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SUMMARY

In global health, critical challenges have arisen from infectious
diseases, including the emergence and reemergence of old and
new infectious diseases. Emergence and reemergence are acceler-
ated by rapid human development, including numerous changes
in demographics, populations, and the environment. This has also
led to zoonoses in the changing human-animal ecosystem, which
are impacted by a growing globalized society where pathogens do
not recognize geopolitical borders. Within this context, neglected
tropical infectious diseases have historically lacked adequate at-
tention in international public health efforts, leading to insuffi-
cient prevention and treatment options. This subset of 17 infec-
tious tropical diseases disproportionately impacts the world’s
poorest, represents a significant and underappreciated global dis-
ease burden, and is a major barrier to development efforts to alle-
viate poverty and improve human health. Neglected tropical dis-
eases that are also categorized as emerging or reemerging
infectious diseases are an even more serious threat and have not
been adequately examined or discussed in terms of their unique
risk characteristics. This review sets out to identify emerging and
reemerging neglected tropical diseases and explore the policy and
innovation environment that could hamper or enable control ef-
forts. Through this examination, we hope to raise awareness and
guide potential approaches to addressing this global health con-
cern.

INTRODUCTION

The 21st century has ushered in an era when globalization of
infectious diseases is occurring frequently and at an unprece-

dented speed (1). In this “globalized” environment of interdepen-
dent trade, travel, migration, and international economic mar-
kets, many factors now play an important role in the rise,
emergence, and reemergence of infectious disease, which necessi-
tates a coordinated, global response (1, 2). Of note, zoonotic dis-
eases (i.e., those infectious diseases that can be transmitted from
an animal to humans) account for the majority of emerging and
reemerging infectious diseases occurring due to increased contact
between humans and animals as a by-product of development,
industrialization, and encroachment on wildlife habitats, result-
ing in a dynamic upward trajectory of these diseases (3–6). Yet many
of these emerging and reemerging infectious diseases are also “ne-
glected,” meaning they impact the world’s poorest and lack adequate
funding and innovation for prevention and treatment, with some not
adequately identified or studied (7, 8).

Emerging infectious diseases (EIDs) and reemerging infectious
diseases (ReIDs) can arise due to a multitude of factors and influ-
ences and must be addressed dynamically by diverse sectors of
society; these include public health, medicine, environmental sci-
ence, animal health, food safety, economics, and public policy
stakeholders. A host of human-sourced and environmental fac-
tors complicate these actions, such as societal influences, human

susceptibility to infection, demographics, availability of health
care, food production, human behavior, trade and travel, environ-
mental and ecological changes, economic development, war and
famine, adequacy of public health infrastructures, man-made
events with intent to harm, and pathogen adaptation or evolution
(3, 9).

Striking examples of these EID events in play can be seen
throughout history, with the majority originating from zoonotic
pathogens from wildlife (3). These include the black plague of the
14th century, caused by Yersinia pestis. That plague event was
largely attributable to regional trade and societal influences, with
overcrowding, poor hygiene, and destruction of the predator of
the animal reservoir being leading causes for the rapid transmis-
sion of the illness (10). Human behavior and mobility can further
be implicated in sexually transmitted diseases such as HIV disease
(also originally caused by cross-species transmission), hepatitis,
gonorrhea, syphilis, and others, including in the context of rural
and low-income settings (11–14). Immunosuppression due to
HIV/AIDS coincided with the rise of opportunistic EIDs and
ReIDs in the 1980s (3).

The invention of new drugs to fight cancer or autoimmune
disease have also led to immunosuppression. This, along with the
development of antimicrobial resistance, has resulted in the emer-
gence of diseases that were otherwise rare (15, 16). Most notably,
the development of antimicrobial resistance with new pathogens
such as methicillin-resistant Staphylococcus aureus (MRSA), van-
comycin-resistant S. aureus (VRSA), extended-spectrum beta-lac-
tamase (ESBL)-producing Escherichia coli, multidrug-resistant
(MDR) and extensively drug-resistant (XDR) Mycobacterium tu-
berculosis, and a multitude of other microbial pathogens that were
once easily treated is now leading to new infectious disease threats
(17–20).

Beyond human action, extremes of weather and natural disas-
ters have also influenced vector-borne infectious disease spread,
suggesting a role for climate change in these events (3, 21–23).
Environmental changes such as the introduction of a new insect or
plant vector into a region or population have also led to rapid
transmission of diseases that were not previously prevalent, such
as in the case of Rift Valley fever, dengue, and malaria (3, 24).
Food-borne illnesses are another area of emergence, with out-
breaks of Salmonella, E. coli, and bovine spongiform encephalitis
all occurring due to poor food processing practices (25). Hence,
understanding the cause of a disease’s emergence can be critical to
its prevention and treatment (26).

Setting the stage for more recent attention to EIDs and ReIDs is
globalization, which is fueled by growing worldwide travel and
interdependent trade. Increasing globalization is linked to recent
seminal infectious disease events as well as future concerns for
global health emanating from large-scale population movement
and migration. For example, the 2002 severe acute respiratory
syndrome (SARS) outbreak and the 2009 H1N1 influenza pan-
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demic were considered to be directly related to globalization and
international travel (1, 27, 28). Large-scale international gather-
ings such as the Hajj in Saudi Arabia may also represent newly
recognized social mechanisms for rapid spread of infectious dis-
eases, such as the emergence of Middle Eastern respiratory syn-
drome (MERS), caused by the second novel coronavirus that has
been identified in just the past decade (29, 30). The emergence of
new influenza virus strains is also a growing concern. These in-
clude highly pathogenic avian influenza (HPAI) virus, with con-
cerns over its high virulence and case fatality rate having possible
disastrous public health effects should it mutate to maintain hu-
man-to-human transmission (31). Further, worrisome disease
outbreak events continue to occur worldwide. This includes the
first reported cases of infection with the highly contagious Ebola
virus (with its estimated mortality rate as high as 90%) being re-
ported in Guinea in March 2014 (32, 33). The Ebola outbreak has
now spread to other countries in West Africa, with close to 2,000
cases and approximately 1,000 deaths as of August 2014, and has
been declared a “public health emergency of international con-
cern” by the World Health Organization (WHO) (55).

Within the current discourse on emerging and reemerging in-
fectious diseases, there has also been criticism that global attention
has been unjustifiably focused on novel or newly recognized
pathogens at the expense of other, “older” diseases with higher
global disease burdens (27). This criticism can also be translated to
lack of global priority setting and attention to a group of histori-
cally neglected tropical diseases that currently infect more than 1
billion people and that have a high combined global burden of
disease, estimated at 56.6 disability-adjusted life years (DALYs) (7,
34, 35). Despite their deleterious social, economic, and health im-
pact, these “neglected” diseases continue to be an impediment to
human development and progress, though some international ef-
forts to address them are under way (36). The majority of these
neglected diseases are zoonotic and impacted by factors similar to
those associated with other emerging and reemerging infectious
diseases. However, there has never been a detailed identification
and examination of the subset of neglected tropical diseases
(NTDs) that are also classified as emerging and reemerging, de-
spite their unique threats to global public health.

This article presents an overview of emerging and reemerging
infectious diseases within the context of neglected tropical disease
concepts. It also identifies, characterizes, and assesses the com-
mon risk factors of a newly identified group of emerging and re-
emerging neglected tropical diseases (EReNTDs) that combine
these infectious disease categories. This article expands on previ-
ous work that first identified and defined the category of
EReNTDs by reviewing the medical literature for key topics re-
garding EReNTD-related risk factors, treatment options, public
health responses, recent developments in diagnosis and treat-
ment, organizations and initiatives addressing EReNTDs and
NTDs as a broader category, and existing and proposed innova-
tion mechanisms.

We conducted our review by searching the PubMed/
MEDLINE and Google Scholar databases to review the scien-
tific literature for discussion of these EReNTD subject areas.
We also conducted general Google search engine inquiries us-
ing key words associated with EReNTD subject areas and sup-
plemented the peer-reviewed literature with information from
data sources including news reports, press releases, organiza-
tion websites, and program and intervention descriptions.

Though this is not a systematic review, through this detailed
examination we aim to raise awareness of the unique threats and
challenges posed by EReNTDs, identify the current policy and
innovation environment for EReNTDs, and inform global efforts
moving forward.

EMERGING AND REEMERGING INFECTIOUS DISEASES

Definitions and Identification

National, regional, and international organizations, such as the
U.S. Centers for Disease Control and Prevention (CDC) and
WHO, have focused on EIDs and ReIDs due to the widespread
and often disastrous consequences that an emerging or reemerg-
ing pathogen can inflict across a population. The importance of
quarantine, border control, contact tracing, and disease surveil-
lance for EIDs/ReIDs has long been recognized, as well as the need
for proper assessment and identification of the changing nature of
these diseases.

The CDC defines “emerging infectious diseases” as those infec-
tions that are increasing over time or threaten to increase (37). It
further defines emerging infectious diseases as new infections re-
sulting from new unknown pathogens, known infections which
are increasing over new geographic areas, and known infections
that are reemerging as a result of both resistance to antimicrobial
therapies and the failure of public health measures (37). The CDC
currently recognizes over 50 emerging or reemerging diseases (Ta-
ble 1) and also publishes research on EIDs and ReIDs in its journal
Emerging Infectious Diseases (38). In addition, in the mid-1990s,
the CDC implemented the Emerging Infections Program, which
was begun as a response to the 1994 CDC strategy titled “Addressing
Infectious Disease Threats: a Prevention Strategy for the United
States,” which was also later expanded to international collaborations
through its International Emerging Infections Program as part of the
CDC’s Global Disease Detection Program (39, 40).

The U.S. National Institutes of Health (NIH) also recognizes
emerging and reemerging diseases as a distinct category. The NIH
defines emerging and reemerging disease by dividing them into
three groups (Tables 2 and 3) (41). Group 1 diseases include those
newly recognized in the last 20 years, group 2 diseases include
reemerging diseases, and group 3 diseases include those caused by
agents with potential for bioterrorism threat (Table 3) (41). Agen-
cies in other countries, such as the United Kingdom’s Public
Health England, the executive agency of the Department of
Health, also maintain their own lists of emerging infections and
agents, though the CDC and NIH lists are the most utilized (42).

Though arguably the NIH provides a more comprehensive list-
ing of potential EIDs/ReIDs than the CDC, it is important to note
that the lists do not completely overlap, with some infectious dis-
eases on one list and not on the other. In addition, the majority of
diseases on both the NIH and CDC lists are categorized in NIH list
group 3, emphasizing a focus and political prioritization on fund-
ing for public health issues categorized as having a bioterrorism
threat potential. We specifically provide these lists that identify
EIDs and ReIDs for later discussion and identification of NTDs
that overlap this category (i.e., EReNTDs).

NEGLECTED TROPICAL DISEASES

Background

Neglected tropical diseases (NTDs) are historically overlooked
diseases that have been neglected at the community, national, and
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international levels and are endemic in many resource-poor pop-
ulations and developing countries (7, 43, 44). The majority of
individuals and communities in these regions have far less access
to the resources necessary to address the social determinants of
NTDs and may live in poor sanitary conditions, have inadequate
nutrition, and lack access to necessary public health and health
care systems for treatment, despite many of these diseases being
preventable and/or treatable through specific low-cost interven-
tions (44–47). Efforts to protect the health of these populations
have been insufficient, with the global focus to identify and prior-

itize NTDs by the international community only “reemerging” in
the last decade following efforts by leading NTD researchers and
advocates such as the current president of the Sabin Vaccine In-
stitute, Peter Hotez (43).

WHO has specifically identified 17 core NTDs: dengue, ra-
bies, trachoma, buruli ulcer, endemic treponematoses, leprosy,
Chagas disease, human African trypanosomiasis (HAT), leish-
maniasis, taeniasis/cysticercosis, dracunculiasis, echinococco-
sis, food-borne trematodiases, lymphatic filariasis, onchocer-
ciasis, schistosomiasis, and soil-transmitted helminthiases
(Fig. 1 shows the taxonomy of these diseases) (36, 45). NTDs
are comprised primarily of viral, protozoan, helminthial, and
bacterial infections.

Many NTDs are also zoonotic and/or vector borne. Control of
human exposure to vectors and animal reservoirs can protect sus-
ceptible populations from NTDs and is a critical component of
prevention in the absence of effective therapeutics and vaccines (7,
45). These efforts can begin with surveillance of vector popula-
tions for signs of infection (34, 48). When it is impossible to ac-
curately monitor the distribution of vectors and intermediate
hosts, as it is for several insect vectors, educational campaigns to
promote avoidance may be an effective means to reduce the inci-
dence of associated NTDs (49, 50). Additionally, other methods of
the overall integrated strategy in controlling NTDs include the
control of intermediate hosts and vectors by use of environmen-
tally safe insecticides, the use of insecticide-treated nets and other
personal protective measures, alteration of the environment
through clearance of vegetation, improved sanitation to disrupt
breeding sites, and biological control though introduction of
competitor species to a vector (7, 51–53).

In support of raising awareness for vector-borne NTDs, WHO
highlighted that more than half of the world’s population is at risk
from vector-borne diseases (such as malaria and dengue) as its
main topic for World Health Day 2014 and provided the public
with information on how to prevent disease transmission (54).

TABLE 1 CDC list of emerging and reemerging pathogens or diseases

Pathogen or disease

Bovine spongiform encephalopathy
Campylobacteriosis
Chagas disease
Cholera
Cryptococcus
Cryptosporidiosis
Cyclosporiasis
Cysticercosis
Dengue fever
Diphtheria
Drug-resistant infections (antimicrobial resistance)
Ebola hemorrhagic fever
Escherichia coli infection
Group B streptococcus
Hantavirus pulmonary syndrome
Hendra virus
Hepatitis C
Histoplasmosis
HIV/AIDS
Influenza
Lassa fever
Legionnaires’ disease
Leptospirosis
Listeriosis
Lyme disease
Malaria
Marburg hemorrhagic fever
Measles
Monkeypox
MRSA
Nipah virus
Norovirus
Pertussis
Plague
Poliomyelitis
Rabies
Rift Valley fever
Rotavirus
Salmonellosis
Severe acute respiratory syndrome
Shigellosis
Sleeping sickness (trypanosomiasis)
Smallpox
Tuberculosis
Tularemia
Valley fever (coccidioidomycosis)
Vancomycin-intermediate or -resistant Staphylococcus aureus
West Nile virus
Yellow fever

TABLE 2 National Institutes of Health emerging pathogens or diseases,
groups 1 and 2

Pathogen or diseasea

Group 1
Acanthamebiasis
Australian bat lyssavirus
Babesia, atypical
Bartonella henselae
Ehrlichiosis
Encephalitozoon cuniculi
Encephalitozoon hellem
Enterocytozoon bieneusi
Hendra or equine morbillivirus
Human herpesvirus 8
Human herpesvirus 6
Lyme borreliosis
Parvovirus B19

Group 2
Enterovirus 71
Clostridium difficile
Mumps virus
Streptococcus, group A
Staphylococcus aureus

a Group 1, pathogens or diseases newly recognized in the past two decades; group 2,
reemerging pathogens.
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Socioeconomics and NTDs

NTDs are well categorized from a socioeconomic perspective.
NTDs, according to WHO, impact more than one billion people
(including an estimated 500 million children) from almost 150
countries and territories where they are endemic (7). In addition,
NTDs can also have a “hidden burden,” as they may also be prev-
alent in poorer populations living in wealthy countries, such as the
United States (36).

Exacerbating the impact of NTDs is inadequate or absent health
care capacity, especially since many NTDs are associated with
chronic conditions and are also made worse by ineffective case
detection/management, poor environmental conditions, rapid
urbanization, public health deficiencies, and poverty (7). Poverty
in particular is a key social determinant of uncontrolled NTD
spread and can lead to reduced economic productivity due to
long-term disability and morbidity, maternal-fetal and maternal-
child health issues, and other health-related challenges that lead to
infected individuals and their communities being caught in a
health-related “poverty trap” (7, 34, 43, 47, 56). The impact of
NTDs is hence disastrous in resource-poor settings and has been
associated with broader societal disruptions, including political
instability, civil strife, stigmatization, and destabilization of local
communities (56, 57).

Consequently, given that developed countries have relatively
low NTD transmission, this results in NTDs disproportionately
impacting the poorest and most vulnerable, and unlike certain
EIDs and ReIDs, they have also been historically neglected in drug
development efforts (43, 44, 58–60). This, coupled with overall
mortality rates that are lower (though possibly underestimated)
then those for other infectious diseases such as HIV/AIDS or ma-
laria, relegates NTDs to being “hidden” diseases with limited di-
agnostic, treatment, and public health interventions despite their
substantial global disease burden, which combined is estimated to
have higher disability-adjusted life years (DALYs) than malaria
and tuberculosis (TB) (7, 34, 35, 43, 44, 56, 61–64).

NTD Support, Funding, and Ongoing Challenges

Despite challenges associated with NTDs, some progress has been
made toward treating, controlling, eliminating, and possibly erad-
icating certain NTDs. This includes the elimination of leprosy in
116 of 122 countries where it is endemic, a massive reduction in
the number of people infected with and ongoing global efforts to
completely eradicate dracunculiasis, worldwide declines in inci-
dence of onchocerciasis, and reductions in the transmission and
prevalence of a number of other NTDs in certain regions of ende-
micity (65–67). This progress has been made possible in part due

TABLE 3 NIH emerging pathogens or diseases, group 3: potential
bioterrorism threats

Pathogen and/or diseasea

Category A
Bacillus anthracis (anthrax)
Clostridium botulinum toxin (botulism)
Yersinia pestis (plague)
Variola major virus (smallpox) and other related poxviruses
Francisella tularensis (tularemia)
Viral hemorrhagic fevers
Arenaviruses (lymphocytic choriomeningitis virus, Junin virus, Machupo

virus, Guanarito virus; Lassa fever)
Bunyaviruses (hantaviruses; Rift Valley fever)
Flaviviruses (dengue virus)
Filoviruses (Ebola virus, Marburg virus)

Category B
Burkholderia pseudomallei
Coxiella burnetii (Q fever)
Brucella species (brucellosis)
Burkholderia mallei (glanders)
Chlamydia psittaci (Psittacosis)
Ricin toxin (from Ricinus communis)
Epsilon toxin of Clostridium perfringens
Staphylococcus enterotoxin B
Rickettsia prowazekii (typhus fever)
Food- and waterborne pathogens (bacteria, diarrheagenic E. coli,

pathogenic vibrios, Shigella species, Salmonella, Listeria monocytogenes,
Campylobacter jejuni, Yersinia enterocolitica; viruses, caliciviruses,
hepatitis A virus; protozoa, Cryptosporidium parvum, Cyclospora
cayatanensis, Giardia lamblia, Entamoeba histolytica, Toxoplasma;
fungi, microsporidia; additional viral encephalitides, West Nile virus,
La Crosse virus, California encephalitis virus, Venezuelan equine
encephalitis virus, Eastern equine encephalitis virus, Western equine
encephalitis virus, Japanese encephalitis virus, Kyasanur Forest virus)

Category C
Emerging infectious disease threats such as Nipah virus and additional

hantaviruses
Tick-borne hemorrhagic fever viruses (Crimean-Congo hemorrhagic

fever virus)
Tick-borne encephalitis viruses
Yellow fever
Tuberculosis, including drug-resistant tuberculosis
Influenza
Other rickettsias
Rabies
Prions
Chikungunya virus
Severe acute respiratory syndrome associated coronavirus
Antimicrobial resistance, excluding research on sexually transmitted

organisms*: Research on mechanisms of antimicrobial resistance,
Studies of the emergence and/or spread of antimicrobial resistance
genes within pathogen populations, Studies of the emergence and/or
spread of antimicrobial-resistant pathogens in human populations,
Research on therapeutic approaches that target resistance mechanisms,
Modification of existing antimicrobials to overcome emergent
resistance

Antimicrobial research, as related to engineered threats and naturally
occurring drug-resistant pathogens, focused on development of broad-
spectrum antimicrobials

Coccidioides immitis (added February 2008)
Coccidioides posadasii (added February 2008)

TABLE 3 (Continued)

Pathogen and/or diseasea

NIAID category C antimicrobial resistance-sexually transmitted excluded
organisms (bacterial vaginosis, Chlamydia trachomatis, cytomegalovirus,
Granuloma inguinale, Haemophilus ducreyi, hepatitis B virus, hepatitis C
virus, herpes simplex virus, human immunodeficiency virus, human
papillomavirus, Neisseria gonorrhea, Treponema pallidum, Trichomonas
vaginalis

a Category A priority, pose highest risk to national security and public health, easily
disseminated/high mortality; category B priority, second-highest priority, moderately
easy to disseminate/low mortality; category C priority, third-highest priority, includes
emerging pathogens that could be mass produced and easily disseminated.
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to medicine donations (primarily in the form of preventive che-
motherapy) from a number of pharmaceutical manufactures, in-
cluding Bayer, Eisai, Gilead Sciences, GlaxoSmithKline, Johnson
& Johnson, Merck & Co., Inc., Novartis, Pfizer, and Sanofi. These
donations are often in the form of commitments for large or un-
limited quantities of medicines, leading to increased treatment
coverage that has been enabled by campaigning and fund raising
by the WHO and Carter Center (45). NTD policies have also ben-
efited from recent increased political attention and prioritization,
new partnerships, and funding commitments specifically devoted
to combating NTDs, including some US$1.2 billion in grants from
the Bill and Melinda Gates Foundation (BMGF) aimed to fill gaps
in, rather than duplicate, disease research funding streams (35, 44,
45, 68, 69).

Collectively these efforts aid in attaining global goals outlined in
the WHO “Roadmap for Implementation” published in 2010,
which sets targets for the eradication (i.e., permanent reduction to
zero of the worldwide incidence of infection) of dracunculiasis
and yaws by 2015 and 2020, respectively, and elimination (i.e.,
reduction to zero of the incidence of disease or infection in a
defined geographical area) of five other NTDs by 2015 and of 10
others by 2020 (45, 70). However, even though there have been
recent declarations increasing financial commitments to NTDs,
overall funding is lower than and insufficient compared with that
for other global health issues (71). This situation continues despite
findings that investment in NTD control can generate high rates of
economic return and social benefit (66, 72).

As an example, the incidences of lymphatic filariasis, onchocer-
ciasis, schistosomiasis, and soil-transmitted helminthiases would
likely dramatically decrease if NTD-preventive chemotherapy
(also known as mass drug administration) were more broadly
implemented and scaled-up in countries where these diseases are
endemic (7, 73–76). Several regions would also clearly benefit
from the delivery of rapid-impact packages. These packages are
disseminated quickly by community-based organizations and
generally contain four of the six following drugs: albendazole,
mebendazole, diethylcarbamazine, ivermectin, praziquantel, and
azithromycin (8). Providing Africa with packages of albendazole,
ivermectin, azithromycin, and praziquantel has been evaluated as
having a yearly cost of $200,000,000 for the preventive chemother-
apy of 500,000,000 individuals (with any of 7 NTDs), resulting in
significant treatment cost-effectiveness of only $0.40 per person
per year (77). Including indirect costs to the broader economy
suggests even greater cost-efficacy, as there is considerable savings
in averting decreased labor productivity from NTD infection (78).

Specific to NTD funding, the relatively small total share of
global public health financing allocated for NTDs acts as critical
factor hampering effective scale-up of NTD control and treatment

and meeting WHO’s goals of NTD elimination and eradication,
many of which are less than a decade away (35, 45, 57, 69). At a
mere average of 0.6% of total official development assistance for
health as tracked by the Institute for Health Metrics and Evalua-
tion, NTD-dedicated funding remains dwarfed by investments in
diseases such as HIV/AIDS (36.3%), malaria (3.6%), and TB
(2.2%) (69, 72).

Research and development (R&D) funding for NTDs, reported
at some $3 billion in 2011, has also experienced recent nominal
declines following the global financial crisis, after steady gains up
until 2009 (71). Relatively unchanging levels of resources commit-
ted to NTD R&D funding have also seen shifts in donor sources,
with public and philanthropic funding decreasing and industry-
based funding increasing (71). Overall, funding inadequacies con-
tinue despite the high global disease burden of NTDs and avail-
ability of cost-effective interventions that can decrease morbidity
and mortality from them. Decreased morbidity and mortality can
subsequently lead to economic development that can improve the
underlining social determinants that worsen NTD susceptibility,
exposure, and transmission (47, 57, 69).

Key Characteristics and Factors Associated with NTDs

Provided adequate funding and international commitment to
NTDs is achieved, global elimination and eradication goals will
also need to take into account the unique characteristics and chal-
lenges associated with NTD control, treatment and prevention in
order to be successful. Below we highlight in brief some of the key
characteristics and factors associated with NTDs.

Neglected Zoonotic Diseases

Neglected zoonotic diseases (NZDs) are a subset of NTDs priori-
tized by the WHO that are transmitted between humans and other
vertebrate animals (51). The transmission of these NZDs may be
direct or indirect through vectors such as mosquitos, ticks, animal
reservoirs, or other zoonotic agents found in water, food, and soil
(51). The existence of these diseases raises the importance of broad
ecologies that influence the protection of human populations, the
need for more robust surveillance in animal vectors, and the real-
ity that they are especially difficult to control or eliminate due to
their nonhuman reservoirs (79). Integrated control and manage-
ment of NZDs is important given their disproportionate impact
on the poor, possible underreporting in incidence, availability of
simple and relatively low-cost tools and strategies for control,
and that they present a dual burden of disease on both humans
and animals (80). Seven of the 17 NTDs are identified as tar-
geted NZDs by WHO: rabies, human African trypanosomiasis,
leishmaniasis, taeniasis/cysticercosis, echinococcosis, food-
borne trematodiases, and schistosomiasis (81).

FIG 1 Neglected tropical disease agent taxonomy.
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Geographic, Environmental, and Social Determinants

Several geographic, environmental, and sociocultural qualities
may predispose individuals to contracting tropical diseases
(82–88). The climate between the Tropic of Cancer and the Tropic
of Capricorn (i.e., the “tropics”) is especially conducive to NTD
vectors. Given that over 40% of the human population (about 3
billion people) currently live in the tropics, there is a high poten-
tial for NTD risk in the overall global population and for an in-
crease of NTD prevalence, especially absent enhanced public
health efforts (89, 90). However, several factors have also permit-
ted these diseases to affect populations outside these tropical re-
gions that are typically areas of endemicity (91, 92). These include
ecology and broader environmental factors such as climate change
and its association with changes in disease vectors, as well as a lack
of adequate public health efforts specifically targeted at NTDs in
these regions (45, 93).

As an example, individuals living near bodies of water are more
susceptible to NTDs whose vectors (such as mosquitos) rely on
aquatic ecosystems (94). Several insect vectors are likely to better
reproduce and transmit diseases within certain ranges of temper-
ature and humidity that may be geographically specific (95, 96).
Therefore, global trends in changing climate may facilitate the
migration of NTD vectors into new regions where they previously
were not endemic, such as in the case of association between
changes in weather and increased dengue incidence (93, 97, 98).

Elimination of an NTD can also be complicated by environ-
mental issues, such as in the case of regions that present beneficial
environments for NTD vectors, requiring more aggressive and
targeted vector control efforts than in regions and environments
less conducive to the NTD’s vector (95, 99). Short epidemics of
visceral leishmaniasis (also known as kala-azar) were observed in
the northeast South American cities of São Luis and Teresina dur-
ing major droughts caused by El Niño in 1983 to 1985 and 1992 to
1994 (100, 101). Such events are examples of temporary occasions
where it is more advantageous for the sand fly vector to exist in a
novel environment, possibly due to brief, dramatic decreases in
humidity or food supply in their usual environment (102–105).
Hence, more intense public health efforts would be required to
facilitate the end of leishmaniasis endemicity in perpetually con-
ducive regions than in the natural ending of El Niño in these
northeast South American cities (99).

The distribution of social roles may also result in differential
risks for NTD transmission and infection (106). As an example,
women responsible for collecting water and children who play in it
or in mud may expose themselves to NTD vectors that thrive near
aquatic environments. This represents a social dynamic in disease
transmission that requires targeted intervention such as providing
better access to clean water, education, and improved sanitation
(97, 107).

Other social determinants of health, including labor and work-
force issues, can also have an impact (108–110). Families and
communities that more often rely on outdoor activity for labor
and income, such as agricultural or sustenance farming, are more
likely to encounter NTDs than those who are engaged in other
professions (108). This also ties into risks associated with individ-
uals who lack access to education, who may consequently be less
able to avoid riskier or more infectious disease-related occupa-
tional exposures than those that have received higher levels of
education (47, 111–113). Likewise, interventions that utilize local

school systems to provide health education on vector avoidance,
though representing a cost-effective health promotion interven-
tion to reduce the NTD disease burden among children, require
those at the highest risk to have adequate access to primary edu-
cation (114).

As discussed above, poverty also has strong links to NTDs, spe-
cifically by its social expression as substandard housing condi-
tions, lack of access to safe water, and poor environmental sanita-
tion (115–118). A major determinant of risk for NTD
transmission is poor housing (e.g., cracked mud walls, thatched
roofs, damp earthen floors, or lack of indoor plumbing), which
can obstruct and complicate vector control efforts, leading to in-
creased exposure to diseases such as dengue, leishmaniasis, lym-
phatic filariasis, and Chagas disease. This occurs in resource-poor
and even developed country settings in low-income communities
(115–118). Poor sanitation due to inadequate garbage disposal/
collection can also result in breeding sites for many NTD arthro-
pod vectors (such as the sandfly) and subsequently increased risk
(115, 116). Vector control efforts aimed at controlling infestation
through spraying of insecticides is often relied upon but may have
limited effectiveness (119). Other strategies aimed at community-
based housing improvement in rural settings, including the use of
low-cost techniques for housing construction, selection of hous-
ing sites away from vector habitats, improving water storage,
building latrines for improved sanitation, and minimizing clus-
tering or crowding, may be more effective long-term strategies for
reducing transmission (51, 120, 121).

Ecology and Economic Development

With the exceptions of Singapore, Hong Kong (Special Adminis-
trative Region of People’s Republic of China), and Equatorial
Guinea, no tropical countries/territories are classified as high in-
come using data and definitions from the World Bank. Lower
relative wealth in equatorial regions can be considered both an
associated risk and an enabling factor for the spread and incidence
of NTDs and other tropical diseases (34).

Ecology and economic development also play important con-
tributing roles in this risk dynamic (88, 122). Regions around the
equator receive more direct sunlight than less-equatorial regions,
thereby increasing the ability of plants to survive (123). This pro-
liferation in primary energy production through plant life results
in higher levels of biodiversity throughout ecological food webs in
tropical regions (124). Specifically, this can result in an environ-
ment with a higher presence of parasites (organisms associated
with many NTDs) and their vectors that ultimately infect human
hosts (3). Favorable weather conditions with high levels of heat
and humidity in these regions provide an environment conducive
to existing NTD parasitism, as they are similar to the environ-
ments in which the coevolutionary relationships between para-
sites and their environment were originally formed (125, 126).
Therefore, humans living in tropical regions are subject to a
greater exposure to parasitic diseases, which has historically inhib-
ited human development and also leads to greater levels of poverty
(127).

Negative impacts on human and economic development activ-
ity are also exacerbated by NTD-associated disabilities, which are
often severe (88, 128). Disability and morbidity arise from a host
of NTD-related symptoms, which may include excessive bleeding,
paralysis, hallucinations, delirium, blindness, seizures, elephanti-
asis, and extreme pain (7, 45). In this sense, factors related to the
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ecology, weather, and environment in regions where NTDs are
endemic all intersect and contribute to negatively impact eco-
nomic and human development, which leads to increased risks
and health consequences of NTDs (129).

Maternal and Child Health Impact

Over one-third of pregnant women in sub-Saharan countries are
estimated to be infected with an NTD agent (130, 131). These
diseases can have a significant negative impact on maternal and
child health if not detected and treated appropriately (132, 133).
This includes exacerbating blood loss during pregnancy (a leading
cause of maternal death), mother-to-child transmission (e.g., of
Chagas disease), and gender-specific consequences of NTDs such
as female urogenital schistosomiasis (36, 134).

NTDs may also prevent adequate nutrient delivery for proper
fetal and childhood development (135, 136). This can lead to low
birth weight, which is associated with impaired cognitive and
physical development (137). For example, intestinal worms aris-
ing from organisms such as soil-transmitted helminths may in-
hibit proper nutrient absorption, thereby hindering proper phys-
ical growth, and can also lead to impairments related to chronic
anemia (138, 139). This can result in long-term health, physical,
and cognitive impairments in children who contract an NTD, a
result that can have a significant impact on the global burden of
disease and economic development through increased disability
and morbidity impacting future productivity and income gener-
ation (7, 133, 140).

In addition, the potential for pain and discomfort from immu-
nological reactions, including fever and inflammation, may fur-
ther diminish pediatric health. A child’s abilities to play, learn, and
intellectually develop are seriously impaired by NTDs (141–144).
Accordingly, children with NTDs have higher rates of absenteeism
than their healthier counterparts, which decreases their capacity
to benefit from education, can lead to stigmatization, and can
reduce their future earning potential and economic output (45,
142). Administering antihelminthic drugs to schoolchildren as
part of a deworming program can be an effective way to decrease
the burden of parasitic infection on children and has been associ-
ated with increased school performance (145–147).

EMERGING AND REEMERGING NEGLECTED TROPICAL
DISASES

Background

Emerging and reemerging neglected tropical diseases (EReNTDs)
(sometimes denoted emerging and reemerging infectious ne-

glected tropical diseases) are an aggregation of disease states that
are significant due to challenges associated with their prevention
and treatment, their geographical expansion, and their negative
impact on economic and social progress (8). Specifically, they are
a subset of the 17 NTDs identified by WHO that are also classified
by the CDC as emerging and reemerging infectious diseases as first
identified and defined by Mackey and Liang (8). Five specific
EReNTDs are identified: dengue, Chagas disease, cysticercosis,
human African trypanosomiasis, and rabies. Human African
trypanosomiasis has been included as an EReNTD in this work, as
it fits the criteria outlined and was previously not well recognized
for its emergence/reemergence.

The global importance and challenges of NTDs are magnified
for EReNTDs, which present their own unique global public
health challenges that have yet to be adequately identified or ad-
dressed. EReNTDs are defined as NTDs with a human incidence
that has rapidly increased in the last 2 decades and/or “threatens to
increase in the near future” (8). Compared with the broader cat-
egory of NTDs, EReNTDs present the additional risks associated
with being both EIDs and ReIDs: they pose a potential “dual”
threat given that they are spreading and emerging in areas where
they were previously not endemic and are also “neglected.”

Consequently, EReNTDs impact the world’s poorest popula-
tions who have few treatment options, are often not a priority in
global and national disease prevention and control programs, and
hence are absent for the most part in private sector pharmaceuti-
cal pipelines (7, 9). In fact, the “neglected” aspect of many diseases
may be a contributing factor leading to their emergence or re-
emergence as infectious diseases. Additionally, since EReNTDs
lack adequate prioritization in global health interventions and
policy and innovation efforts, they have the potential to continue
to spread and impact millions who are least able to combat them.

At present, although deemed a subset of NTDs, EReNTDs are
important to address independently. Not only do EReNTDs have
devastating impacts on affected countries and regions, their po-
tential to spread to other areas provides a crucial case study in the
globalization of diseases of poverty that do not respect geopolitical
borders (8). Sharing common characteristics of EIDs and ReIDs,
the spread of EReNTDs is accelerated by ever increasing global-
ization, travel, and trade, as well as environmental factors, climate
change, population growth, migration, urbanization and new un-
regulated medical practices such as transplant tourism (7, 148–
150). Table 4 provides a list and summary of some of the key
characteristics of the identified EReNTDs.

Three of the five EReNTDs are also categorized as targeted

TABLE 4 Key Characteristics of EReNTDs

EReNTD

List (CDC,
NIH, or
both

Potential for
bioterrorism
(NIH)

WHO priority
neglected
zoonotic disease Disease agent class Etiological agent Animal vectors/reservoirs

Chagas disease CDC Not listed No Parasitic (protozoon) Trypanosoma cruzi Triatomine bug (genus Triatoma)
Cysticercosis CDC Not listed Yes Parasitic (helminthiases) Taenia solium Porcine (family Suidae)
Dengue Both Category A No Viral Flaviviruses Mosquito (Aedes aegypti)
Human African

trypanosomiasis
CDC Not listed Yes Parasitic (protozoon) Trypanosoma gambiense;

Trypanosoma rhodesiense
Tsetse fly (genus Glossina)

Rabies Botha Category C Yes Viral Rabies virus Multiple animal vectors (e.g.,
genus Canis and family Suidae)

a Rabies as a broad category is listed both on the CDC list and as an NIH list group 3, category C, infectious disease. Australian bat lyssavirus, which causes a form of rabies is also
listed as an NIH list group 1 infectious disease newly recognized in the past 2 decades.
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WHO NZDs (Table 4), emphasizing the importance of assessing
these diseases from a multidisciplinary approach that considers
the interaction between human and animal health ecosystems (8,
151–153). All EReNTDs are caused by either parasitic or viral
disease agents, some with single/primary animal vectors/reser-
voirs and others (e.g., rabies) with multiple animal reservoirs.
Two of the EReNTDs are also listed on the NIH group 3 list (den-
gue [category A] and rabies [category C]), indicating a possible
need for assessment of their potential use as bioterrorism agents.
Below, the characteristics of each of the identified EReNTDs, their
unique risk factors, prevention and treatment options, and recent
developments are reviewed.

Identified EReNTDs

Dengue. Dengue, also known as “breakbone fever,” is an acute
febrile disease caused by one of five serotypes of arthropod-borne
dengue viruses and is characterized as an “old” disease that has
reemerged in the last half of the 20th century (154, 155). Its ar-
thropod vector is the Aedes aegypti mosquito, with transmission
resulting in symptoms that become more pathognomonic as the
disease progresses (156).

Infection can lead to dengue hemorrhagic fever (DHF) and in
some severe cases, such as in those who suffer from dengue shock
syndrome (DSS), can lead to death (7, 156). Common symptoms
are high fever, headache, abdominal pain, myalgia, arthralgia, and
rash; in severe cases of DHF and DSS, symptoms are accompanied
by thrombocytopenia, vascular leakage, and hypotension (154).

Dengue and its clinical and social manifestations are a tremen-
dous public health concern, and due to its undifferentiated pre-
sentation at early onset in roughly half of cases, it may be difficult
to diagnose (156). Dengue virus infects between 50 million and
100 million people globally, has a geographic distribution in more
than 125 countries, has increased in incidence 30-fold in the past
50 years, represents a leading cause of childhood hospitalization
and mortality, and is endemic in all WHO regions except Europe
(7, 45, 157). Hence, it is one of the most widespread flaviviruses
globally (7, 9, 158, 159).

Dengue flourishes in tropical and subtropical regions, and it is
estimated that 40% of the world’s population inhabit areas where
transmission occurs (160). It is especially prevalent in environ-
ments that have limited or no public health water management
systems, leading to uncontrolled mosquito breeding of the arthro-
pod vector (7, 155).

According to WHO, dengue outbreaks are increasing in fre-
quency and expanding geographically, even given underreport-
ing, which would tend to significantly underestimate the actual
severity and impact; WHO has hence identified dengue as an in-
ternational public health priority (7, 161). In fact, recent disease
surveillance modeling has estimated that the annual global inci-
dence could be closer to 390 million, approximately three times
higher than current WHO estimates (155). Adjusting incidence
reports may bring this number even higher, while mechanistic
pathological characterization remains a challenge to identifica-
tion, surveillance, and diagnostic and vaccine development (154,
162–165). Further complicating these challenges, a fifth new sero-
type of dengue virus was reported in late 2013, confounding ef-
forts to develop a potential vaccine that can effectively protect
against all types of the disease (155).

As it is an EReNTD, dengue resurgence or emergence is occur-
ring in many poorer regions with no previous experience in pre-

venting, combatting, or controlling it or in regions that have not
had a reported case in greater than 20 years (159, 166). As an
example, Latin America has experienced a constant increase in
dengue and DHF cases since 2003 (160). Specific factors that lead
to increased local outbreaks echo some of the challenges of other
NTDs as well as its own contextual vector and transmission mech-
anisms, and these include rapid urbanization, global warming/
climate change, lack of vector control, fundamental public health
and social infrastructure failures (e.g., in waste management and
disposal), and poor hygienic household water storage (167–169).
These factors and individual country resource challenges have cre-
ated social vulnerabilities for those regions with limited clinical or
disease surveillance capacity. The fact that dengue is often left
underprioritized in comparison to the push for economic devel-
opment may also create enabling conditions (8).

Yet despite its characterization as an EReNTD and its severe
impact on developing regions, dengue is not confined solely to
resource-poor settings of endemicity. The disease spread has been
increasingly associated with global travel to tropical and subtrop-
ical regions that are popular tourist destinations for travelers from
high-income countries. It has also been identified as a risk for
military populations who operate in areas of endemicity (161, 170,
171). Outbreaks and related seasonality-based transmission have
led to dengue’s spread internationally, particularly to vector-
friendly habitats such as heavily urbanized regions (167). Indeed,
outbreaks in the U.S. states of Texas, Hawaii, and Florida and
other areas where it is not endemic highlight the growing global
health risk of disease transmission of this EReNTD (9, 172). It has
been estimated that dengue accounts for 2% of all travel-related
illness of those returning from regions of endemicity, especially
Southeast Asia (161). Risk factors include length of stay, season of
travel, and prevalence of dengue at the destination country. Early
diagnosis and appropriate clinical management/treatment are
viewed as crucial prevention and treatment responses to limit in-
ternational spread (161, 170).

Generally, public health interventions for dengue focus on en-
vironmental and vector management. These include employing
integrated multiagent insecticides as a vector control methodol-
ogy and an emphasis on early case detection, despite its challenges
(7, 156, 173). Although there may be a positive impact from these
environmentally driven interventions, integrated vector control
has been criticized for being largely ineffective and costly and for
its negative impact on the environment due to insecticide resis-
tance and toxicity (160). Unfortunately, the lack of any prophy-
laxis for cost-effective and direct treatment means that vector con-
trol is currently the only feasible response for this widespread
EReNTD despite criticism of these measures (154). This makes
clear the need for renewed research efforts into preventive health
strategies to address dengue (160).

Research efforts to develop a dengue vaccine have been ongo-
ing for more than 70 years; however, these are still in experimental
stages, and no licensed vaccines, or, indeed, antiviral agents, are
available to prevent or treat the disease (171, 174). Vaccine devel-
opment for dengue is inherently complex and rife with challenges,
such as its unique pathogen-host interaction, absence of a viable
animal model for vaccine development, issues of possible vaccine
immunogenicity, and need for a vaccine that responds to all den-
gue virus serotypes administered in a single formulation (which is
necessary because vaccination against a single serotype can lead to
DHS when infection occurs from another serotype due to anti-
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body-dependent enhancement) (154, 171, 175, 176). Reflecting
these challenges, in late 2012, Sanofi Pasteur announced that its
much anticipated development of a live-attenuated, tetravalent
chimeric dengue-yellow fever vaccine showed limited protective
immunity against the first four dengue virus serotypes (177).

Dengue is an important EReNTD focus beyond its direct global
health impact on patient populations. It is also of concern because
of an increase in mortality due to a increasing incidence of DHF
and DSS as well as its complex immunopathophysiology (154).
This may reflect viral evolution toward greater virulence, poten-
tially from patient reinfection by one of the now five different
dengue virus serotypes, which results in only partial immunity (9,
159, 168). Such shifts emphasize the need to control the spread of
disease through development of effective prevention and surveil-
lance controls, particularly in environments with accelerating re-
surgence (169, 178–180).

Hence, dengue specifically raises concerns regarding the in-
creasing incidence and clinical severity of this EReNTD. It is a
growing concern due to dengue’s spread through global travel to
and from tropical destinations, its intensification, and the lack of a
primary vaccine for prevention or drug treatment. The increasing
incidence and disease severity of dengue are occurring due to glo-
balization, yet combating the disease has not sufficiently been ad-
dressed in drug innovation and discovery efforts, illustrating how
an EReNTD can quickly develop from a regional issue to a global
health concern.

Chagas disease. Chagas disease, also known as American
trypanosomiasis, is an EReNTD caused by the protozoan parasite
Trypanosoma cruzi. It is a common chronic, systemic infection,
impacting approximately 7 to 8 million people worldwide, and has
an annual mortality rate of approximately 10,000 (7, 45, 181, 182).
New cases arise primarily in the poor within areas of Latin Amer-
ica where it is endemic, although like other EReNTDs, it is spread-
ing outside regions of endemicity (45, 183). Chagas disease can
also lead to significant economic losses due to reduced productiv-
ity from early-age mortality and disability (47).

The parasite can infect a number of wildlife and domestic an-
imal species reservoirs and is spread to humans generally through
contact with T. cruzi-containing fecal matter deposited by the tri-
atomine insect near the site of its bite or mucous membranes. This
insect vector often infests poorly constructed or substandard
housing (183, 184). However, Chagas disease can also be transmit-
ted in the blood through congenital exposure, transfusion, organ
transplantation, and reactivation due to immunosuppression and
through oral transmission after ingesting contaminated food or
liquids (7, 182, 185). Chronic infection is seen in fewer than 10%
of infections but can result in severe organ damage leading to
malnutrition or sudden cardiac death, with approximately 30 to
40% of cases developing into digestive megasyndromes, cardio-
myopathy, or both (7, 182).

Chagas disease, like dengue, is being transmitted beyond its
endemic presence in Latin America (7, 186, 187). Usually through
vector migration occurring through population movement,
travel, and trade, Chagas disease has spread to areas where it is not
endemic, including high-income countries such as Australia,
Canada, Europe, Japan, and the United States (7, 182, 187). Trans-
mission is also facilitated by socioeconomic factors, including im-
migration, urbanization, factors leading to poor prenatal care and
vertical transmission from mother to child, and potentially
through tainted blood and/or organ tissue use (7, 188). Illustrat-

ing the potential risk for disease migration across borders, approx-
imately 14 million persons have migrated from countries where
Chagas disease is endemic to areas where it is not (188).

Efforts to combat the disease focus upon large-scale vector
control programs, blood donor screenings, and surveillance (182,
189). However, although Chagas disease can be controlled when
appropriate public health vector control systems are imple-
mented, like for dengue, the development of a vaccine or new,
cost-effective antiprotozoal drugs is critical for management of
the disease (34). Chagas disease treatment primarily involves the
use of the antiparasitic drug benznidazole or nifurtimox, which
requires a long-term treatment course and careful monitoring and
carries a substantial risk of adverse effects; supportive therapy may
also be required for the management of Chagas cardiomyopathy
or digestive disease (183, 190). Indeed, many other NTD-preven-
tative chemotherapy treatments suffer from similar challenges of
being expensive, highly toxic, long term (presenting compliance
issues), often difficult to administer, and rife with follow-up fail-
ures, lack pediatric formulations, are prone to drug resistance,
and/or are experimental (7, 56, 64, 158, 191).

In addition, comorbid infectious diseases such as HIV disease
can lead to immunosuppression and reactivation of T. cruzi infec-
tion and other latent diseases, significantly complicating appro-
priate clinical management. Other comorbid conditions such as
Chagas cardiomyopathy may require implantable cardiac defibril-
lator devices and expensive medications for those suffering from
cardiac failure (185, 192–194). At present, there is no vaccine to
prevent Chagas disease; however, experimental efforts for a post-
exposure vaccine for cardioprotection are in testing, particularly
for use in disproportionately impacted areas such as Latin Amer-
ica (7, 64, 183, 195–199).

Rabies. A well-known zoonotic EReNTD is rabies, which is an
acute, progressive encephalitis caused by a group of RNA viruses
that has close to a 100% mortality rate if left untreated (200).
Rabies is caused by members of the genus Lyssavirus in the family
Rhabdoviridae and is generally spread via contact with infected
animal saliva (7). A wide array of animal species have been iden-
tified as reservoirs for potential rabies transmission. This is gener-
ally a function of regional and geographic variation worldwide for
these animal vectors (7). Human acquisition is predominantly via
dog bites, and although greater than 15 million people each year
are given specific postexposure treatment, there are still an esti-
mated 50,000 annual rabies deaths worldwide, mainly in Africa
and Asia (7, 201). Fortunately, rabies infection is treatable,
whereby the development of disease (manifest rabies) can be pre-
vented, generally with postexposure prophylaxis (PEP) involving
adequate wound care and administration of rabies immunoglob-
ulin and vaccine (200, 202, 203). However, in resource-challenged
environments with poor case detection or lack of affordable access
to postexposure prophylaxis, untreated rabies results in eventual
paralysis, coma, end-organ damage, and death in nearly all cases
(7, 204, 205).

Challenges to the treatment of rabies even where prompt PEP
is available include the need for multiple vaccine doses and mul-
tiple clinic visits to complete a rabies vaccination regime, which
may be cost prohibitive, inconvenient, or inaccessible for re-
source-poor populations (206). Specifically, the cost and supply of
different forms of PEP (including expensive but effective purified
rabies immunoglobulin) can be prohibitive or inaccessible in low-
income settings due to differences in regime, clinic throughput,
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cost of vaccine materials and vials, method of delivery, and possi-
ble shortages in supply (207, 208). Compounding these treatment
access challenges is limited awareness regarding public health pre-
vention and individual preventive measures (including failure of
affected individuals to seek care), both of which represent signif-
icant challenges in attempting to effectively control rabies (7).
Despite these challenges, treatment is effective, with an estimated
270,000 lives saved due to effective postexposure prophylaxis
among worldwide rabies cases (7).

The highest risk for rabies incidence occurs in the poor in re-
gions such as Africa, Asia, and Latin America, although rabies is
distributed globally in high-income and resource-poor countries
alike and is endemic on all continents except Antarctica (7, 209–
212). In addition, international travelers are the largest population
group to receive preexposure prophylaxis, though it has also been
recommended for use in vulnerable populations such as children
who live in countries where rabies is endemic and are at increased
risk for exposure (205, 213). Large social events, such as the FIFA
World Cup hosted in South Africa in 2010, also raised concerns
about rabies due to large population movements and tourism and
led to increased education and travel advisories on how to prevent
exposure (211). Negative economic consequences can also occur
due to loss of livestock from canine rabies exposure, especially in
Asia (214).

Rabies prevention efforts have focused upon canines, as they
are the primary animal reservoirs for disease transmission in both
humans and livestock, although often canine vaccination cover-
age information for countries with the highest rabies disease bur-
den is unavailable (212, 214, 215). Effective strategies have in-
cluded the use of canine mass immunization and sterilization, as
well as preexposure immunization for persons in high-risk occu-
pations in certain settings (7). Mass or routine vaccination of an-
imal reservoirs has been utilized to decease transmission of rabies,
with oral rabies vaccination leading to rabies-free status in Swit-
zerland and France in 1998 and 2000, respectively (216). Addi-
tionally, neutering of stray dogs may help to inhibit overpopula-
tion, thereby facilitating a decrease in the incidence of rabies
(217). However, it should also be noted that reducing the popu-
lation density of canines through culling has not been found to be
an adequate control measure against rabies, emphasizing the need
for evaluation of evidence-based approaches to prevention strat-
egies (218).

Rabies also illustrates additional global health thematic chal-
lenges associated with EReNTDs beyond limited prevention and
challenges in delivering treatment. Primarily, the disease has seen
recent emergence or reemergence in diverse country settings, in-
cluding South Korea, Indonesia, Israel, Bhutan, and South Africa,
a worrying trend in itself (7, 219–222). In addition, it appears that
transmission is expanding to a larger set of animal species, which
raises concerns regarding optimal global disease prevention strat-
egies focused on vector control via targeted immunizations of
specific animal reservoirs (7, 219–221). Indeed, new virus sero-
types of rabies infection are being detected in previously uncom-
mon reservoirs. For example, enzootic bat lyssaviruses are being
detected across Europe, Africa, Asia, and Australia, bats are trans-
mitting rabies from themselves to humans in Latin America, mon-
keys serve as potential sources of rabies transmission to travelers
in Bali, fox-to-dog transmission of rabies has occurred following
widespread vaccination efforts, and international animal trade

poses a largely unchecked and significant potential for rabies zoo-
notic disease spread (7, 219, 220, 223–227).

All of these factors emphasize the need for coordinated strate-
gies engaging both medical and animal science as well as across
developing and developed countries to effectively monitor and
control the incidence and transmission of the rabies EReNTD
(220, 223, 224, 228–230). This is particularly important as travel
and globalization may increase the spread of this disease, creating
additional need for convenient, effective, and cost-sensitive vac-
cines (such as additional development of intradermally adminis-
tered vaccines) for more advanced cases as well as potential passive
immunity protections (231). In addition, potential development
of more rapid and cost-effective rabies diagnostic tests may pro-
mote expanded and earlier detection, which is critical to treatment
and reduction of rabies-related mortality (232).

Taeniasis/cysticercosis. Human cysticercosis is an infectious
disease caused by the ingestion of eggs of the pork tapeworm,
Taenia solium, through fecal-oral transmission (233, 234). This
typically occurs through a 2-host life cycle where the intermediate
host (pigs) ingests food or water contaminated by eggs that are
excreted in the feces of humans infected with the adult tapeworm,
which then disseminate and mature into the larval stage in the
tissue of pigs and develop into cysts (234). The cycle is completed
with the definitive host (humans) ingesting eggs (typically trans-
mitted from contaminated hands, food, or water) or possibly
through autoinfection (234, 235). The completion of this life cycle
leads to human cysticercus tissue infections and neurocysticerco-
sis when the larvae invade the central nervous system (7).

The estimated prevalence of cysticercosis is very large, with
estimates generally greater than 50 million people possibly in-
fected worldwide and 50,000 deaths annually (7, 233, 236). These
figures establish cysticercosis as one of the most common causes of
acquired epilepsy in developing countries (234, 236). Indeed, clin-
ical infection with cysticerci can lead to cysts in neural tissue,
resulting in untreated outcomes including epileptic seizures, con-
vulsions, learning difficulties, and possible death (7). Even with
appropriate diagnosis of cysticercosis, treatment regimes can be
complex, including possible drug intervention, surgery, or simply
observation, depending on the location, size, stage, and number of
parasites/cysts as well as the clinical symptoms of each case (234).
The disease is particularly a problem in areas of endemicity, in-
cluding many countries in Latin America and Southeast Asia, In-
dia, Haiti, and parts of China (7, 237). However, it is most recog-
nized as a public health crisis in sub-Saharan Africa (7). As well,
poor strategies for interrupting transmission are the rule rather
than the exception, with the primary enabling factor associated
with human activities of food preparation and animal husbandry
practices (237).

Socioeconomic considerations are also significant for this
EReNTD, as it has been associated with poverty in populations
within high-income countries and poorer populations in areas of
endemicity that may lack access to important diagnostic tests
needed to refer patients for appropriate treatment (47, 233, 238).
In addition, subsistence farmers in developing countries are tre-
mendously affected by the disease due to loss of livestock. Cystic-
ercosis creates economic chaos in agricultural systems dependent
on pig/porcine production if and when infected pig carcasses are
condemned for public health purposes (7). Further, due to the
increasing popularity of pork consumption and flow of interna-
tional workers from large cross-border migration, it may be im-
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ported into regions where it is not endemic and then spread locally
(233). Reflecting this risk, cysticercosis transmission has been de-
tected in high-income countries such as the United States and
Canada through migration of agricultural workers and travel of
these workers to and from regions of endemicity (117, 233, 237,
239).

This EReNTD is even more challenging as a public health con-
cern because little reliable epidemiological information is avail-
able, while it also appears to evolve in concert with events associ-
ated with its hosts (7, 237). Cysticercosis treatment and
prevention methods center around chemotherapy strategies, gen-
erally focused upon helminthic infection treatments and control
of animal reservoirs through mass vaccinations of pigs (7, 240,
241). Unfortunately, the latter strategy—to inoculate pigs to re-
duce disease incidence and spread— creates and represents high
costs and challenging environments to reach the most at-risk ar-
eas; consequently, these vaccination efforts have been of limited
success (240). Efforts are under way to improve animal reservoir
vaccination, with two recombinant antigens for Taenia solium
shown to be 98.6% and 99.9% effective at protecting pigs from
infection after oral administration of T. solium eggs, thereby dras-
tically reducing the likelihood of human neurocysticercosis infec-
tion after consumption of the intermediate porcine host (242).
These results were replicated in several different field trials in rural
Mexico, an area of endemicity, which found statistically signifi-
cant decreases in porcine infection after vaccination with anti-
genic extracts or a potentially more cost-effective synthetic pep-
tide (243–246).

Strategies to increase awareness of the need to improve animal
husbandry practices may also aid in reducing transmission. For
example, providing pig handlers with oxfendazole, an anthel-
mintic benzimidazole that prevents the parasitic worm’s glucose
uptake by binding to tubulin proteins in microtubules, can effec-
tively treat porcine Taenia solium infections and likely lead to
decreased incidences of taeniasis and cysticercosis in both pig and
human populations (247).

Currently no vaccine is available for prevention of the disease
in humans, although promising entities are being tested (234, 248,
249). However, access to these potential treatments as well as more
sophisticated molecular diagnostic techniques may be limited, ex-
acerbating the incidence of untreated disease (238).

HAT. Human African trypanosomiasis (HAT), also known as
the “sleeping sickness,” is a complex vector-borne parasitic infec-
tion caused by the Trypanosoma brucei protozoan transmitted to
humans via bites from blood-feeding tsetse flies (genus Glossina)
that have previously acquired an earlier stage of the infection from
a human. There are two related geographically distinct Trypano-
soma brucei subspecies: T. b. gambiense and T. b. rhodesiense. (7,
250, 251). T. b. gambiense is responsible for the majority of cases
and occurs in West and Central Africa, with the transmission cycle
involving humans as the reservoir for the parasite and the tsetse fly
acting as both a disease host and a vector for human-human trans-
mission, though direct zoonotic transmission can occasionally oc-
cur (252–254). Specifically, domestic and wild animals can be-
come infected with both parasitic subspecies and act as carriers or
reservoirs for the tsetse fly vector (252, 255). T. b. rhodesiense
infection involves a number of wildlife and domestic animal spe-
cies (such as livestock) as reservoirs in eastern and southern Africa
and involves zoonotic transmission and outbreaks often involving

cattle (252, 254, 255). Vertical transmission from mother to child
can also occur for HAT (255).

The disease is restricted to sub-Saharan Africa, where the tsetse
vector resides, and is especially prevalent in remote rural sub-
Saharan African regions which lack health system capacity. It is
endemic in many of these countries and has a wide range of infec-
tion areas, from as small as the village level to as large as an entire
district (7, 254). The vast majority (approximately 90%) of cases
occur in Africa, with the remaining reported cases occurring in the
eastern Mediterranean region (7). Reported cases of HAT have
experienced global declines of an estimated 76% from 1999 to
2012, and since 2009 fewer than 10,000 new cases have been re-
ported per year (256–258). However, it has also been estimated
that 70 million people may continue to be at risk for contracting
HAT, reflecting its potential for reemergence, similar to its large
increase in incidence in the 1980s and 1990s (256, 257).

Clinical symptoms of HAT can be complex and difficult to
diagnose, as it initially presents with mild or nonspecific symp-
toms, and the onset of major symptoms can be significantly de-
layed by months or even years depending on the subspecies of
Trypanosoma brucei involved (T. b. gambiense leads to chronic
infection, and T. b. rhodesiense leads to acute infection) (7).

Common symptoms after transmission include fever, head-
ache, pain and weakness in joints, and, as the parasite migrates to
the central nervous system, severe neurological and psychiatric
disorders that if left untreated can result in death (7, 250). The
disease can also cause amenorrhea, sterility, and abortion and can
be contracted congenitally, all of which impact maternal-child
health outcomes in resource-poor populations (7, 259). Early
screening, case detection, diagnosis, and treatment are critical
strategies in the clinical management of this debilitating and po-
tentially fatal disease. Advanced stages can require complex treat-
ment that lowers the chance of a successful intervention, although
the strain of the agent can also influence virulence and outcomes
(7, 260–263).

Treatment of HAT depends on the subspecies and stage of the
disease but is largely characterized by the use of older drugs that
carry concerns of toxicity, poor efficacy, possible drug resistance,
and inconvenient route of administration (e.g., Suramin, Melar-
soprol, Pentamidine, and Eflornithine) (251, 264–267). Second-
line treatments are associated with potential fatal adverse patient
safety events and complex and lengthy treatment regimes and ad-
ministration, and they can come at a prohibitively high cost (7,
190, 250, 251). Fortunately, access to therapy has been aided by
international coordination and medicine donations by pharma-
ceutical firms (268, 269).

Despite safety risks of existing treatment, drug development
for new treatments has been largely ineffective, though partner-
ship and initiatives aimed at development of new drugs and diag-
nostic tools are increasing (262, 265, 266, 270). Given the limita-
tions of available treatments, control of the disease requires active
surveillance, vector control, and strengthening of health system
capacity, particularly through specialized training, establishment
of fixed health facilities, and possible use of mobile teams of health
care workers to screen and diagnose the disease in rural areas of
endemicity (7, 271).

The negative socioeconomic impact of HAT is particularly se-
vere due to the devastating physical and mental disabilities asso-
ciated with disease progression, particularly in the late stage, that
can also lead to stigmatization of affected individuals (7). This can
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result in a significant direct and indirect economic burden to
households and communities when an infected person becomes
incapacitated and can no longer work, especially given that rural
populations engaged in agriculture, fishing, animal husbandry
and hunting activities for livelihood are at particular risk of expo-
sure (7, 113). Children engaged in activities that lead to increased
exposure to the disease vector can also experience problems in
growth and intellectual development that can lead to learning re-
tardation and loss of future labor resources (7). Additionally, live-
stock and agricultural production in rural communities are at risk
of exposure to “nagana,” the animal form of HAT (7, 272, 273).
This and other factors have contributed to stagnation in economic
development in Africa, with an estimated US$1.5 billion in agri-
cultural income loses annually as a result of the disease reported by
the Food and Agriculture Organization (FAO) (7).

Similar to the case for other vector-borne EReNTDs, HAT
spread is also impacted by environmental and climate changes
that can alter possible human contact with the tsetse fly vector,
including declines in rainfall and loss of vector habitat through
increased agricultural production (7, 274). The disease and its
prevalence are also linked to social determinants similar to those
for other EIDs/ReIDs, such as population growth, economic de-
velopment, war, poverty, and the displacement of populations,
that can lead to increased transmission in affected areas of ende-
micity (7, 130, 274).

Though classified as an EID/ReID by the CDC, HAT appears to
largely be limited in distribution to the continent of Africa. De-
spite this geographical containment, the disease’s long incubation
period in the T. b. gambiense subspecies can lead to importation
into regions where it is not endemic and to misdiagnosis if clini-
cians are unaware of the disease (275). Hence, HAT exhibits many
of the risk factors associated with other EReNTDs, and although it
does not currently maintain a wider global distribution, it has
been reported as increasing in a number of cases in regions where
it is not endemic, often connected to migration, international
travel, and tourism (276, 277).

Risk Factors and Challenges of EReNTDs

Common risk factors. The clinical, socioeconomic, and environ-
mental factors exhibited by the EReNTDs show they share many
important characteristics that warrant more detailed discussion.
These common risk factors include vector-related risk factors, dis-
ease-related risks, drug treatment and development challenges,
social determinants of health-related risk factors, environmental/
climate change risk factors, and disease control-related challenges
(Table 5). Primarily, the diseases within the EReNTD category are
largely widespread, they impact millions worldwide, they dispro-
portionately impact impoverished, resource-poor communities,
and they recently have spread to higher-income, developed coun-
try settings through globalization, primarily via migration and
importation through international trade and travel (8, 278).

Importantly, EReNTDs are also characterized by a broad array
of risk factors also associated with EIDs/ReIDs, including societal
and human behavioral influences, changes in population demo-
graphics, food production, spread through international travel,
and environmental and ecological changes, and they have had
their control limited due to inadequacies of public health and
health care system capacity. This includes similar concerns for
developing antimicrobial resistance, such as developing resistance

to insecticides from vector control measures and drug resistance
associated with mass drug administration (190, 279, 280).

It should also be noted that the use of zoonotic agents for
bioterrorism purposes by deliberately introducing an infectious
agent into wildlife has been raised as a concern. Such a possibility
has been highlighted by unconfirmed reports of the use of mos-
quito vectors and dengue as a potential weapon for bioterrorism
and points to the need for dynamic assessment for this particular
risk characteristic from a global health security standpoint in con-
cert with global public health approaches (281–285).

Improving EReNTD prevention and treatment. EReNTDs are
also notable for their significant negative economic impacts on
afflicted, poorer rural communities, tremendous morbidity and
mortality exacerbated by poverty and social determinants of
health, and fatality in many cases if left untreated (47).

The prevention of spread of EReNTDs, as primarily zoonotic
diseases, is heavily dependent upon strategic integrated vector

TABLE 5 EReNTD common risk factors

Risk factor or challenge

Vector-related risk factors
Complex stages of disease exposure and transmission through animal

vectors that act as intermediary hosts
Present in a variety of different animal vectors (e.g., arthropod, porcine.

mammalian)
Possible spread of transmission to broader group of animal species

vectors (rabies)
Disease-related risks

Increasing in geographic spread and distribution, including to certain
high-income settings

Possibility of mortality if EReNTD cases are not treated appropriately
Associated with chronic disease and long-term disability
Sometimes undifferentiated disease symptoms at early stage of infection
Complex cases and costly interventions arising from disease progression

(e.g., DHF/DSS, cardiomyopathy, neurocysticercosis)
Difficulty of diagnosis or lack of available diagnostic tools
Possible vertical transmission from mother to child for certain EReNTDs
Actual prevalence may be underreported

Drug treatment and development challenges
Often lack of safe drug treatments
Prolonged and inconvenient treatment regimes and routes of

administration
Reliance on “older” treatments and failure of license approval for new

drug treatments
Multiple serotypes/strains may make vaccine development difficult

Social determinants of health-related risk factors
Poverty
Globalization
Rapid urbanization
Lack of adequate vector control
Poor hygiene and sanitation
Migration and mass movement of populations
Travel and tourism
Loss of agriculture/livestock
Large social gatherings/events

Environmental risk factors
May be affected by climate change and its impact on disease vectors

Disease control-related challenges
High cost and potential environmental impact of vector control measures
Possible insecticide resistance
Lack of adequate public health and health system infrastructure
Lack of awareness and education for EReNTDs
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control strategies. This dependence on vector control is due to the
frequent lack of access to safe or effective treatment. However,
even when treatment exists and is available, it can be costly and
complex, especially in later stages of disease progression. Commu-
nities impacted by EReNTDs often lack the necessary health care
delivery infrastructure to support integrated prevention and treat-
ment approaches that include screening, diagnosis, treatment,
and case management, the absence of which can translate into a
significant global burden of disease (8, 56). Hence, encouraging
and funding health care institutions, clinics, and community
health facilities to engage in surveillance, prevention, and treat-
ment programs may help to reduce the risk and aid in decreasing
the incidence of EReNTDs (34, 48).

Specifically, ensuring that clinics in areas of endemicity are
adequately stocked with medications that are low-cost and acces-
sible may encourage infected individuals to seek care (60). Misdi-
agnosis of infectious diseases may be prevented if programs are
initiated to ensure that rural providers (including traditional heal-
ers and those who practice ethnomedicine) are capable of identi-
fying early symptoms of infection and have proper training to
either treat or refer cases (286, 287). This can be enhanced if efforts
are made to increase accessibility of basic literature and education
that aid in making an accurate EReNTD diagnosis (288). Provid-
ing periodic forums for feedback from community health workers
may prioritize more cost-efficient primary prevention strategies
over strategies related to the clinical management of symptoms
(289, 290). However, managers of rural clinics should also be en-
couraged to facilitate and reward workers for suggesting innova-
tive ideas about how to provide better care for patients infected
with EReNTDs (291).

Vaccine availability. Further complicating NTD control and
treatment, no EReNTDs have an approved vaccine, with the ex-
ception of targeted preexposure rabies immunization in both an-
imals and humans (8). Providing protection against EReNTDs
through the use of vaccination in human populations in areas
where the diseases are endemic and that have a high number of
cases is an approach that is likely to drastically decrease target
disease incidence should vaccines be developed and made acces-
sible (292).

Vaccine development for other infectious diseases may have
potential, including the bacillus Calmette-Guérin vaccine for tu-
berculosis, which has been found to offer limited, temporary pro-
tection from the bacterium that causes leprosy and the bacteria
that cause Buruli ulcer (293). Though these NTDs are not classi-
fied as EReNTDs, the successful utilization of existing vaccines
used for other infectious diseases may provide another method for
encouraging EReNTD research and innovation. Vaccine develop-
ment for dengue, Chagas disease, and other EReNTDs is also on-
going, although multiple technical challenges remain prior to
their full development and administration (176, 177, 196, 293–
300).

Need for continued investment and innovation. A critical area
of need for many EReNTDs is continued investment, innovation,
and development to ensure equitable access to safe and effective
diagnostic tools and drug treatments. The development of rapid,
high-quality, low-cost diagnostic tools for EReNTDs is crucial, as
many of these diseases present with nonspecific symptoms or cur-
rently require laboratory capacity for accurate diagnosis (301,
302), and current diagnostic testing can be highly variable and of
heterogeneous sensitivity and specificity, limiting its effectiveness

(34, 303). A particular concern is that common EReNTD treat-
ment regimes, through preventive chemotherapy and rapid-im-
pact packages containing a combination of drugs delivered acutely
to interrupt transmission of different EReNTD-related parasites,
often are dangerous, are difficult to administer, lack pediatric for-
mulations, and do not necessarily address the causative agents or
downstream public health impact (34, 190, 303).

In addition, the quality of NTD medicines has come into ques-
tion as part of larger global concerns regarding the ongoing public
health problem of counterfeit, falsified, and substandard medi-
cines in low-resource settings (304–307). Concerns regarding
possible substandard NTD medicines have arisen from the detec-
tion of locally manufactured miltefosine (used to treat visceral
leishmaniasis) that contained no active ingredient in Bangladesh,
which was discovered only due to abnormally high numbers of
treatment failures (304, 308). This important concern regarding
the quality and efficacy of EReNTD treatments has not been ade-
quately researched or addressed.

Importance of environmental issues. Strategies to improve en-
vironmental sanitation and provide adequate human hygiene are
also critical components of addressing several risk factors associ-
ated with the transmission of EReNTDs. Greater access to clean
water may also lead to improved hygiene in populations suscepti-
ble to EReNTDs, including increased handwashing, a practice
which is likely to prevent cases of certain NTDs that are spread
through human-to-human transmission (309).

On a broader environmental scale, reducing factors contribut-
ing to climate change that can lead to environmental impacts as
noted above may decrease the potential spread of EReNTD-car-
rying vectors, although the conceivable positive effects of such
efforts will likely be far in the future (98, 99, 310). While high-
income countries historically have emitted a much larger amount
of greenhouse gases than lower-income countries, it is the resi-
dents of lower-income countries whose health is often most di-
rectly impacted by the NTD health-related consequences of cli-
mate change (311). Broad private sector adoption of voluntary
standards, including the Greenhouse Gas Protocol and the Car-
bon Disclosure Project, may promote increased environmental
stewardship that protects global social and economic well-being
and can have a downstream positive impact on NTD control and
prevention (312, 313).

Overview. Consequently, although there is some variation by
specific EReNTD, there are at present significantly underdevel-
oped public health strategic interventions, health promotion and
education efforts, and available diagnostic tools and treatment
options for effectively fighting the increasing EReNTD spread
across developing and developed countries. The global distribu-
tion of endemic EReNTDs is shown in Fig. 2.

However, the categories and spread have the potential to ex-
pand. Specifically, the list of EIDs and ReIDs compiled by the CDC
and NIH may grow as new diseases are detected and emerge/re-
emerge and the debate over the definition of NTDs and whether
the 17 WHO-identified diseases are adequately representative
of the term continues (43). Although not “officially” classified
by CDC as emerging or reemerging, other NTDs may also be
subject to epidemiological or geographical shifts, transforma-
tions through genetic mutation, or changes in host/vector dis-
tribution that require further research, including mapping,
monitoring, and surveillance, to assess their risk (46). These
developments may portend a greater potential for regional
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spread in areas where the diseases are not endemic, which
needs to be captured in global policy efforts to prioritize the
surveillance, control, and development of cost-effective inter-
ventions for current and future EReNTDs (56).

EMERGING GLOBAL HEALTH POLICY ENVIRONMENT FOR
EReNTDs

Background

NTDs have been a topic of interest for the WHO since as early as
1948, shortly after the organization was constituted, when the
World Health Assembly (WHA) (the decision-making body of
WHO) first issued a resolution recognizing the need for interna-
tional action to address vector-borne diseases (45). Since then,
numerous WHA resolutions have been adopted, addressing pre-
vention, surveillance, control, elimination, and eradication of spe-
cific NTDs, supply and use of insecticides, intensification and co-
ordination of research on NTDs and vector control, prevention
and control of NTDs associated with food-borne illnesses, water
supply and sanitation issues, and environmental issues, including
organic pollutants (Table 6) (45).

The NTD movement has also capitalized on momentum gained
from international adoption of the 2000 Millennium Develop-
ment Goals (MDGs), which commit United Nations (UN) mem-
ber states to global targets to reduce extreme poverty by 2015.
International commitment to combating NTDs can lead to prog-

ress in achieving all the MDGs, a concept established by WHA and
other UN resolutions (7).

The MDG targets are as follows: eradicating extreme poverty
(MDG1); achieving universal primary education (MDG2); pro-
moting gender equality and empowering women (MDG3); reduc-
ing child mortality (MDG4); improving maternal child health
(MDG5); combating HIV/AIDS, malaria, and other diseases
(MDG6); ensuring environmental sustainability (MDG7); and
developing a global partnership for development (MDG8) (7).
EReNTDs exemplify MDG priorities as they are diseases of pov-
erty and have negative socioeconomic impact (MDG1, targets 1A
and B), can lead to child mortality and poor maternal child health
outcomes (MDGs 4 and 5, targets 4A and 5A), are impacted by
environmental changes, drinking water, and sanitation (MDG7,
target 7.C), and clearly fall in the category of “other” diseases that
impede human development (MDG6, target 6.C) (7, 36, 314).

Yet, prioritization of the deleterious social, economic, and
health consequences of NTDs has historically varied and has re-
emerged as a global health policy priority only in the past decade
(43). The global adoption of the MDGs and various efforts by
WHO calling for action on NTDs have acted as catalyst for this
paradigm shift in advocacy, recognition, and action. Specifically,
international interest in NTDs was formally reestablished in 2003
and 2005, when WHO held workshops that specifically called for
international action to address the so-called “neglected” diseases

FIG 2 Global intensity map of EReNTD regions of endemicity. Data are from the World Health Organization (2013). We used the following definitions when
coding the data for regions of endemicity for each EReNTD according to WHO data: dengue, most of the country is at risk for dengue; rabies, most of the country
is at high risk for rabies; Chagas disease, the disease is present in the country; cysticercosis, the disease is reported as endemic in the country; human African
trypanosomiasis, the disease is present in the country.
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(43). This subsequently led to eventual identification of the 17
NTDs, establishment of the WHO Department for Control of
NTDs, and creation of the WHO’s “Global Plan to Combat Ne-
glected Tropical Disease 2008-2015,” which set forth a conceptual
framework for a strategic integrated policy approach for combat-
ing NTDs, and of the aforementioned WHO “Roadmap for Im-
plementation” setting NTD elimination and eradication targets
(7, 315). Since then, growing international attention to and advo-
cacy for NTDs have led to numerous technical reports, scientific
research and journals, global meetings, collaborations, initiatives,
organizations, and partnerships all focused on the prevention and
control of NTDs (7, 36).

EReNTDs and Global Health Partnerships

The engagement of multistakeholder public-private partnerships
(PPPs), which enable collaboration between national govern-
ments, the private sector, academia, private foundations, nongov-
ernmental organizations (NGOs), and other nonprofit organiza-
tions, has been a growing trend in addressing critical global public
health issues, and these include notable organizations such as the
Global Fund to Fight AIDS, Tuberculosis, and Malaria (the Global
Fund) and the GAVI Alliance (8, 316–318).

PPPs also include the subcategory of product development

partnerships (PDP), which have a primary objective of devel-
oping a health product and have been widely adopted for NTDs
(319). One example of an NTD PDP is the nonprofit Drugs for
Neglected Disease initiative (“DNDi”) (64, 319, 320). The
DNDi relies on financial contributions and cooperation from
both public- and private-sector partners and focuses on drug
development for six specific neglected diseases, taking a prag-
matic and case-by-case approach to intellectual property (IP)
(i.e., using intellectual property only to promote accessibility)
(321). It has been successful in developing six new products,
including a combination treatment for HAT and a pediatric
formulation for Chagas disease, both EReNTDs (321). The col-
laboration with industry and management of IP by this
groundbreaking initiative is an example of a new paradigm and
precedent for future partnerships. Similarly, a new consortium
called “WIPO Re:Search,” formed between the Biotechnology
Industry Organization Ventures for Global Health and the
World Intellectual Property Organization in 2011, aims to es-
tablish partnerships with industry and research institutions to
facilitate sharing of IP for NTD innovation and development
(383).

Other examples of PPPs devoted to NTDs have also taken shape

TABLE 6 Summary of EReNTD policy environmenta

EReNTD
Disease-specific WHA
resolution(s) (yr)

WHO targets and milestones for 2015 and
2020 Examples of EReNTD-specific initiatives

Chagas disease WHA51.14 (1998), “Elimination of
transmission of Chagas disease”;
WHA63.20 (2010), “Chagas
disease: control and elimination”

2015, regional transmission through blood
transfusion interrupted; 2020, Regional
intradomiciliary transmission interrupted
in the region of the Americas

Global partnerships, WHO- and PAHO-led
initiatives (e.g., WHO Global Network to
combat Chagas disease) and Global
Chagas Disease Coalition (DNDi and
ISGlobal); medicine donations and other
support, Bayer and Sanofi; drug
development, DNDi

Cysticercosis No specific WHA 2015, validated strategy for control and
elimination; 2020, interventions scaled up
in selected countries for control and
elimination

Global partnerships, Cysticercosis Working
Group in Europe, Cysticercosis Working
Group in Eastern and Southern Africa;
drug development, Global Alliance for
Livestock Veterinary Medicines-Indian
Immunological Limited-University of
Melbourne, International Livestock
Research Institute

Dengue WHA46.31 (1993), “Dengue
prevention and control”;
WHA55.17 (2002), “Prevention
and control of dengue fever and
dengue haemorrhagic fever”

2015, sustainable vector control
interventions established in 10 priority
countries of endemicity; 2020, control
and surveillance system established in all
regions, no. of cases reduced by more
than 25%, no. of deaths reduced by 50%

Global partnerships, WHO- and PAHO-led
initiatives, Dengue Vaccine Initiative
(DVI), Asia-Pacific Dengue Prevention
Partnership, DengueTools Project; drug
development, DVI, Pediatric Dengue
Vaccine Initiative, Sanofi Pasteur

Human African
trypanosomiasis

WHA36.31 (1983), “African
human trypanosomiasis”;
WHA50.36 (1997), “African
trypanosomiasis”; WHA56.7
(2003), “Pan African tsetse and
trypanosomiasis eradiation
campaign”; WHA57.2 (2004),
“Control of human African
trypanosomiasis”

2015, country elimination in 80% of foci Global partnerships, WHO Collaboration
with Programme Against African
Trypanosomiasis (PAAT); medicine
donations and other support, Bayer and
Sanofi; drug development, DNDi and
Sanofi

Rabies WHA3.20 (1950), “Rabies” 2015, regional elimination in Latin America;
2020, regional elimination in Southeast
Asia and Western Pacific regions

Global partnership, Partnership for Rabies
Prevention (Global Alliance for Rabies
Control initiative)

a Sources: WHA resolutions.
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(322). These include notable collaborations directly with or led by
WHO, including WHO’s Special Programme for Research and
Training in Tropical Diseases (TDR) (cosponsored by UNICEF,
the UN Development Programme, the World Bank, and WHO),
in which GlaxoSmithKline, WHO, and Merck collaborate to pro-
vide medicines for lymphatic filariasis (34, 61, 158, 323). Addi-
tionally, private-sector collaborations involving WHO and other
stakeholders have also been active, such as the partnership be-
tween GlaxoSmithKline and Merck & Co., Inc., to address lym-
phatic filariasis (384). NTD initiatives also include direct govern-
ment-, industry-, or private foundation-led initiatives such as the
U.S. Agency for International Development’s NTD Program,
Merck’s partnership on onchocerciasis, Pfizer’s partnership with
the International Trachoma Initiative, the Global Network on Ne-
glected Tropical Diseases (an initiative of the Sabin Vaccine Insti-
tute), and the BMGF-led Drugs for Neglected Diseases initiative
(addressing African trypanosomiasis) and Grand Challenges in
Global Health initiative (which provides funding for many NTD
projects) (34, 43, 322–324). Further, PPPs supporting infectious
disease funding and research and development (R&D) activity in
“innovative developing countries,” such as Brazil, China, India,
and Indonesia, where NTDs are also endemic will also be impor-
tant models to consider moving forward (36, 61, 325, 326).

Other organizations have also attempted to tackle specific
EReNTDs. These include the Partners for Rabies Prevention, an
informal PPP that includes representative of WHO, the Pan
American Health Organization, FAO, the World Organization for
Animal Health (OIE), the European Commission, academic,
NGOs, industry, and private global health institutions, with the
goal of global elimination of canine rabies (212, 327).

The London Declaration

Though NTD-dedicated partnerships and investments are grow-
ing, NTDs nevertheless remain marginalized, and commitments
have yet to translate into needed new drug treatments or necessary
scale-up that could improve the lives of millions. However, the
policy environment may rapidly be changing, as international pri-
oritization and cooperation on combating NTDs have recently
culminated in the January 2012 London Declaration on Neglected
Tropical Diseases (the “London Declaration”).

The London Declaration brought together a consortium of
stakeholders, including national governments (the United States,
the United Kingdom, and the United Arab Emirates), UN agen-
cies (WHO and World Bank), private foundations (BMGF), 13
pharmaceutical firms, and other organizations. Jointly, all endorse
a renewed focused on the control or elimination of at least 10
NTDs by the end of the decade through international partnership
and cooperation (36, 45).

This monumental declaration included commitments by stake-
holders to expand drug access programs and other interventions;
advance NTD treatment R&D through partnerships and funding,
enhance collaboration and coordination at the public, private,
national, and international levels, provide technical support to
countries where NTDs are endemic, and provide adequate fund-
ing for implementation of NTD programs and health system
strengthening (36, 45). This specifically included financial com-
mitments from pharmaceutical firms for US$1.4 billion in NTD
treatments, $363 million from the BMGF, and additional com-
mitments from bilateral donors (328). This strong global commit-
ment to combating NTDs has been hailed as a watershed event

and may have the potential to build and add capacity to existing
collaborations and partnerships, though other policy solutions
should also continue to be explored and pursued.

Application of the One Health Initiative to EReNTDs

Building upon efforts of PPPs may be a viable component of
addressing the current needs for innovation, financing, drug
discovery, and medicine procurement and delivery. However,
it is not enough alone to overcome the multitude of risk factors
associated with EReNTDs that extend beyond therapeutic pre-
ventive or treatment interventions (8). Instead, a more macro
approach may be necessary to promote greater effectiveness in
addressing the underlining social, human health, zoonotic, and
environmental challenges to prevent morbidity and mortality
from these diseases.

One such approach that is growing in recognition is the “One
Health” initiative, which engages interdisciplinary and multi-
stakeholder participation locally, nationally, and globally in areas
of human and animal health, agriculture, and the environment (8,
329–335). Specifically, the CDC, the American Society of Tropical
Medicine and Hygiene, and a number of other professional orga-
nizations have recognized the importance of an integrated ap-
proach to addressing the prevention, detection, and control of
EIDs/ReIDs (331). Additionally, some 90 One Health initiatives
are currently ongoing in Europe and Asia and have been adopted
by other networks and organizations (335).

One Health initiatives promoting cooperation and strategic
planning between physicians, ecologists, and veterinarians with
the aim of improving health for humans and animals and address-
ing the spread of diseases through zoonoses and environmental
factors can serve as an important potential model for effective
EReNTD interventions. They have earlier been proposed also as a
model integrated approach to preventing pandemic-scale zoo-
notic infectious disease threats (329, 331, 336).

These One Health approaches should be sensitive to resource-
poor settings and should leverage partners and broader global
public health networks. If possible, they should also integrate po-
tential technology-based solutions, such as the use of wireless and
mobile technologies for health intervention/education delivery
and utilization of household water treatment technologies (8,
337). One Health initiatives can also be conducive to broader en-
gagement with organizations and individuals with knowledge,
ability, and experience in core EReNTD programmatic areas of
prevention, surveillance, vector control, and clinical case manage-
ment, as well as those with training in economic development,
trade and travel, food safety, genomics, geography, pharmacology,
veterinarian sciences, wildlife management, farming and agricul-
ture, climatology, molecular biology and microbiology, virology,
parasitology, ecology, policy, and law (8, 332, 338). Hence, the
interdisciplinary enabling environment of the One Health con-
cept provides an important opportunity to combine field efforts
addressing both NTDs and EIDs/ReIDs but requires sound global
health governance to make it operational (330).

Supporting the compatibility of the One Health framework for
addressing EReNTDs has been its direct application in infectious
disease governance and integrated vector prevention and control
strategies. This includes successful vector control interventions in
Chad, where restricted application of insecticides to cattle leg ex-
tremities was used to address HAT, application of the One Health
model for coordination and control efforts for rabies and other
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canine-related zoonoses, and the importance of One Health and
the globalized food supply chain (201, 272, 339–341).

In order to address critical governance challenges in imple-
menting a One Health framework for EReNTDs, United Nations
specialized agencies and related programs and funds and inter-
governmental organizations could take a leading role in their re-
spective areas of focus; a potential framework is outlined in Fig. 3
(330). Specifically, potential UN agency cooperation under a One
Health framework for EReNTDs could include the WHO Special
Programme for Research and Training in Tropical Diseases
(TDR) with its history of public-private engagement, the World
Bank with its development projects and global health strengthen-
ing programs, the UN Environment Program (UNEP) and World
Meteorological Organization (WMO), which can provide envi-
ronmental assessments and interventions, the UN Development
Programme (UNDP) and UN Population Fund (UNFPA) with
their collective expertise in poverty alleviation and reproductive
health, the World Organization for Animal Health (OIE) with its
expertise in animal health and veterinarian sciences, the FAO with
expertise in agriculture and food safety, and UNICEF with its spe-
cific maternal and child health intervention focus (8).

INNOVATION ENVIRONMENT FOR EReNTDs

Intellectual Property, Innovation, and NTD Policy Proposals

Within drug development, a number of intellectual property
rights (IPRs) recognized under international agreements such as

the World Trade Organization (WTO) Agreement on Trade-Re-
lated Aspects of Intellectual Property Rights (TRIPS agreement)
are employed, including patents (typically granted for new chem-
ical entities, molecules, or biological preparations), data exclusiv-
ity (surrounding data generated when potential new drugs un-
dergo clinical trials), market exclusivity (when new drugs are
granted exclusive marketing rights by a drug regulatory agency,
generally developed for government-identified priority areas),
trademarks (to give brand names to drugs), and secrecy (to pro-
tect prepatented data as well as manufacturing techniques) (342,
343). In addition, IPR management tools such as differential/
tiered pricing, voluntary licensing, patent pools, and promotion
of local manufacturing through technology transfer and licensing
have also been utilized for developing markets to provide en-
hanced access to medicines (343–346). However, in the case of
NTD innovation and R&D, incentives offered through IPRs may
not be sufficient to provide access to life-saving medicines despite
their necessity and demand, leading to market failure (347, 348).

Other Proposals

Beyond these traditional IPR-based approaches, a number of gov-
ernance, financial, and policy mechanisms have been proposed to
address the lack of NTD innovation and financing (343). Central
to understanding these incentives is an understanding of how
“push” (direct incentives that provide for funding and invest-
ment) and “pull” (incentives that offer rewards for the final out-

FIG 3 Proposed United Nations “One Health” framework. FAO, Food and Agriculture Organization; OIE, World Organization for Animal Health; TDR, WHO
Special Programme for Research and Training in Tropical Diseases; UNDP, United Nations Development Programme; UNEP, United Nations Environment
Programme; UNFPA, United Nations Population Fund; UNICEP, United Nations Children’s Fund; WHO, World Health Organization; WMO, World Mete-
orological Organization.
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come of R&D) mechanisms can facilitate innovation (343). These
include proposals for an international treaty on global R&D, es-
tablishing a global fund for NTDs, prize funds and advanced mar-
ket commitments (AMCs), extending a manufacturer’s market
exclusivity through orphan disease policies, enhanced and tar-
geted tax and trade incentives, socially responsible and humani-
tarian pharmaceutical licensing, and open access/source drug dis-
covery development models (158, 321, 326, 348, 349).

International biomedical R&D treaty. The establishment of an
international binding biomedical treaty aimed at redirecting
global resources toward health R&D priorities and creation of
global public common goods (e.g., research tools, drugs, vaccines,
diagnostics, biomedical databases, etc.) for NTDs and other dis-
eases has been suggested as a potential policy since 2004 (321, 343,
348, 349). This concept has gained support from a number of
stakeholders and would create the foundation of a new global
health governance architecture for innovation under a proposed
WHO treaty instrument that specifically prioritizes (i) global
health needs-driven research, (ii) NTD R&D, (iii) global funding
mechanisms based on a sliding scale related to the country’s na-
tional income (e.g., 0.01% of gross domestic product [GDP]), (iv)
ensuring equitable distribution and pricing of medicines, and (v)
promoting open access to and exchange of information and ideas
(including technology transfer) (321, 343, 349). Core to the treaty
is the requirement that national governments have a legal obliga-
tion to provide a minimum investment in R&D through a central-
ized global financing structure ensuring sustainable financing
(321). In 2012, the Consultative Expert Working Group (CEWG)
and subsequently the WHA recommended that countries begin
the process of negotiating a global medical R&D convention (321,
343).

However, obtaining member state agreement to binding treaty
terms and ensuring that obligations do not conflict with other
existing international intellectual property rights regimes such as
the TRIPS agreement and free-trade agreements that include
more favorable pharmaceutical innovation-related terms (i.e.,
“TRIPS-plus agreements”) will likely prove to be difficult, even
though modification of these trade and IPR agreements to accom-
modate the proposal has been suggested (348). This is especially
true given that only one health treaty (the WHO Framework Con-
vention on Tobacco Control) has ever been established under the
auspices of the normative powers of the WHO Constitution and
given the reality that treaty negotiations are often lengthy, costly,
and uncertain (350, 351). Further, reaching global consensus
upon the core requirement of the treaty and other requirements
appears to be difficult. These include the global “tax” or “contri-
bution” requirement central to the function of the R&D treaty as
well as requiring increased public sector drug discovery financing.
As a reflection of these challenges in negotiation, diplomats have
failed to make progress on negotiations and have instead sup-
ported a series of demonstration projects, which are described
below (352).

Global Fund for NTDs. A proposal for a global multistake-
holder partnership modeled after the Global Fund has been sug-
gested for NTDs (58). The Global Fund has emerged as a leading
global health institution, funding mechanism, and successful
large-scale PPP model that has attracted billions of dollars in fi-
nancing and led to major advances in combating HIV/AIDS, ma-
laria, and TB (58, 353). Translation of the Global Fund model to
NTDs seems logical. These diseases impact the poorest and have a

significant global burden of disease, require a sustainable funding
mechanism and harmonization of stakeholder/donor activities,
may be treated by low-cost drugs that can be available as generics,
and require health system strengthening and scale-up of treat-
ment delivery. Further, many NTD-focused partnerships have al-
ready engaged the private sector in drug discovery and medicine
donations (58). All of these areas are within the operational exper-
tise of the Global Fund, and this governance structure would seem
apropos to the management issues for NTD efforts.

Though it is a plausible solution for enhancing funding and
delivery of interventions for NTDs, the steps and political will
required to create an “NTD Global Fund” are still underdevel-
oped. Possible strategies include expanding the current Global
Fund’s mandate to include NTD control and elimination or es-
tablishing a special and separate “NTD Fund” similar to structures
such as the Global Fund, Stop TB Partnership, and Global Polio
Eradication Initiative, with active participation of donors, WHO,
and other NTD global partnerships in its planning and operation
(58). There has also been a related proposal advocating for a “so-
cial offset” mechanism in NTD funding that would set aside re-
sources for NTD related socio-environmental and health system
issues (e.g., access to clean water and sanitation, community edu-
cation for infection prevention, and vector control) to promote a
more integrated approach for biomedical and socioeconomic de-
terminants of health (354).

Prize funds and advanced market commitments. Prize funds
act as pull mechanisms for R&D by providing financial incentives
for successful drug development and can be used to promote NTD
innovation (343). This includes proposals for fixed awards, mile-
stone requirements to space out payments, and prize amounts
based on outcome measures such as impact on DALYs (326). Prize
funds seek to delink R&D costs from the end price of the final
product, often by including IPR management requirements in
order to ensure accessibility (343).

However, specific calculation of correct prize value can be
highly difficult. Payment terms must be carefully crafted to appro-
priately incentivize initial participation while mitigating potential
overpayment for subsequent inconclusive research that does not
lead to a finished product (326). Indeed, these programs often end
up paying premiums to offset potential R&D investment failures
(326).

AMCs are a vehicle similar to prize funds but may represent a
more viable solution, as they operate through market creation or
risk reduction (343). They provide specific criteria for future pro-
curement of fixed drug quantities at agreed-upon pricing, ensur-
ing an initial market for developed drugs (326). However, AMCs
also suffer from the need for detailed but often unavailable, ques-
tionable, and/or incorrect information on costs. This may result
from inherent difficulties in calculating future reference prices for
approved, developed drugs versus estimated costs for industry
R&D expenses (326). In fact, R&D expenditures may be variable
over the drug development cycles and subject to market-based
changes (e.g., inflation and foreign exchange fluctuations).

Both AMCs and prize funds require complex balancing of
R&D cost calculations and future medication prices to ensure af-
fordability for resource-poor populations. They ultimately rely on
negotiation/agreement with industry partners, which can be ex-
tremely time-consuming and labor-intensive as well as heavily
biased toward industry repeat players (326).

Orphan drug legislation. Drug manufacturers sometimes en-
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gage in the development of products that target rare diseases, such
as orphan drug indications (i.e., conditions that generally lack an
approved treatment pathway and, as classified by U.S. law, afflict
fewer than 200,000 patients), though they often require financial
or market exclusivity incentives in order to engage in drug devel-
opment for these needy populations (355). Extended drug market
exclusivity provisions under orphan drug legislation (e.g., in the
United States, Japan, Australia, and European Union) has been
proposed as a possible mechanism to incentivize NTD drug R&D
given its relative success in promoting development of drugs for
rare diseases (355, 356). Common incentive mechanisms in exist-
ing orphan drug legislation include fast-track regulatory pro-
cesses, protocol assistance for clinical trials, tax credits, exemption
of registration fees, and access to research grants (356).

Orphan disease designation for NTDs has been used only a few
times, and generally such incentives rely upon small biotechnol-
ogy firms in niche markets rather than large multinational phar-
maceutical manufacturers for utilization (356). However, orphan
drug legislation strategies used in developed countries may not be
translatable to resource-poor settings and can have unintended
consequences for NTD medicine access. Specifically, drug devel-
opment through orphan drug laws has been criticized because it
provides private-sector benefits in the form of market exclusivity
without ensuring patient access or affordability (158, 355). This
approach is particularly risky for resource-poor countries, whose
drug regulatory systems and authorizers may be unable to ade-
quately control or obtain price concessions (158).

Tax and trade incentives. In an attempt to address practical
considerations of economic and trade issues that may negatively
impact NTD R&D investment and medicine access, a global policy
proposal has suggested more targeted use and coordination of
national R&D tax credits and lowering of WTO trade and tariff
barriers for NTD-related commodities (357). Some governments
have applied this approach by providing additional tax credits to
incentivize infectious disease research (343).

Specifically, the policy proposal would reform national tax
codes for pharmaceutical R&D expenditures by requiring
prequalification of incentives (that can come in the form of tax
credits or subsidies) and targeting them for expenditures and or-
ganizations actively engaged in NTDs and other drug develop-
ment for diseases that impact the poor and underserved (357).
This could be accomplished by reducing or eliminating tax-based
incentives for development of drugs that may be of lower global
health need (e.g., lifestyle drugs or drug classes where first- or
second-line therapy is already available) (357).

The policy proposal also calls for the elimination of trade-re-
lated barriers (including tariff and nontariff barriers) to NTD-
associated products and commodities to ensure that interventions
are delivered cost-effectively to the populations that need them
(357). Prior studies have already identified that more than half of
countries in sub-Saharan Africa impose drug tariffs and that 40
countries apply tariffs to imported vaccines, potentially limiting
their accessibility (358). This can also augment efforts to harmo-
nize, reduce, or eliminate variable taxes and tariff rates on insec-
ticide-treated mosquito bed nets used as a public health interven-
tion against malaria (359).

Though this policy proposal has the potential to incentivize
elements of NTD R&D funding and ensuring affordable access to
NTD treatments by lowering prices, global harmonization of tax
incentives and trade and tariff policies is extremely complex and

requires multistakeholder coordination and consensus building
within and between both the public and private sectors. Further,
tax incentives through credits and subsidies do not guarantee that
pharmaceutical firms will engage in NTD R&D if those drugs will
nevertheless be unprofitable and cannot be used by firms that are
operating at a financial loss (343).

Socially responsible and humanitarian licensing. Another
emerging IPR management strategy to promote equitable access
to NTD-related products is the practice of socially responsible
licensing, also known as global access or humanitarian licensing,
by academic and research institutions (360). This includes grass-
roots advocacy in the movement for global access to medicines,
specifically calling for research institutions to include equitable
IPR management and technology transfer provisions in their li-
censing agreements when attempting to commercialize research
(360). Socially responsible licensing principles often include es-
tablishing “equitable access licensing” policies at the institutional
level, requiring nonexclusive and open licensing for developing
countries and/or NTD innovation in technology transfer, having
licensees allow “generic” production for low-income markets, re-
quiring that licensees forego patent protection in developing
countries, and developing partnerships to enhance access to med-
icines (360–364).

The Universities Allied for Essential Medicines (UAEM), a
nonprofit international organization that advocates for global ac-
cess to medicines and is led by university students, has acted as the
primary advocate for these practices and has developed its own
framework of principles on how institutional global access poli-
cies should be implemented (360, 365). UAEM has also high-
lighted NTDs as a programmatic priority and in 2010 held a Ne-
glected Disease and Innovation Symposium that brought public
and private stakeholders together to discuss future policy direc-
tions and advocacy for NTD innovation efforts (366). Indeed,
NTDs are becoming a predominant theme in socially responsible
licensing, and policies have included licensing requiring at-cost
production and sale of a novel drugs to treat leishmaniasis in de-
veloping countries (360). Institutions that have adopted related
policies include the University of British Columbia, Emory Uni-
versity, the University of California Berkeley, Boston University,
the University of Edinburgh, and Oxford University (360, 365).

Barriers to more universal adoption include concerns about
the negative financial impact of socially responsible licensing pol-
icies on institutions as well as industry concerns about diversion
or reimportation of generic formulations back into developed
countries, which could lead to price erosion (360, 365). Further,
though UAEM has been active in advocacy efforts, only a small
minority of universities have actual adopted comprehensive
global access licensing programs as recommended by the organi-
zation (360).

Open-source drug discovery and development. Open-source
drug discovery and development models are a relatively new and
innovative strategy focused on encouraging collaboration, shar-
ing, and dissemination of research outcomes and deliverables
through the public domain or a customized license (343). Open-
source collaborations in science and medicine have led to well-
known advancements, including human genome sequencing and
open-source software (e.g., the Linux operating system) and are a
growing trend in academic publishing as more peer-reviewed
journals move to an open-access format to more broadly dissem-
inate research findings (367–370).
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The same open-access model can bring benefits in the drug
discovery process for NTDs, especially if it can leverage the grow-
ing published data on sequenced genomes of organisms associated
with NTDs and encourage broader open community research
participation (368, 371, 372). Specifically, open-source drug dis-
covery can have the potential to advance screening and identifying
of potential protein targets/compounds/new chemical entities for
drug discovery, target existing drugs (i.e., “drug repurposing”) for
potential NTD drug candidates, enable more collaboration in-
volving researchers in developed and developing countries, and
potentially lower drug discovery-associated costs (64, 323, 372–
376). Though it is an innovative concept and one that has shown
success in other industries, open-source drug discovery is still in
its relative infancy (371). Possible impediments to more wide-
spread use of open-source drug discovery practices include the
absence of a critical mass of participants and preexisting work
necessary to build incremental innovation progress (371).

However, despite challenges, NTD drug development is at the
forefront of the open-source drug discovery movement. This in-
cludes the Tropical Disease Initiative (TDI), which provides a de-
centralized, web-based, open-source environment for volunteer
collaboration on NTD drug discovery (371). Other open-access
resources for NTD development include TDRtargets.org, which
provides genetic, biochemical, and pharmacological data and
computational predictive models for prioritizing drug target can-
didates for NTD pathogens (372, 376). Regional open-source
drug discovery NTD initiatives are also under way, including the
African Network for Drugs and Diagnostics Innovation (ANDI),
initiated by TDR in 2008 and now housed at the UN Economic
Commission for Africa (377, 378). ANDI’s primary goal is to pro-
mote African-led health product innovation to address African
public health needs under regional governance and management
(379).

WHO CEWG demonstration projects. Many of the above-re-
viewed policy proposals for NTDs have also been assessed by the
WHO-led CEWG on Research and Development, whose mandate
was to analyze innovative financing mechanisms and coordina-
tion of health product and technological development, especially
for those diseases for which access to medicines is lacking and that
impact developing countries (36, 343, 344, 380). CEWG assessed a
number of different proposals in this area and in April 2012, is-
sued its final report recommending the further development of a
global framework on research and development (e.g., an interna-
tional treaty on R&D), open approaches to R&D and innovation
(e.g., open drug discovery and socially responsible licensing),
pooled funding (e.g., Global Fund for NTDs), direct grants to
firms and milestone prizes and end prizes (e.g., prize funds and
AMCs), and assessment of patent pool utilization (347).

In addition, CEWG also initiated additional meetings in March
2014 to assess and recommended a set of demonstration projects
that demonstrate effectiveness of alternative, innovative, and sus-
tainable financing and coordination approaches for diseases that
disproportionately affect developing countries and where R&D
has failed (381). Interestingly, all of the four CEWG-recom-
mended demonstration projects address NTDs. The recom-
mended demonstration projects include submissions from DNDi,
the Medicines for Malaria Venture, the U.S. FDA and others, and
ANDI (381). They focus specifically on innovation, development,
and access to therapy for visceral leishmaniasis, open-access/
source drug discovery for a range of NTD compound candidates,

and development of affordable biomarkers for use in diagnostics
for four parasitic NTDs (including for HAT) (381).

The recommended demonstration projects have met with
some criticism, specifically that they lack novelty in favor of proj-
ects deemed more viable (e.g., low-risk), many of which are al-
ready under way, and may not have much of an impact (352, 382).
Though these demonstration projects have yet to be fully imple-
mented or endorsed by the WHO stakeholders, the emphasis on
innovation for NTDs provides further evidence of raising global
awareness and urgency for the need of tangible action and invest-
ment in NTDs.

CONCLUSION

The 21st century has created new and more challenging issues
regarding infectious diseases, including concerns regarding their
emergence and reemergence and their impact on the future of
human development. Emergence and reemergence of old and new
infectious diseases alike continue worldwide, are complex and
multidisciplinary, involve a host of contributing factors, and are
now accelerated by globalization, presenting unique challenges
for collective global public health efforts and health security. At
the same time, neglected tropical diseases continue to be a blight
on human progress and remain critical impediments to alleviating
worldwide poverty as envisioned by the international community
through the MDGs.

Though scientific progress in addressing some infectious dis-
eases is moving forward, the goals of elimination and eradication
of all NTDs remain largely distant. Within this context, EReNTDs
represent a subset of infectious disease that require close attention.
These diseases have the potential to emerge/reemerge while re-
maining neglected in the global health priority setting. Though
commitments have been made, there remains a dearth of neces-
sary diagnostics, vaccines, and therapeutics needed to help popu-
lations affected by these terrible diseases, which can lead to signif-
icant morbidity and mortality in these populations. Global public
health policies and interventions that hope to tackle the unique
threats posed by EReNTDs need to be integrated and innovative to
address the multifaceted factors associated with these diseases,
which range from addressing vector control to alleviating poverty
to addressing underlining social determinants, attending to cli-
mate change, blocking spread via international travel and trade,
providing for more robust surveillance, and financing innovation.

Newly developed strategies that focus upon integration, such
as the One Health concept, multiple stakeholder cooperation
through public-private partnerships, and innovative financing
and incentive mechanisms, all have a role to play in ensuring that
the global control of EReNTDs moves apace. Continued policy
advocacy, commitment, investment, and exploration of these
strategies are critical to assisting the “bottom billion” out of the
neglected disease trap and also preventing the continued spread of
these diseases to other global populations. Only by these means
can the global health community hope to alleviate the immense
suffering caused by EReNTDs and work toward their ensured
elimination and eradication now and for future generations.
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