaration, adopted by world leaders at the United Nations in Sep-
tember 2000, establishes an ambitious set of eight millennium development goals 
to eliminate extreme poverty, hunger, and disease by 2015. The sixth goal, “to combat 
HIV–AIDS [human immunodeficiency virus infection–acquired immunodeficiency 
syndrome], malaria, and other diseases,” specifically addresses the health and eco-
nomic impact of infectious diseases. This goal has led to considerable and welcomed 
large-scale financial support through ambitious initiatives sponsored by the Group 
of Eight (G8) governments to fight HIV–AIDS and malaria. These initiatives include 
the U.S. President’s Emergency Plan for AIDS Relief, the U.S. President’s Malaria Initia-
tive, and the Global Fund to Fight AIDS, Tuberculosis, and Malaria.1-5 However, pro-
grams to combat many of the “other diseases,” particularly the neglected tropical 
diseases, have not yet benefited from such support.1-5

The 13 parasitic and bacterial infections known as the neglected tropical diseases 
include three soil-transmitted helminth infections (ascariasis, hookworm infection, 
and trichuriasis), lymphatic filariasis, onchocerciasis, dracunculiasis, schistosomiasis, 
Chagas’ disease, human African trypanosomiasis, leishmaniasis, Buruli ulcer, lep-
rosy, and trachoma.2-4 An expanded list could include dengue fever, the treponema-
toses, leptospirosis, strongyloidiasis, foodborne trematodiases, neurocysticercosis, 
and scabies,4 as well as other tropical infections. The parasitic and bacterial diseases 
identified as being neglected are among some of the most common infections in the 
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estimated 2.7 billion people who live on less 
than $2 per day. These diseases occur primarily 
in rural areas and in some poor urban settings 
of low-income countries in sub-Saharan Africa, 
Asia, and Latin America (Table 1). The neglected 
tropical diseases lead to long-term disability 
and poverty.2-5,20 The poverty results from dis-
figurement or other sequelae of long-term illness, 
impaired childhood growth and development, 
adverse outcomes of pregnancy, and reduced pro-
ductive capacity (Table 2).3,21,22 These features 
contrast with those of emerging acute infections, 
such avian influenza, Ebola virus infection, and 
West Nile virus infection.5

In aggregate, the neglected tropical diseases 
cause approximately 534,000 deaths annually.4 
This substantial number of deaths is considerably 
less than that resulting from lower respiratory 
tract infections, diarrheal diseases, HIV–AIDS, or 
malaria. However, if metrics are applied to the dis-
ability and poverty associated with these diseases, 
the neglected tropical diseases can be shown to 
constitute large burdens on the health and eco-
nomic development of low-income countries. In 
terms of disability-adjusted life-years, the neglect-
ed tropical diseases together rank closely with di-
arrheal diseases, ischemic heart disease, cerebro-
vascular diseases, malaria, and tuberculosis as 

Table 1. The Major Neglected Tropical Diseases Ranked by Prevalence.*

Disease

Global  
Prevalence  
(millions)

Population  
at Risk

Regions of Highest  
Prevalence Source

Ascariasis 807 4.2 billion East Asia and Pacific Islands,  
sub-Saharan Africa, India, 
South Asia, China, Latin 
America and Caribbean

Bethony et al.,6 de Silva et al.7

Trichuriasis 604 3.2 billion Sub-Saharan Africa, East Asia  
and Pacific Islands, Latin 
America and Caribbean, India, 
South Asia

Bethony et al.,6 de Silva et al.7

Hookworm infection 576 3.2 billion Sub-Saharan Africa, East Asia  
and Pacific Islands, India, 
South Asia, Latin America  
and Caribbean

Bethony et al.,6 de Silva et al.7

Schistosomiasis 207 779 million Sub-Saharan Africa, Latin America 
and Caribbean

Steinmann et al.8

Lymphatic filariasis 120 1.3 billion India, South Asia, East Asia  
and Pacific Islands, sub-
Saharan Africa

Ottesen,9 WHO10

Trachoma 84 590 million Sub-Saharan Africa, Middle East 
and North Africa

International Trachoma 
Initiative,11 Médecins 
sans Frontières12 

Onchocerciasis 37 90 million Sub-Saharan Africa, Latin America 
and Caribbean

Basáñez et al.13

Leishmaniasis 12 350 million India, South Asia, sub-Saharan 
Africa, Latin America and 
Caribbean

Desjeux14

Chagas’ disease 8–9 25 million Latin America and Caribbean WHO15

Leprosy 0.4 ND India, sub-Saharan Africa, Latin 
America and Caribbean

International Federation of 
Anti-Leprosy 
Associations16

Human African trypanosomiasis 0.3 60 million Sub-Saharan Africa Févre et al.17

Dracunculiasis  0.01 ND Sub-Saharan Africa Carter Center18

Buruli ulcer ND ND Sub-Saharan Africa Global Buruli Ulcer Initiative19

* ND denotes not determined.
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being among the most important health problems 
in the developing world (Fig. 1).4,5 In addition, the 
effect of the neglected tropical diseases on worker 
productivity causes annual losses of billions of 
dollars.24-27 

Pr e v en ti v e Chemo ther a py

Through the expanded use of mass drug admin-
istration as well as targeted treatments, we now 
have the opportunity to control or even eliminate 
some of the most important neglected tropical 
diseases in terms of prevalence and disease bur-
den.1-5,20,28-39 The use of mass drug administra-
tion for the control of neglected tropical diseases, 
or preventive chemotherapy, was pioneered in Chi-
na. In that country, the prolonged and targeted 
use of salt containing diethylcarbamazine resulted 
in the elimination of lymphatic filariasis as a pub-
lic health problem,30 and the widespread use of 
praziquantel and other measures (including snail 
control and health education) is leading to the 
control of schistosomiasis.31 Egypt has also suc-
ceeded in reducing the prevalence of lymphatic fila-
riasis and schistosomiasis and their associated 
morbidity.30,35 

Such successes have laid a foundation for the 
establishment of international partnerships to 
control or eliminate these infections.1 A critical 
step occurred in the late 1980s, when Merck cre-
ated the first partnership to control a neglected 
tropical disease; this partnership was formed to 
deliver donated ivermectin to treat onchocerciasis.3 
To date, more than 300 million treatments have 
been provided, initially through the Onchocercia-
sis Control Program and subsequently through the 
African Programme for Onchocerciasis Control 
and the Onchocerciasis Elimination Program for 
the Americas.32 In addition, Pfizer has partnered 
with the International Trachoma Initiative to do-
nate azithromycin as part of a comprehensive 
program to eliminate trachoma,33 and Glaxo-
SmithKline is working with the WHO, Merck, and 
the Global Alliance to Eliminate Lymphatic Fila-
riasis to add donated albendazole to mass-drug-
administration regimens of either diethylcarbam-
azine or ivermectin.34 These efforts have resulted 
in the near elimination of lymphatic filariasis as 
a public health problem in Egypt, Samoa, and 
Zanzibar30,34,35 and of trachoma as a public health 
problem in Morocco.36 Similarly, using donated 
generic formulations of praziquantel from Med-

Pharm and other organizations, the Schistosomia-
sis Control Initiative and African health ministries 
have significantly reduced the disease burden of 
urinary and intestinal schistosomiasis in school-
children in six countries in East and West Afri-
ca,37,38 and the widespread use of albendazole and 
mebendazole is having an effect on school perfor-
mance and the disease burden of soil-transmitted 
helminth infections,6 especially ascariasis and 
trichuriasis, among children. Dracunculiasis is on 
the verge of being eradicated.18,40,41 Many of these 
large-scale programs are being conducted in re-
sponse to several World Health Assembly resolu-
tions calling for the global control or elimination 
of the neglected tropical diseases with the great-
est disease burden as a public health problem by 
the year 2020 or sooner.42,43

In tegr ation of Con trol 

Although great progress has been made in several 
countries,1-5,20,30-37 it is unclear whether existing 
financial resources and global political commit-
ments are sufficient to reach the World Health 
Assembly’s ambitious goals. Instead, it is likely that 
enhanced efforts will be required to expand glob-
al coverage and integrate measures to control the 
neglected tropical diseases. These efforts will in-
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Figure 1. The 10 Leading Causes of Life-Years Lost to Disability and Prema-
ture Death. 

The number of years lost to disability and premature death (disability-ad-
justed life-years) for the 13 major neglected tropical diseases were calculat-
ed according to a method we described previously.4 The disability-adjusted 
life-years for the other conditions are based on data from the World Health 
Organization.23 The ranking of disease burdens is based on data in Hotez.5
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volve harmonizing and coordinating the activities 
of the partnerships devoted to the control or elim-
ination of the seven most prevalent neglected trop-
ical diseases and linking them with national health 
ministries and the WHO. The rationale for inte-
grating preventive chemotherapy measures is based 
on the observation that there is extensive geograph-
ic overlap and coendemicity among these seven 
diseases (Fig. 2).2-5,20

 Populations in such regions are infected with 
several different parasites and have multiple ne-
glected tropical diseases simultaneously.2-5,20,46 
Therefore, the delivery of a rapid-impact package 
of drugs is beneficial. The rapid-impact package 
is so named because the drugs can be quickly 
deployed by community-based distributors, with 
rapid reductions in disabilities, improvement in 
well-being, and, in some cases, interruption of 
disease transmission. This package includes a 
combination of four of six drugs: albendazole or 
mebendazole, praziquantel, ivermectin or diethyl-
carbamazine, and azithromycin.2 Through coor-
dination of the partnerships to control neglected 
tropical disease and the public health infrastruc-

tures they create, these drugs can be delivered at 
an estimated cost savings of 26 to 47%.43 Because 
four of the six rapid-impact drugs are donated, the 
projected average total cost is as low as $0.40 to 
$0.79 per person per year in sub-Saharan Afri-
ca.2,43,47 Thus, an entire at-risk population of ap-
proximately 500 million could be treated for $400 
million or less annually. Such estimates are a frac-
tion of the annual costs of treatments with anti-
retroviral agents or directly observed multidrug 
therapy for tuberculosis.2 Moreover, the most 
prevalent neglected tropical diseases, especially 
hookworm infection and schistosomiasis, are fre-
quently endemic with malaria and HIV–AIDS,4,48-51 
and they have considerable coexisting or synergis-
tic effects.49-51 Therefore, preventive chemothera-
py could have an important collateral effect.4

To catalyze the integration of measures in order 
to control neglected tropical diseases, a group of 
partnerships that are committed to combatting 
the seven most prevalent of these diseases are co-
operating with each other in the Global Network 
for Neglected Tropical Diseases. This network op-
erates according to WHO treatment guidelines 

Figure 2. Nations with Five, Six, or Seven Neglected Tropical Diseases to be Targeted for Integrated Preventive Chemotherapy.

Of the 56 nations to be targeted with a rapid-impact package, shown in yellow, 37 are located in the World Health Organization (WHO) 
African region, 5 in the WHO region of the Americas, 5 in the WHO eastern Mediterranean region, 3 in the WHO Southeast Asia region, 
and 6 in the WHO Western Pacific region. Data regarding the occurrence of lymphatic filariasis, onchocerciasis, schistosomiasis, and 
the three soil-transmitted helminth infections are derived from the WHO.44 Data regarding the occurrence of trachoma are derived from 
the WHO.45 The five nations shown in orange — Burkina Faso, Ghana, Mali, Niger, and Uganda — will be targeted for integrated con-
trol in national programs through the support of the U.S. Agency for International Development Neglected Tropical Disease Control Pro-
gram beginning this year. The two nations shown in red — Rwanda and Burundi — will be targeted for integrated control in national 
programs through the support of Geneva Global beginning this year.
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and algorithms and with vector management and 
other environmental control measures (Table 3).44 

Integrated control of these diseases at the na-
tional level will require substantial financial re-
sources to expand coverage of community-based 
mass drug administration and targeted treat-
ments. The U.S. Agency for International Devel-
opment recently announced a 5-year, $100 million 
award to provide preventive chemotherapy for 40 
million people, and Geneva Global has commit-
ted $8.8 million for preventive chemotherapy in 
Rwanda and Burundi (Fig. 2). The Bill and Me-
linda Gates Foundation has awarded $47 million 
to address critically important questions regard-
ing operational research for effective integration. 
However, these awards constitute a fraction of the 
overall costs required to scale up programs in sub-
Saharan Africa and elsewhere. It is estimated that 
a 5-year program to control or eliminate the major 
neglected tropical diseases in sub-Saharan Africa 
could cost approximately $1 billion to $2 billion. 
An estimated $2 to $9 per disability-adjusted life-
year (i.e., per life year lost to disability or prema-
ture death) would be averted for deworming,52 
with up to 47% in cost savings through integra-
tion.43 This cost for the coordinated control or 
elimination of the seven most prevalent neglect-
ed tropical diseases represents a relatively inex-
pensive but potent public health intervention. It 
also represents a priority investment in human 
capital and a reduction in global poverty.53

the Need for Ne w T o ol s  
of Con trol

Despite its enormous benefits, preventive chemo-
therapy with the rapid-impact package will not af-
fect the three neglected tropical diseases with the 
highest rates of death — Chagas’ disease, human 
African trypanosomiasis, and visceral leishmani-
asis. Strategies to control these diseases are based 
on surveillance, early diagnosis and treatment, and 
vector control.17,54,55 These criteria for effective 
control present challenges because of the lack of 
appropriate diagnostic tools and safe drugs. To 
date, the greatest successes in the control of Cha-
gas’ disease and human African trypanosomiasis 
have occurred as a result of vector control. Vector 
control has dramatically reduced the transmission 
of Chagas’ disease in five South American coun-
tries.54 The transmission of human African try-
panosomiasis has been reduced through the use 

of simple, impregnated tsetse traps that supple-
ment surveillance and diagnostic measures.17

Although strategies to control and eliminate 
human African trypanosomiasis, leishmaniasis, 
and Chagas’ disease are available,56,57 ultimately, 
success will almost certainly depend on access to 
new and cost-effective products for improved con-
trol. However, in the absence of commercial mar-
kets for drugs for neglected tropical diseases, the 
pipeline of new drugs for these diseases has vir-
tually dried up during the past three decades.58 
In response to this crisis, partnerships have been 
established to address product development for 
neglected tropical diseases. These partnerships for 
product development are either exploiting newly 
completed genome projects for protozoan para-
sites59 in order to identify potential drug targets 
for high-throughput screening or taking more 
traditional approaches to drug development and 
clinical testing.60 As a result of these activities, 
several new antiprotozoan drugs are under devel-
opment for Chagas’ disease, leishmaniasis, and 
human African trypanosomiasis, including milt-
efosine, paromomycin, sitamaquine, imiquimod, 
a pentamidine analogue known as DB289, and a 
vinyl sulfone known as K777, as well as combina-
tions such as nifurtimox–eflornithine and paro-
momycin combined with antimonial agents.55,60-62 
Highly efficacious drugs for the treatment of Bu-
ruli ulcer have not been developed.

Even with regard to the proposed rapid-impact 
package, challenges remain. These challenges in-
clude integrated and rapid mapping of the seven 
targeted diseases; careful assessment of safety, 
compatibility, and compliance; integrated moni-
toring and evaluation that are compatible with the 
capacity of the health system, on the one hand, 
and with scientific need, on the other; cost-effec-
tiveness and cost–benefit studies; and analyses 
to determine the effect of integrated control on 
health systems.4,52 In countries such as Burkina 
Faso, Ghana, Niger, Nigeria, Togo, and Uganda, 
where integrated efforts to control neglected trop-
ical diseases are under way, additional challenges 
have included limited access to drugs such as ge-
neric praziquantel (which is not yet donated on a 
large scale) and albendazole (which is currently 
donated only for the control of lymphatic filaria-
sis), insufficient or fragmented funding, and a 
need for increased support from nongovernmen-
tal development organizations. In addition, Afri-
can health ministries are beginning to struggle 
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with the implementation of integrated control of 
neglected tropical diseases in the face of the de-
mands of other disease-control programs, includ-
ing G8-funded initiatives for HIV–AIDS, tubercu-
losis, and malaria. It is expected that these issues 
will pose particular challenges in areas that have 
experienced conflict and in fragile nation states. 

Studies to determine the rates of post-treat-
ment reinfection and to detect the emergence of 
anthelmintic drug resistance will be essential for 
monitoring and evaluation.4,5 The possibility that 
resistance has already emerged is a serious con-
cern, especially for the benzimidazole anthelmin-
tic agents (e.g., albendazole and mebendazole) and 
ivermectin,63,64 and without a new generation of 
tools for disease control and appropriate environ-
mental control measures, the risk of repeating past 
mistakes remains.3,4,65 Therefore, it is important 
to commit resources to the improvement of avail-
able diagnostic tests and surveillance tools, espe-
cially for lymphatic filariasis and onchocercia-
sis,32,66 and to develop and test new, promising 
anthelmintic drugs such as tribendimidine for 
soil-transmitted helminth infections,67,68 a new 
macrofilaricide, and antiwolbachia-based therapies 
for the elimination of onchocerciasis.13 Although 
they are still experimental, medical therapies tar-
geting wolbachia bacterial endosymbionts of fi-
larial parasites offer new approaches to the re-
duction of parasite reproductive capacity and 
parasite-induced inflammation.69 However, the 
best prospect for the sustainable control of the 
neglected tropical diseases is the development of 
vaccines.21 Several vaccines against neglected trop-
ical diseases, including vaccines against hook-
worm infection,68 schistosomiasis,70 and leish-
maniasis,71 are in phase 1 and phase 2 clinical 
trials by partnerships for product development.4,21 
In principle, it is possible to develop new “anti-
poverty vaccines” against all of the neglected 
tropical diseases21; these would be used as “vac-
cine-linked chemotherapy” alongside drugs in a 
comprehensive treatment and prevention frame-
work.72

Drug and vaccine manufacturers from so-called 
innovative developing countries are assisting part-
nerships in their efforts to develop new products 
to control neglected tropical diseases. These mid-
dle-income countries, such as Brazil, China, and 
India, have the technical and industrial capacities 
to produce new drugs, vaccines, and diagnostic 
tests.3,73,74 Enhanced support by the G8 govern-

ments would accelerate innovation and essential 
health research for the developing world.75

Publ ic Pol ic y for In tegr ated 
Con trol

The High-Level Forum on the Health Millenium 
Development Goals has described partnership ac-
tivities as best practices for moving forward a 
global agenda. Tackling neglected tropical diseases 
represents one of the “quickest wins” in terms of 
reducing the disease burden as well as develop-
ing new drugs and vaccines.2 There are addition-
al opportunities to bundle the control of neglect-
ed tropical diseases with the control of malaria 
and HIV–AIDS.76 Such measures could exploit the 
geographic overlap of these conditions48 as well 
as potential synergies in public health control, with 
resultant cost savings.50,77 For example, a recent 
study showed that the administration of drugs for 
neglected tropical diseases by community distrib-
utors resulted in a ninefold increase in the distri-
bution of antimalaria bed nets.77 

Through partnerships to control the neglected 
tropical diseases and the Global Network for Ne-
glected Tropical Diseases, a comprehensive frame-
work is in place to provide preventive chemothera-
py packages and to develop, test, and distribute a 
new generation of tools to control these diseases. 
This framework is an important model in disease 
control and poverty reduction. It also addresses 
important themes related to equity and ethics in 
developing countries78 and critical elements of 
humanitarian assistance; these themes could be 
incorporated into a larger foreign-policy frame-
work.5 According to the United Nations Special 
Rapporteur on the right to the highest attainable 
standard of health, an effective and integrated 
program to control neglected tropical diseases 
strengthens local health systems, fosters commu-
nity involvement in health, helps to ensure moni-
toring and accountability, and serves to destig-
matize these conditions by dispelling myths and 
misconceptions about them through evidence-
based information and education.78 The global 
community is now well positioned to control or 
eliminate neglected tropical diseases in develop-
ing countries and to link these efforts to programs 
to combat HIV–AIDS and malaria.

Dr. Hotez reports being director of the Human Hookworm 
Vaccine Initiative, which receives support from the Bill and Me-
linda Gates Foundation; an inventor on an international patent 
application (PCT/US02/33106) for hookworm vaccine; and presi-



T h e  n e w  e ng l a nd  j o u r na l  o f  m e dic i n e

n engl j med 357;10 www.nejm.org september 6, 200762

dent of the Sabin Vaccine Institute, which receives support for 
activities unrelated to control of neglected tropical diseases 
from Merck, Wyeth, and GlaxoSmithKline. Dr. Molyneux re-
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