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Opinion statement

This year marks the fifth anniversary of the World Health Organization’s roadmap and the
activities spearheaded by the coalition Uniting to Combat Neglected Tropical Diseases for
the control and elimination by the year 2020 of these diseases. It also marks a decade of
integrated scaled-up mass drug administration efforts supported by the US Agency for
International Development. Through the 2012 London Declaration for NTDs, the soil-
transmitted helminths were targeted for control through mass drug administration (MDA)
or preventive chemotherapy, together with basic sanitation and clean water (WASH).
However, recent reports show there are multiple forces that provide substantial challenges
for advancing the control or elimination of this subset of diseases (especially for hook-
worm disease) by relying solely on preventive chemotherapy or PC together with WASH.
This review provides a summary of the recent publications that highlight the achievements
and challenges of the global health agenda to control and eliminate the neglected tropical
diseases, summarizes the reports of the current knowledge of hookworm disease, and
focuses on the outlook of the alternative and innovative research and development
strategies (diagnostics and vaccine development) that are an essential component to
accelerate the global health agenda for their control and elimination.
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Introduction

The modern concept of Neglected Tropical Diseases, first
coined in the 2000s [1e], describes the collection of a
group of 17 chronic and debilitating diseases that affect
the poorest populations in the world, hence considered
the diseases of inequity [2]. In 2010, the Lancet pub-
lished a series of reviews on Neglected Tropical Diseases
(NTDs) highlighting the diseases and their socioeco-
nomic impact, the existing programs for elimination
and control, the challenges and opportunities, and the
policy framework [3e, 4-7].

The World Health Organization (WHO) in 2012
updated the roadmap for NTDs to provide guidelines
on how to develop, improve, and implement integrated
control programs for the diagnosis, treatment, and pre-
vention of these diseases with the goal of reducing bur-
den of disease towards their elimination by the year
2020 [8]. Member states in a World Health Assembly
Resolution in 2013 endorsed the 2020 targets [9].

This roadmap for elimination was followed by
the launch of the London Declaration on NTDs,
where global health leading organizations, pharma-
ceutical companies, donors, endemic countries, and
non-government organizations joined collectively
in the effort towards the achievement of the
WHO 2020 targets for a selected group of NTDs
[10]. A coalition of these partners called Uniting to
Combat NTDs was created [11] and four diseases
(lymphatic filariasis, leprosy, sleeping sickness, and
blinding trachoma) were targeted for elimination,
while schistosomiasis, soil-transmitted helminth
infections (STH), Chagas disease, and visceral
leishmaniasis were targeted for control through
mass drug administration (MDA) (also known as
preventive chemotherapy) or other interventions
[12]. Dracunculiasis was also targeted for disease
eradication.

The global challenges of preventive chemotherapy

This year, a Lancet review by Molyneux et al. [13ee] provides an elegant and
detailed update of the global health agenda for the control and elimination of
NTDs marking this year’s fifth anniversary of the London Declaration and the
plans for NTD control and elimination included in the United Nations
Sustainable Development Goal targets [14].

Even though reports show that more than one billion people in 88 countries
have received preventive chemotherapy, the Global Burden of Disease studies
and other reports show that there are multiple forces presenting substantial
challenges for control and elimination by relying solely on preventive chemo-
therapy or disease management [14-16]. Global poverty and economic devel-
opment, weak health systems, and the increasing areas of political conflict and
war zones as well as epidemiological surprises clearly prevent the ability of
implementing or even scaling WHQO's proposed integrated approaches. Instead,
these studies support the notion that there are ample opportunities to tackle
these issues by the establishment and expansion of ventures and cohesive
collaborations to advance new research and development innovation
complementing MDA and disease management such as vaccines, new drugs,
and better diagnostic tools.

Control strategies for soil-transmitted helminths

Amongst the NTDs, the soil-transmitted helminths [Ascaris lumbricoides,
Trichuris trichiura, and the major human hookworm (Necator americanus)],
which are intestinal worms acquired via contaminated water or via penetration
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of an infective larvae through the skin, are to be targeted for elimination via
MDA. Even though the number of treated school-age children has increased
since 2012, global coverage remains on average only 50% and the burden of
disease has not significantly diminished. Deworming efforts are now advancing
to include pre-school children and adult populations. However, as mentioned in
previous reports by our group and others, and based on modeling studies, MDA
alone or even the promotion of access to clean water, sanitation, and hygiene
may not, in the long term, interrupt helminth transmission [13ee, 16, 17]. This
has been reaffirmed in the recent 2013 Global Burden of Disease study where
data shows that MDA is not having the impact that was expected for these
intestinal parasites. Indeed, there has only been a modest percentage change
from 1990 to 2013 for ascariasis (25.5% reduction) and trichuriasis (11.6%
reduction) while for hookworm, an increase in prevalence was observed (5.1%
increase) during this period [18]. Finally, a survey of NTD experts, asked to
provide thoughts on the effectiveness of MDA for the control and elimination of
soil-transmitted helminths, confirmed it is unlikely that preventive chemother-
apy would eliminate infection but rather additional measures would be needed
to complement such an approach [19].

Emerging solutions for effective control

The current guidelines for STH MDA approaches could be revised and strength-
ened by expanding treatment for adult populations and folding in additional
deworming medicines [20]. Even then, however, a recent systematic review
suggests that the health benefits of deworming may not be as pronounced as
initially believed [21]. The reasons for these findings are under investigation but
may include rapid reinfection after treatment and low efficacies for hookworm
and T. trichiura infections.

In the last decade, several groups and initiatives have focused on
research and development of innovative tools to improve both diagnostics
as well as alternative interventions (vaccine and new drugs) for the control
of soil-transmitted infections. In the field and in low-resource settings,
depending on their intensities, these infections can be a challenge to
diagnose especially if they only rely on clinical manifestations. In addition,
their detection, which in these settings is primarily based on traditional
stool-based microscopic methods (requiring qualified technicians), can be
hampered because infected individuals have irregular shedding of eggs
and/or larvae. For the last two decades, new technologies, applying the
“omics,” have substantially advanced towards the use of molecular diag-
nosis. These new techniques have been extremely useful to monitor and
assess prevalence and intensities during immune-epidemiological field
studies and during clinical trials. These advances in molecular diagnostics
for soil-transmitted infections are summarized in detail by O’Connell and
Nutman [22ee].

Our Product Development Partnership (PDP), Texas Children's Hospital
Center for Vaccine Development, based in Houston Texas has more than
16 years of evaluating viable alternative research and development solutions
for the prevention of intestinal helminths [23e]. Using a global partnership
approach, we join forces and form coalitions with scientists from academic
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institutions, government agencies, and non-governmental establishments to
develop and test low-cost vaccines such as the human hookworm vaccine [24e].

Hookworm disease

Amongst the soil-transmitted helminths, hookworm disease caused by
N. americanus, the major species pathogenic to humans, causes iron deficiency
anemia and chronic morbidity symptoms (lethargy, physical, and cognitive
impaired development) afflicting more than half a billion people primarily
children and women in child-bearing age and leading to drastic productivity
and economic losses [24e, 25e0].

For the past decade, multiple articles have been published that summarize in
detail the pathology, epidemiology, immunology, and host switches of hook-
worm disease as well as modeling studies to better understand the global
economic and health burden [16, 24e, 250, 26-28]. Briefly, it is well known
that patients infected with hookworm do not mount a protective immune
response, explained primarily because the host-parasite interactions create an
immune-tolerant environment allowing the worms to survive for a long period
of time. Starting from the infective larva penetration through the skin, the
parasite creates an environment of immune evasion producing and releasing
macromolecules, which facilitate invasion, migration, and development of the
larvae into mature adult worms. The pathophysiology caused by the adult
hookworm is a consequence of massive blood losses while the adult worm is
lodged in the intestinal mucosa and actively feeds on the blood. Furthermore,
and to reduce the amount of pathology, the worm modulates the immune
response with switches towards immune tolerance or suppression permitting a
symbiotic relationship where hookworm burden is tolerated. Unfortunately,
even though there may be an interdependent relationship between the host and
the parasite, having moderate to heavy infections can lead to a depletion of iron
reserves in the host or the so-called chronic iron deficiency anemia, which in
turn can lead to a reduction of cognition and physical and intellectual
development in school-age children. Lastly, hookworm infections in
women of child-bearing age can also lead to infertility or poor birth
outcomes [16, 24e, 2500, 26-28].

Therefore, understanding the global economic and health burden of hook-
worm disease is a crucial and needed step that facilitates in-country officials,
policy makers, researchers, and funders when selecting the best intervention
strategies for control and elimination and in support of the need of innovation
in research and development approaches. These data have now revealed that the
economic impact caused by hookworm disease can range from $7.5 billion to
$138.9 billion annually, which surpasses the impact of some of the mortality
diseases, i.e., tuberculosis, dengue, and rotavirus [26].

Human hookworm vaccine initiative

Alternative or complementary interventions (such as vaccines, new drugs, or
community-wide programs) are essential to ensure there is a positive influence
in hookworm burden of disease and alleviate the disability it causes amongst
the populations. As highlighted above, the development of a human
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hookworm vaccine would be an attractive strategy to be integrated within the
framework of MDA campaigns. Cost modeling studies predict that this ap-
proach could be highly cost-effective leading towards a decline of reinfection
rates, improve individual and population health, and at the same time provide
healthcare cost savings [27, 28].

In terms of pharmacological treatment for hookworm disease, a Cochrane
analysis identified minimal efficacy for a single-dose mebendazole, with cure
rates of approximately 15% (range 0-68%) against N. americanus. Similarly,
single-dose albendazole treatment provides variable efficacies and rapid re-
bound infection. These findings demonstrate the need to develop a vaccine that
can be combined with preventive chemotherapy [29].

Advancements of the human hookworm vaccine development to date are
described in recent articles [16, 24e, 30ee]. In recent years, there has been an
increased interest for strategies that could accelerate clinical development of
vaccine interventions, especially for those diseases that require complex field-
based clinical studies in resource poor areas of the world. The development of
controlled human challenge models are increasingly being adopted to establish
clinical proof of concept [31]. Interestingly, a controlled human hookworm
infection model is in progress with the goal to test efficacy of vaccine formula-
tions before entering field-based clinical trials but also as a model to validate the
proteome of hookworms in search of new immunotherapies [16, 32].

Conclusion

The soil-transmitted helminths and particularly hookworm infections contribute
a substantial level of burden of disease globally. These parasites have developed
complex and sophisticated biological and physiological mechanisms to maintain
a symbiotic relationship within the host producing a collection of proteins,
enzymes, and immune responses aiding to their penetration, movement, devel-
opment, and survival. The development of new diagnostics, new drugs, and
vaccines would represent a new generation of cost-effective biotechnology ap-
proaches for the control of these diseases. Even though these interventions may
not fully tackle total prevention of infection, they may be successful at reducing
the burden of disease or the magnitude of the intensity of infections.

To achieve the global health agenda for the elimination of soil-transmitted
diseases and hookworm disease, alternative strategies will need to be incorpo-
rated and adopted within the strategies designed for the sustainable develop-
ment goals and within the WHO and London Declaration disease elimination
frameworks. In particular, it is imperative that hookworm disease-endemic
countries and emerging economies will require to be fully committed towards
the 2020 elimination and meeting control targets.

Acknowledgements

Maria Elena Bottazzi thanks Dr. Peter Hotez, Dean of the National School of Tropical
Medicine, for his guidance and review during the preparation of this work.



228 Neglected Tropical Diseases (A Sanchez, Section Editor)

Compliance with Ethical Standards

Conflict of Interest

Maria Elena Bottazzi is an Associate Dean of the National School of Tropical Medicine, Professor of Pediatrics, and
the Deputy Director of Texas Children’s Hospital Center for Vaccine Development, a Product Development
Partnership with ongoing programs for the development and testing of vaccines against neglected tropical diseases
including hookworm, schistosomiasis, onchocerciasis, Chagas disease, and leishmaniasis. She has no other relevant
affiliations or financial involvement with any organization or entity with a financial interest in or financial conflict
with the subject matter or materials discussed in the manuscript apart from those disclosed. No writing assistance
was utilized in the production of this manuscript.

Human and animal rights and informed consent
This article does not contain any studies with human or animal subjects performed by any of the authors.

References and Recommended Reading
- ]
Papers of particular interest, published recently, have been

highlighted as:

o Of importance

oo Of major importance

l.e Molyneux DH, Hotez PJ, Fenwick A. “Rapid-impact 10. London Declaration on Neglected Tropical Diseases.
interventions”: how a policy of integrated control for 2017. Available from: http://www.who.int/neglected_
Africa’s neglected tropical diseases could benefit the diseases/London_Declaration_NTDs.pdf.
poor. PLoS Med. 2005;2(11):e336. 11.  Uniting to Combat Neglected Tropical Diseases. 2017.

Paper outlining the rapid-impact mass drug administration Available from: http://unitingtocombatntds.org/.

strategy. 12. London Dedlaration. 2017. Available from: http://

2. World Health Organization. Neglected tropical dis- unitingtocombatntds.org/resource/london-declaration.
eases. 2017. Available from: http://www.who.int/ 13.¢¢  Molyneux DH, Savioli L, Engels D. Neglected tropical
neglected_diseases/diseases/en,/. diseases: progress towards addressing the chronic

3.0 Molyneux DH. Neglected tropical diseases—beyond pandemic. Lancet. 2017;389(10066):312-25.
the tipping point? Lancet. 2010;375(9708):3-4. doi:10.1016/S0140-6736(16)30171-4.

Paper summarizing the collection of neglected diseases Paper summarizing the global health agenda for the con-

4. Liese B, et al. Programmes, partnerships, and gover- trol and elimination of NTDs.
nance for elimination and control of neglected tropical  14.  Molyneux DH. The London Declaration on Neglected
diseases. Lancet. 2010;375(9708):67-76. Tropical Diseases: 5 years on. Trans R Soc Trop Med

5. Gyapong JO, et al. Integration of control of neglected Hyg. 2017; doi:10.1093/trstmh/trw082.
tropical diseases into health-care systems: challenges 15.  The Lancet: Global Burden of Disease. 2017. Available
and opportunities. Lancet. 2010;375(9709):160-5. from: http://www.thelancet.com/gbd.

6. Baker MC, et al. Mapping, monitoring, and surveillance  16.  Bottazzi ME. Vaccines against neglected tropical dis-
of neglected tropical diseases: towards a policy frame- eases: promising interventions to rescue the poorest
work. Lancet. 2010;375(9710):231-8. populations in the Americas. Immunotherapy.

7. Conteh L, et al. Socioeconomic aspects of 2014;6(2):117-9. doi:10.2217/imt.13.159.
neglected tropical diseases. Lancet. 17.  Campbell SJ, et al. A critical appraisal of control strat-
2010;375(9710):239-47. egies for soil-transmitted helminths. Trends Parasitol.

8. Accelerating work to overcome the global impact of 2016;32(2):97-107. doi:10.1016/j.pt.2015.10.006.
neglected tropical diseases. A roadmap for implementa- 18. Global Burden of Disease Study 2013 Collaborators.
tion. 2017. Available from: http://www.who.int/neglected__ Global, regional, and national incidence, prevalence,
diseases/NTD_RoadMap_2012_Fullversion.pdf. and years lived with disability for 301 acute and chronic

9. Sixty-sixth World Health Assembly WHA 66.12 Agenda diseases and injuries in 188 countries, 1990-2013: a
item 16.2 27 May 2013, Neglected tropical diseases. systematic analysis for the Global Burden of Disease
2017. Available from: http://www.who.int/neglected_ Study 2013. Lancet. 2015;386(9995):743-800.

diseases/mediacentre/ WHA_66.12_Eng.pdf?ua=1. doi:10.1016/S0140-6736(15)60692-4.


http://www.who.int/neglected_diseases/diseases/en/
http://www.who.int/neglected_diseases/diseases/en/
http://www.who.int/neglected_diseases/NTD_RoadMap_2012_Fullversion.pdf
http://www.who.int/neglected_diseases/NTD_RoadMap_2012_Fullversion.pdf
http://www.who.int/neglected_diseases/mediacentre/WHA_66.12_Eng.pdf?ua=1
http://www.who.int/neglected_diseases/mediacentre/WHA_66.12_Eng.pdf?ua=1
http://www.who.int/neglected_diseases/London_Declaration_NTDs.pdf
http://www.who.int/neglected_diseases/London_Declaration_NTDs.pdf
http://unitingtocombatntds.org/
http://unitingtocombatntds.org/resource/london-declaration
http://unitingtocombatntds.org/resource/london-declaration
http://dx.doi.org/10.1016/S0140-6736(16)30171-4
http://dx.doi.org/10.1093/trstmh/trw082
http://www.thelancet.com/gbd
http://dx.doi.org/10.2217/imt.13.159
http://dx.doi.org/10.1016/j.pt.2015.10.006
http://dx.doi.org/10.1016/S0140-6736(15)60692-4

Hookworm disease strategies for elimination

Bottazzi 229

19. Keenan JD, Hotez PJ, Amza A, Stoller NE,
et al. Elimination and eradication of neglected
tropical diseases with mass drug administra-
tions: a survey of experts. PLoS Negl Trop Dis.
2013;7(12):e2562. doi:10.1371/journal.pntd.
0002562.

20. Lo NC, Addiss DG, Hotez PJ, King CH, Stothard JR,
Evans DS, Colley DG, Lin W, Coulibaly JT, Bustinduy
AL, Raso G, Bendavid E, Bogoch I, Fenwick A, Savioli
L, Molyneux D, Utzinger J, Andrews JR. A call to
strengthen the global strategy against schistosomia-
sis and soil-transmitted helminthiasis: the time is
now. Lancet Infect Dis. 2017;17(2):e64-9.
d0i:10.1016/S1473-3099(16)30535-7. Review

21. Welch VA, Ghogomu E, Hossain A, Awasthi S,

Bhutta ZA, Cumberbatch C, Fletcher R, McGowan J,

Krishnaratne S, Kristjansson E, Sohani S, Suresh S,

Tugwell P, White H, Wells GA. Mass deworming to

improve developmental health and wellbeing of

children in low-income and middle-income coun-
tries: a systematic review and network meta-analysis.

Lancet Glob Health. 2017;5(1):e40-50. doi:10.1016/

§$2214-109X(16)30242-X.

O'Connell EM, Nutman TB. Molecular diagnostics for

soil-transmitted helminths. AmJTrop Med Hyg.

2016;95(3):508-13. doi:10.4269/ajtmh.16-0266.

Paper summarizes new strategies for diagnostics of soil-

transmitted dieases.

23.ee  Zhan B, et al. Advancing a multivalent ‘Pan-anthel-
mintic’ vaccine against soil-transmitted nematode in-
fections. Expert Rev Vaccines. 2014;13(3):321-31.
Published online: 06 Jan 2014.

Paper summarizes current trends for the development of vac-

cines against the soil-transmitted diseases.

24.e  Bottazzi ME. The human hookworm vaccine: recent
updates and prospects for success. ] Helminthol.
2015;89(5):540-44. Published online 2015 Apr 8.
d0i:10.1017/S0022149X15000206.

Latest information on current hookworm vaccines.

22,00

Loukas A, Hotez PJ, Diemert D, Yazdanbakhsh M,
McCarthy JS, Correa-Oliveira R, Croese J, Bethony JM.
Hookworm infection. Nat Rev Dis Primers.
2016;2:16088. doi:10.1038/nrdp.2016.88.

Paper describes the recent findings related to hookworm

disease.

26. Bartsch SM, Hotez PJ, Asti L, Zapf KM, Bottazzi
ME, Diemert DJ, Lee BY. The global economic
and health burden of human hookworm infec-
tion. PLoS Negl Trop Dis. 2016;10(9):e0004922.
doi:10.1371/journal.pntd.0004922.

27. Bartsch SM, Hotez PJ, Hertenstein DL, Diemert
DJ, Zapf KM, Bottazzi ME, Bethony JM, Brown ST,
Lee BY. Modeling the economic and epidemio-
logic impact of hookworm vaccine and mass drug
administration (MDA) in Brazil, a high transmis-
sion setting. Vaccine. 2016;34(19):2197-206.
doi:10.1016/j.vaccine.2016.03.018.

28. Lee BY, Bacon KM, Bailey R, Wiringa AE, Smith KJ. The
potential economic value of a hookworm vaccine.
Vaccine. 2011;29(6):1201-10.

29. Soukhathammavong PA, Sayasone S, Phongluxa K,

Xayaseng V, Utzinger J, Vounatsou P, Hatz C,

Akkhavong K, Keiser J, Odermatt P. Low efficacy of

single-dose albendazole and mebendazole against

hookworm and effect on concomitant helminth infec-
tion in Lao PDR. PLoS Negl Trop Dis.
2012;6(1):e1417. doi:10.1371/journal.pntd.0001417.

Hotez PJ, Diemert D, Bacon KM, Beaumier C, Bethony JM,

Bottazzi ME, et al. The human hookworm vaccine.

Vaccine. 2013;31(Suppl 2):B227-32.

This paper summarizes the current status towards the devel-

opment of a hookworm vaccine.

31. Darton TC, et al. Design, recruitment, and microbio-
logical considerations in human challenge studies.
Lancet Infect Dis. 2015;15(7):840-51.

32. Navarro S, Ferreira I, Loukas A. The hookworm phar-

macopoeia for inflammatory diseases. Int J Parasitol.

2013;43:225-31.

25.00

30.00


http://dx.doi.org/10.1371/journal.pntd.0002562
http://dx.doi.org/10.1371/journal.pntd.0002562
http://dx.doi.org/10.1016/S1473-3099(16)30535-7
http://dx.doi.org/10.1016/S2214-109X(16)30242-X
http://dx.doi.org/10.1016/S2214-109X(16)30242-X
http://dx.doi.org/10.4269/ajtmh.16-0266
http://dx.doi.org/10.1017/S0022149X15000206
http://dx.doi.org/10.1038/nrdp.2016.88
http://dx.doi.org/10.1371/journal.pntd.0004922
http://dx.doi.org/10.1016/j.vaccine.2016.03.018
http://dx.doi.org/10.1371/journal.pntd.0001417

	Human Hookworm Disease: Alternative Strategies to Achieve the Global Health Agenda for Elimination
	Opinion statement
	Introduction
	The global challenges of preventive chemotherapy
	Control strategies for soil-transmitted helminths
	Emerging solutions for effective control
	Hookworm disease
	Human hookworm vaccine initiative
	Conclusion
	Acknowledgements
	Compliance with Ethical Standards
	References and Recommended Reading


