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Preface

The ninth ‘Infection and Immunity in Children’ (IIC) course was held in 
July 2011 at St Catherine’s College, Oxford, UK. This book, the ninth in 
the series, comprises chapters based on presentations made at that course. 
The series provides succinct and readable updates on virtually every topic of 
relevance to Paediatric Infectious Diseases (PID).

The tenth edition is currently in preparation following the 2012 course, 
which once again had a programme delivered by renowned top-class speak-
ers. The programme for the eleventh course, planned for 26–28th June 2013, 
is being finalised as this book goes to press.

PID has emerged as a powerful discipline for the improvement of child 
health in Europe and worldwide over the last quarter of a century. The Euro-
pean Society for Paediatric Infectious Diseases (ESPID) now holds the larg-
est annual conference in PID in the world and sponsors a wide range of 
educational activities for trainees and specialists. Among them is the Oxford 
IIC course, which, with other ESPID-sponsored activities, is an integral part 
of the two-year Oxford Diploma in PID. This course began in 2008 and con-
tinues to enrol trainees from all over Europe, being the first recognised aca-
demic qualification of any kind in PID outside North America. 

The future of PID promises to be eventful, challenging and fascinating, as 
new infections emerge, old infections evolve and new diagnostic techniques, 
treatments and vaccines become available. There is much that is new to learn 
about and we hope this book will provide a further useful contribution to the 
materials available to trainees and practitioners in our important and rapidly 
developing field.

Melbourne, Australia	�  Nigel Curtis
Bristol, UK	�  Adam Finn
Oxford, UK	�  Andrew J. Pollard
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Abstract	

An estimated 100 million people in the Latin American and Caribbean 
(LAC) region live on less than US$2 per day, while another 46 million 
people in the US live below that nation’s poverty line. Almost all of the 
‘bottom 100 million’ people suffer from at least one neglected tropical 
disease (NTD), including one-half of the poorest people in the region 
infected with hookworms, 10 % with Chagas disease, and up to 1–2 % 
with dengue, schistosomiasis, and/or leishmaniasis. In the US, NTDs such 
as Chagas disease, cysticercosis, toxocariasis, and trichomoniasis are also 
common among poor populations. These NTDs trap the poorest people 
in the region in poverty, because of their impact on maternal and child 
health, and occupational productivity. Through mass drug administration 
(MDA), several NTDs are on the verge of elimination in the Americas, 
including lymphatic filariasis, onchocerciasis, trachoma, and possibly lep-
rosy. In addition, schistosomiasis may soon be eliminated in the Carib-
bean. However, for other NTDs including hookworm infection, Chagas 
disease, dengue, schistosomiasis, and leishmaniasis, a new generation of 
‘anti-poverty vaccines’ will be required. Several vaccines for dengue are 
under development by multinational pharmaceutical companies, whereas 
others are being pursued through non-profit product development part-
nerships (PDPs), in collaboration with developing country manufactur-
ers in Brazil and Mexico. The Sabin Vaccine Institute PDP is developing 
a primarily preventive bivalent recombinant human hookworm vaccine, 

N. Curtis et al. (eds.), Hot Topics in Infection and Immunity in Children IX, 
Advances in Experimental Medicine and Biology 764, DOI 10.1007/978-1-4614-4726-9_1,  
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which is about to enter phase 1 clinical testing 
in Brazil, as well as a new therapeutic Chagas 
disease vaccine in collaboration with several 
Mexican institutions. The Chagas disease vac-
cine would be administered to seropositive 
patients to delay or prevent the onset of Cha-
gasic cardiomyopathy (secondary prevention). 
Together, MDA and the development of new 
anti-poverty vaccines afford an opportunity to 
implement effective control and elimination 
strategies for the major NTDs in the Americas.

1.1 � Introduction: Poverty in the 
Americas

Today, almost one-fifth of the 578 million peo-
ple who live in the Latin American and Carib-
bean (LAC) region live in severe poverty. As 
shown in Table  1.1, an estimated 50 and 100 
million people live on less than US$1.25 per 
day (the World Bank poverty level) and US$2 
per day, respectively [1]. These populations 
represent the LAC region’s bottom 100 million. 
Poverty has an uneven distribution in the LAC 
region, such that the bottom 100 million clus-
ter in defined geographical areas of Mexico and 
Central America, South America, and in areas 
with large indigenous populations. For example, 

almost one-half of rural households in Mexico 
are considered poor, most of them in southern 
Mexico; one-half of the population of Central 
America also lives in poverty [2]. Four of the 
eight LAC countries with the lowest human 
development indices (HDIs) are found in Cen-
tral America, including Guatemala, Nicaragua, 
Honduras, and El Salvador (Table  1.2) [3], 
where poverty disproportionately affects indig-
enous populations [2]. Among South American 
populations, there are an estimated 20 million 
poor in Brazil, particularly in the northeast-
ern part of the country, and especially among 
women and children [2]. Some of the poorest 
people in LAC live in indigenous communi-
ties and mountainous areas of Bolivia, Peru, 
and Ecuador and in the Chaco of Bolivia and 
Paraguay [2, 3]. More than one-third of impov-
erished LAC populations live in the Andean 
region [2]. The Caribbean countries of Haiti and 
Guyana also stand out for their low HDIs [3]. 
Overall, the HDIs of the poorest countries in the 
LAC region are similar to many poor African 
and Asian countries (Table 1.2).

Poverty in the Americas is not restricted to 
the LAC region [4–6]. With the recent recession 
in the US the percentage of people living below 
the poverty line has increased to its highest 
level in more than 50 years [4]. It was recently 
determined that the US poverty rate has increased 
to 15 %, with 46 million people living below the 
poverty line [4]. Poverty in the US also has an 
uneven distribution, with the highest rates along 
the Gulf Coast and in South Texas [5, 6]. Poverty 

Table 1.1   Poverty in the Americas. (Data from [1, 4])

Region

Latin America 
& Caribbean

United 
States

Population in 2010 578 million 306 million

Living on less than $1 per 
day in 2005

8.2 %

Estimated number of 
people living on less than 
$1 per day

48 million

Living on less than $2 per 
day in 2005

17.1 %

Estimated number of 
people living on less than 
$2 per day

99 million 

Living below the poverty 
line in 2010

15.1 %

Number of people living 
below the poverty line

46 million

Table 1.2   Countries in the Americas with the lowest 
Human Development Indices. (Data from [3])

Country 2008 
HDI rank

Comparator countries with 
similar HDI rank

Haiti 148 Sudan, Kenya

Guatemala 121 South Africa, Gabon

Nicaragua 120 South Africa, Gabon

Honduras 117 Mongolia, Kyrgyzstan

Bolivia 111 Egypt, Indonesia

Guyana 110 Egypt, Indonesia

El Salvador 101 Algeria, Cape Verde, Vietnam

Paraguay 98 Sri Lanka, Iran

P. J. Hotez et al.



3

also occurs in the Canadian and the Alaskan 
Arctic among Inuit and related populations [7].

1.2 � Neglected Tropical Diseases in 
the Americas

Among the LAC region’s bottom 100 million, 
approximately one-half lack adequate food [8]. 
Equally tragic are the results of our previous 
analysis showing that almost all the bottom 100 
million suffers from one or more neglected tropi-
cal disease [9]. Globally, the neglected tropical 
diseases or ‘NTDs’ comprise 17 major chronic 
parasitic and related infections [10–12]. Impor-
tantly, they not only adversely affect the health 
of infected individuals, but also trap people in 
poverty, because of their long-term impact on 
child growth and cognitive development, preg-
nancy outcome, and occupational productivity 
[11, 13]. Shown in Table 1.3 is a ranking of the 
leading NTDs in the LAC region by disease bur-
den, measured in disability-adjusted life years. 

The leaders are hookworm and other soil-trans-
mitted helminths, Chagas disease (American 
trypanosomiasis), and dengue, followed by leish-
maniasis, schistosomiasis, lymphatic filariasis, 
trachoma, leprosy, onchocerciasis, and cysticer-
cosis [9]. Almost all of the bottom 100 million 
are infected with one or more soil-transmitted 
helminths, including trichuriasis, ascariasis, and 
hookworm. Approximately 10 % are affected by 
Chagas disease and 1 % by dengue fever. Precise 
prevalence data for toxoplasmosis in the LAC 
region is lacking, however it is believed to be com-
mon, especially in Brazil [14]. With the exception 
of Chagas disease and possibly trachoma, most 
of the NTDs were introduced into the Americas 
through the Atlantic slave trade [15], and these 
conditions still disproportionately affect African-
American and indigenous populations [9].

Table  1.3 also shows the disproportionate 
representation of the most common NTDs in 
low HDI countries, for example, hookworm in 
Paraguay and Guatemala, and Chagas disease in 
Bolivia and in several Central American countries 

Table 1.3   The neglected tropical diseases of the Latin American and Caribbean (LAC) region. (Modified from [9])

Disease Estimated 
DALYs in LAC 
(million)

Estimated 
number of 
cases (million)

Estimated bot-
tom 100 million 
affected (%)

Countries most affected

Hookworm 0.1–1.9 50 50 Brazil, Paraguay, Guatemala, Colombia

Ascariasis 0.1–1.1 84 84 Brazil, Mexico, Guatemala, Argentina

Trichuriasis 0.3–1.1 100 100 Brazil, Mexico, Colombia, Guatemala

Chagas disease 0.7 8–9 10 Bolivia, Mexico, Colombia, Central 
America

Dengue 0.1 > 0.6 1 Brazil, Caribbean

Leishmaniasis < 0.1 0.1 1 Brazil, Colombia, Peru, Nicaragua, Bolivia

Schistosomiasis < 0.1 1.8 2 Brazil, Venezuela, Suriname, Saint Lucia

Lymphatic 
FIlariasis

< 0.1 0.7 1 Haiti, Brazil, Dominican Republic, Guyana

Trachoma < 0.1 1.1 1 Brazil, Guatemala

Leprosy < 0.1 < 0.1a < 1 Brazil

Onchocerciasis < 0.1 < 0.1 < 1 Guatemala, Mexico, Ecuador, Venezuela, 
Brazil, Colombia

Human rabies 
from dogs

< 0.1 < 100b < 1 Haiti, Bolivia

Cysticercosis ND 0.4 < 1 ND

Toxoplasmosis ND ND ND Brazil

ND not determined
a New cases
b Cases
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[9]. Dengue and dengue haemorrhagic fever 
(DHF) have become more prevlent throughout the 
LAC region [16]. Brazil has the largest number 
of NTDs of any country in the LAC region [9, 
17], mostly among impoverished populations in 
the northeastern part of the country. However, 
the severe poverty in northeastern Brazil does not 
affect its HDI sufficiently to rank that country in 
the bottom tier.

The economic downturn in the US has 
increased media attention to the plight of the 
Northern American poor, and with it, increased 
recognition of a hidden underbelly of neglected 
infections of poverty [5, 6]. Some NTDs found 
in the LAC region are also found in South Texas 
and the Gulf Coast, including Chagas disease, 
cysticercosis, and dengue (Table  1.4) [5, 6]. 
Of particular concern is evidence suggesting 
autochthonous transmission of Chagas disease 
and dengue in these regions. High prevalence 
rates of toxocariasis and trichomoniasis also 
occur among people living in poverty in the 
US and presumably throughout the Americas  
[5, 6].

1.3 � Adverse Effects on Maternal 
and Child Health, Poverty, and 
Conflict

Overall, there are three major adverse health and 
socioeconomic consequences of high prevalence 
NTDs in the Americas, related to their impact on 
(1) maternal and child health, (2) poverty, and (3) 
conflict (Box 1).

Box 1 Effects of the High Burden NTDs 
on Maternal and Child Health, Poverty, 
and Conflict in the LAC Region

Maternal Child Health
•	 Hookworm is associated with anemia 

in children and pregnancy leading to 
intellectual and cognitive deficits, low 
neonatal birth weight, and increased 
maternal morbidity.

•	 Chagas disease in pregnancy increases 
the risk of miscarriage and preterm birth 
and is associated with vertical trans-
mission in 1 in 20 seropositive moth-
ers resulting in neonatal infection and 
death.

•	 Dengue and DHF disproportionately 
affect children and in pregnancy are 
linked with elevated rates of preterm 
birth, cesarean delivery, and vertical 
transmission.

Poverty
•	 Hookworm is associated with 40  % 

reduction in future wage earning.
•	 Chagas disease results in economic 

losses exceeding US$ 1 billion annually 
with lifetime costs per patient averaging 
almost US$ 12,000.

•	 High dengue economic costs remain 
under investigation.

Conflict
•	 Destabilizing effects on agricultural 

productivity, land use, food security, 
economic growth.

•	 Links with guerilla movements and nar-
cotrafficking.

1.3.1 � Maternal and Child Health

It is not commonly appreciated that the high-
est burden NTDs in the LAC region, including 
hookworm and the other soil-transmitted hel-

Table 1.4   Major neglected infections of poverty in the 
US. (Modified from [5])

Disease Estimated 
number of 
cases (million)

Major populations 
affected

Toxocariasis 1–3 African American

Trichomoniasis 0.9 African American

Chagas disease Up to 1 Hispanic American

Dengue 0.1–0.2 Hispanic American

Cysticercosis 0.04–0.16 Hispanic American
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minths, Chagas disease, and dengue exert special 
adverse consequences for the health of children 
and women.

Hookworms cause chronic intestinal blood 
loss leading to iron deficiency anemia and protein 
malnutrition. Hookworm anemia is more pro-
nounced in women and children because of 
their unique iron metabolisms [18]. Throughout 
the LAC region Necator americanus is the pre-
dominant species causing hookworm disease 
and anemia [9, 18]. In children this infection is 
associated with deficiencies in physical growth 
and cognitive development, while in pregnancy 
it is linked to increased maternal morbidity and 
poor neonatal outcomes [18]. Two recent sys-
tematic reviews confirm the association between 
hookworm infection and anemia in children and 
pregnant women [19, 20]. Specifically, in the 
LAC region N. americanus infection was recently 
linked to anemia in young children in rural Minas 
Gerais State, Brazil [21], and with low neonatal 
birth weight among pregnant women in Peru [22].

Chagas disease has also emerged as an impor-
tant maternal and child health problem, with 
mother-to-child transmission increasingly rec-
ognized as an important route of infection [23]. 
Pregnancy has been shown to enhance T. cruzi 
parasitemia [24], with vertical transmission and 
congenital infection (characterized by hepa-
tosplenomegaly, hydrops, and neonatal death) 
occurring in an estimated 1 in 20 seropositive 
mothers [23, 25]. In North America alone there are 
an estimated 40,000 pregnant women with Chagas 
disease, and several thousand newborns are likely 
to be infected with T. cruzi annually [26]. The 
numbers throughout Latin America would there-
fore be expected to be several-fold higher. Aside 
from congenital infection, Chagas disease dur-
ing pregnancy increases the risk of miscarriage, 
preterm birth, and neonatal infection, which may 
cause infant death or severe sequelae [25].

Dengue and DHF disproportionately affect 
children in much of the developing world, includ-
ing during outbreaks in the LAC region [27, 28]. 
Additionally, a recent systematic review confirms 
the harmful effects of dengue during pregnancy, 
including elevated rates of preterm birth, Cesar-
ean delivery, and vertical transmission [29].

1.3.2 � Poverty and Conflict

The mechanisms by which the NTDs actually 
promote or cause poverty have been reviewed 
previously. These mechanisms include specific 
effects on maternal and child health, in addition 
to the health of workers in the tropics, and agri-
cultural productivity [11, 13]. A retrospective 
analysis of hookworm in the American South 
revealed that chronic hookworm infection in 
childhood reduce future wage earning by 40 % 
[30], postulated to be due to its harmful effects 
on child cognitive development. Similarly, Cha-
gas disease is associated with US$1.2 billion in 
economic losses annually, because of its impact 
on maternal and child health and occupational 
productivity, as well as the very high costs of 
treatment, with a lifetime cost averaging almost 
US$12,000 per patient [31]. Economic losses 
from dengue in India were recently estimated 
to be US$27.4 million during a 2006 epidemic 
[32], however a recent systematic review con-
cluded that the economic literature on dengue 
is “sparse” and results are conflicting because 
of the use of inconsistent assumptions [33]. 
NTDs also promote conflict and warfare through 
destabilizing effects on agricultural productivity, 
abandonment of arable lands, food insecurity and 
decrements in educational attainment and wage 
earning [34]. In the LAC region an association 
has been noted between guerilla movements and 
the trafficking of narcotics with Chagas disease 
and leishmaniasis [35].

1.4 � Eliminating NTDs in the 
Americas

Several high-prevalence NTDs, including lym-
phatic filariasis, onchocerciasis, and trachoma 
are being eliminated as public health problems 
in the LAC region [9]. The term elimination 
refers to reduction in the incidence of a specific 
infection to zero or below a threshold that can 
no longer sustain transmission. Such elimination 
efforts rely heavily on mass MDA, often with 
drugs donated by the pharmaceutical industry, 
including ivermectin for onchocerciasis; diethyl-
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carbamazine and albendazole for lymphatic 
filariasis; and azithromycin for trachoma [36]. 
Through MDA along with other control mea-
sures including integrated vector management, 
lymphatic filariasis has been eliminated from 
Costa Rica, Suriname, Trinidad, and Tobago 
(Table  1.5), with expectations that this disease 
might also be eliminated from the few remain-
ing endemic countries, including Brazil, Haiti, 
Dominican Republic, and Guyana by 2020.

Similarly through the Onchocerciasis Elimi-
nation Programme of the Americas (OEPA) it 
should be possible to eliminate onchocerciasis in 
the six remaining endemic countries, Guatemala, 
Mexico, Venezuela, Ecuador, Colombia, and Bra-
zil, where approximately 0.52 million people are 
at risk for infection, while trachoma remains only 
in Brazil, Guatemala, and in five municipalities 
of neighboring Chiapas state in Mexico [37–39]. 
Today, such elimination efforts are being coordi-
nated by the Pan American Health Organization 
in association with the Interamerican Devel-
opment Bank and a Global Network for NTDs 
based at the Sabin Vaccine Institute. It has been 
estimated that US$128 million will be required 
to eliminate these three infections in the LAC 
region by the year 2020 [39], and a special “LAC 
fund” has been established in order to receive 
public and private donations for this purpose.

Through MDA with praziquantel, schistoso-
miasis remains endemic in only four LAC coun-
tries, including Brazil, St. Lucia, Suriname, and 
Venezuela, having been previously eliminated 
from Martinique, Guadeloupe, Puerto Rico and 
the Dominican Republic, with an expectation that 
this disease might be eliminated from the Carib-

bean in the coming years [37, 38]. Because of 
multi-drug therapy with dapsone, clofazimine, 
and rifampin, fewer than 34,000 registered cases 
of leprosy remain in the Americas, with all but 
about 4,000 cases being in Brazil [40]. Canine 
rabies has also been largely eliminated. The 
majority of the cases of canine rabies transmitted 
to humans occur in poor neighborhoods in Haiti 
and Bolivia [37].

The highest prevalence NTDs, including 
hookworm and the other soil-transmitted hel-
minths, Chagas disease, dengue, and leishmani-
asis, in addition to schistosomiasis in Brazil, will 
not be eliminated solely by relying on existing 
technologies, even though some progress has 
been achieved with MDA with albendazole/
mebendazole and praziquantel (for soil-transmit-
ted helminths and schistosomiasis, respectively) 
and integrated vector management for Chagas 
disease, dengue, and leishmaniasis [38]. In the 
case of hookworm, high rates of mebendazole 
drug failure and post-treatment reinfection have 
been reported, and although repeated MDA tar-
geting children may have an impact on reducing 
the transmission of ascariasis and trichuriasis, it 
is not expected to have an impact on hookworm 
infection because of hookworm’s unique trans-
mission dynamics among adults [41]. Similarly, 
integrated vector management has so far been 
successful for eliminating Chagas disease only 
in the southern Cone of South America (Bra-
zil, Chile, Uruguay), whereas elsewhere insec-
ticide resistance, reinvasion and recolonization 
of reduviid vectors after spraying have thwarted 
control efforts [42]. Therefore, a recent “auda-
cious” call to eliminate all of the 17 NTDs as 
defined by the WHO will require a new genera-
tion of technologies, especially the development 
of NTD vaccines [38].

1.5 � New ‘Anti-Poverty Vaccines’ will 
be Required

Vaccines to combat the NTD vaccines are also 
known as the ‘anti-poverty vaccines’ because 
of their potential impact on economic develop-
ment in addition to improving health [13, 43]. 

Table 1.5   Latin American and Caribbean countries that 
have successfully eliminated their neglected tropical dis-
eases as a public health problem. (Modified from [38])

Disease Countries

Chagas disease Brazil, Chile, Uruguay

Schistosomiasis Dominican Republic, Guadeloupe, 
Martinique, Puerto Rico

Lymphatic 
Filariasis

Costa Rica, Suriname, Trinidad and 
Tobago

Trachoma Mexico

Leprosy All except Brazil

Onchocerciasis Elimination pending in the six 
affected countries

P. J. Hotez et al.
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Table  1.6 lists the major anti-poverty vaccines 
under development in the Americas, which 
include new human vaccines against Trypano-
soma cruzi, dengue virus, hookworm, leishmania 
species, and schistosoma species, in addition to 
veterinary vaccines against Taenia solium and 
Fasciola hepatica (a food-borne trematode) to 
prevent transmission to humans [43]. Of these 
vaccines, only the dengue vaccine is being 
developed and produced by the multinational 
vaccine manufacturers, including three vaccines 
being developed independently by Merck & Co., 
GlaxoSmithKline, and Sanofi-Pasteur [43, 44]. 
The other anti-poverty vaccines are largely being 
developed by non-profit product development 
partnerships (PDPs) in association with develop-
ing country manufacturers [43]. One reason why 
dengue vaccine development receives investment 
from multinational pharmaceutical companies is 
the large potential commercial market for such 
a product, given that dengue affects people liv-
ing in wealthier urban centers, whereas the other 
anti-poverty vaccines target almost exclusively 
the bottom 100 million in the LAC region, and 
their counterparts in Africa and Asia [43]. There 
is some overlap, however, as a Brazilian com-
pany Ouro Fino Animal Health is developing a 
Fasciola hepatica vaccine for livestock (http://

www.veterinaryproducts1.com/supplier/ouro-
fino-animal-health.html), which could prevent 
transmission to humans, while the developing 
country manufacturer, Instituto Butantan is also 
developing its own dengue vaccine (http://www.
butantan.gov.br/home).

Today, efforts to develop and test anti-pov-
erty vaccines targeted for human disease in the 
Americas are being led by PDPs, in collaboration 
with Latin American developing country manu-
facturers [43]. Most of these manufacturers, in 
turn, are owned and operated by scientific enter-
prises directly supported by federal and state 
governments in Latin America, including FIO-
CRUZ Bio-Manguinhos (through support of the 
Brazilian Ministry of Health), Instituto Butantan 
(State of Sao Paulo, Brazil), Birmex (Laborato-
rios de Biologicos y Reactivos de Mexico, Mexi-
can Ministry of Health), and Cuba’s Instituto 
Finlay [43]. Some examples of PDP-manufacture 
collaborations are shown in Table 1.6 and include 
the non-profit Infectious Disease Research 
Institute (Seattle, Washington), which is work-
ing with Instituto Butantan for leishmaniasis 
vaccine development, while the Sabin Vaccine 
Institute PDP (Houston, Texas and Washington, 
DC) is working with FIOCRUZ, (together with 
the US-based Aeras and Fraunhofer Center for 

Table 1.6   Vaccines under development for Latin America’s neglected tropical diseases. (Modified from [43])

Disease Type of vaccine under 
development

Stage of 
development

Organization leading vac-
cine development efforts

Industrial partners

Chagas disease Human therapeutic 
vaccine

Preclinical Sabin Vaccine Institute 
PDP (Chagas Vaccine 
Initiative)

Birmex and 
CINVESTAV

Cysticercosis Veterinary vaccine Animal trials Universidad Nacional 
Autonoma de Mexico

Pending

Dengue Human preventive 
vaccine

Phase 1 and 2 GSK, Merck & Co., 
Sanofi-Pasteur, Instituto 
Butanan

GSK, Merck & Co., 
Sanofi-Pasteur, Insti-
tuto Butanan

Foodborne trema-
tode infections

Veterinary vaccine Animal trials FIOCRUZ (Oswaldo Cruz 
Foundation)

Ouro Fino

Hookworm 
infection

Human preventive 
vaccine

Phase 1 Sabin Vaccine Institute 
PDP (Human Hookworm 
Vaccine Initiative)

FIOCRUZ-Bio-
manguinhos; Aeras, 
Fraunhofer CMB

Leishmaniasis Human preventive, ther-
apeutic, and veterinary

Phase 1 and 2 
and animal trials

Infectious Diseases 
Research Institute (IDRI)

Instituto Butantan

Schistosomiasis Human preventive 
vaccine

cGMP 
manufacture*

Sabin Vaccine Institute 
PDP (Schistosomiasis Vac-
cine Initiative), FIOCRUZ

Aeras, Instituto 
Butantan, Ouro Fino

* cGMP current good manufacturing practices
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Molecular Biolotechnology) to develop a human 
hookworm vaccine, and with CINVESTAV (Cen-
tro de Investigacion y de Estudios Avanzados 
del Instituto Politecnico Nacional (Center for 
Research and Advanced Studies)) and Birmex for 
a Chagas disease vaccine. Each of these vaccines 
is either at the stage of pilot manufacture under 
cGMP (current good manufacturing practices) or 
in early clinical development [43].

1.6 � Hookworm and Chagas Disease 
Vaccines

Progress in the development of a vaccine against 
hookworm was reviewed recently [45]. In brief, 
the human hookworm vaccine is a bivalent vac-
cine comprised of two recombinant antigens, 
which are parasitic enzymes involved in blood 
feeding [45]. The vaccine targets the adult stages 
of N. americanus, the most common hookworm 
worldwide and almost the exclusive hookworm 
in the LAC region. One of the antigens is a 
recombinant N. americanus glutathione S-trans-
ferase ( Na-GST-1) expressed in yeast, an enzyme 
required by the parasite for heme binding and 
heme detoxification. The other is a recombinant 
N. americanus aspartic protease ( Na-APR-1) 
expressed in plants, an enzyme required for 
hemoglobin degradation. Both recombinant anti-
gens induce high levels of IgG antibody and have 
demonstrated protective immunity in laboratory 
animals, with reduced host worm burden and/
or blood loss [45]. The recombinant proteins 
have completed pilot cGMP manufacture, and 
Na-GST-1 has entered phase 1 clinical testing. 
Ultimately both antigens would be formulated on 
alum and possibly combined with a second adju-
vant such as a synthetic lipid A [45]. The target 
product profile of the human hookworm vaccine 
relies on its use to prevent moderate and heavy 
N. americanus infections in children under the 
age of 10 years [45]. The vaccine may be incor-
porated into the Expanded Program on Immuni-
zation (EPI) in order to be co-administered with 
measles and other childhood vaccines to infants 
(children under the age of one), or it may be co-
administered with a single dose of anthelmin-

thic drug in older children already infected with 
hookworm. The desired efficacy of the human 
hookworm vaccine is at least 80 % against mod-
erate and heavy hookworm infections for at least 
5 years after immunization [45]. The cost-effec-
tiveness of such a vaccine was recently confirmed 
under a number of different scenarios [46].

Progress on the development of a vaccine for 
Chagas disease has also been reviewed recently 
[47]. Unlike the human hookworm vaccine, 
which is a primarily preventive vaccine, the Cha-
gas vaccine is being proposed as a therapeutic 
vaccine for the treatment of individuals who have 
been infected with T. cruzi and have serocon-
verted. In such individuals, who have so-called 
“indeterminate” status (with no clinical, elec-
trocardiographical or radiological evidence of 
disease), approximately 20–30  % subsequently 
develop Chagasic cardiomyopathy [48]. There 
is an urgent need for new therapeutic approaches 
for these patients, especially in order to eradi-
cate T. cruzi parasites in the myocardium that are 
responsible for progression to cardiomyopathy 
and heart failure. A recent meta-analysis of the 
two currently available drugs benznidazole and 
nifurtimox concluded that their efficacy in late 
chronic infection is doubtful and does not result 
in seroreversion [49, 50], although a larger ran-
domized placebo-controlled study is in progress 
[51]. Moreover, prolonged treatment courses 
lasting 2–3 months are required and result in seri-
ous side effects in up to one-half of the patients, 
with 10–20 % discontinuing therapy as a result 
[52, 53]. The drugs are also contraindicated in 
pregnancy and are extremely expensive to pur-
chase and administer [54].

The target groups for this therapeutic vac-
cine are adults, particularly pregnant women to 
improve birth outcomes and prevent congenital 
infection, and children over the age of two, in 
Chagas disease-endemic areas. The vaccine is 
under development by the Sabin Vaccine Insti-
tute PDP and the Texas Children’s Center for 
Vaccine Development in collaboration with the 
US National Institutes of Health and three Mexi-
can institutions, the Autonomous University of 
Yucatan (UADY), CINVESTAV, and Birmex 
(Mexico’s public sector vaccine manufacturer). 
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The bivalent vaccine is comprised of two T. cruzi 
recombinant proteins formulated on alum. One of 
the antigens is a unique T. cruzi 24 kDa antigen 
(Tc24) and the other belongs to a family of T. cruzi 
surface transialidases (TSA-1). Proof of con-
cept for the protective effect of these antigens is 
based on experimental immunizations in T. cruzi-
infected laboratory animals, together with iden-
tifiable mechanisms of protective immunity [47, 
55–58]. In acutely and chronically-infected mice 
the combined antigens produced significantly  
reduced parasitemia and myocardial inflamma-
tion compared to controls [58]. Because protec-
tion requires the stimulation of CD8+ T cells and 
production of interferon gamma [58], the vaccine 
incorporates a second adjuvant comprised of a 
synthetic lipid A. The requirement for this second 
adjuvant will be determined pending preclinical 
studies and early clinical trials.

Ascertaining the feasibility of expression of 
Tc24 and TSA-1 as soluble recombinant proteins 
for the purpose of process development, scale-
up and current Good Manufacturing Practices 
(cGMP) manufacture is currently in progress. It 
is expected that during process development and 
scale-up, studies to evaluate protein attributes 
and stability will be established. In addition, for-
mulation studies with alum and other adjuvants 
will be performed. Ultimately, the ability of these 
formulations to protect mice from acute and 
chronic T. cruzi infections will be confirmed.

It is anticipated that successfully eliciting Th1 
immune responses will be a key to human thera-
peutic vaccination against Chagas disease [47, 
55–58]. Th1-type immune responses are charac-
terized by the generation of CD8+ T cells, which 
can target intracellular pathogens [55–58]. While 
several purified recombinant protein vaccines 
are in clinical development, they are limited by 
poor immunogenicity and inadequate stimula-
tion of Th1 immunity [59, 60]. Particulate-based 
systems can increase the delivery of antigens to 
antigen-presenting dendritic cells, while simul-
taneously maintaining antigen integrity [60]. 
Equally important, particulate systems can co-
deliver immunopotentiating agents and activate 
CD8+ cells. Using this strategy, the two recom-

binant T. cruzi antigens under development will 
be encapsulated in nanoparticles that will also 
contain an adjuvant molecule such as the TLR3 
agonist poly(I:C). It has been previously shown 
that ovalbumin formulated in this manner elicits 
antigen-specific CD8+ T cell responses in vitro 
that greatly exceed those produced either by the 
antigen alone or antigen encapsulated without 
the TLR3 agonist [61]. We will therefore attempt 
to simultaneously develop the Chagas disease 
vaccine as a nanoparticle vaccine using these 
technologies, and evaluate it in an experimental 
therapeutic mouse model for T. cruzi infection. 
An alternate delivery system under consideration 
is a viscous polysaccharide solution, which forms 
an extracellular antigen depot at the injection site 
[62]. Still another option is to examine viral vec-
tors and heterologous prime-boost approaches. 
This approach has been successful for other 
systems requiring induction of Th1-type immu-
nity [63–65].

1.7 � Concluding Statement

While estimates indicate that less than US$200 
million will be required to eliminate lymphatic 
filariasis, onchocerciasis, and trachoma from the 
Americas, there are still the added costs of con-
tinuing control efforts with MDA for other NTDs 
(with costs possibly exceeding US$300 million) 
[37], in addition to the costs of integrated vec-
tor management and the estimated US$1.2 bil-
lion required annually for Chagas disease alone, 
presumably much of which is treatment costs 
[66] In addition to jumping the scientific hurdles, 
the challenge of vaccine development includes 
demonstration of cost effectiveness, and this has 
now been shown for both human hookworm and 
Chagas disease vaccines [46, 66]. These two vac-
cines, in addition to vaccines to prevent leish-
maniasis, schistosomiasis, and dengue, represent 
urgently needed control measures for a full scale 
elimination effort for all of the major NTDs in the 
Americas. Such activities in the Western Hemi-
sphere are part of a larger “audacious goal” for 
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elimination of all of the 17 NTDs as the most 
common infections of the world’s poor and 
legacies of neglect, ignorance, and slavery [38]. 
Thus, an opportunity is now in hand for the major 
PDPs, research institutes and developing coun-
try manufacturers in the LAC region, together 
with the major development banks and PAHO to 
draft an elimination strategy for the NTDs in the 
Americas.
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Abstract

Non-typhoidal Salmonellae (NTS) are an important cause of infectious 
diarrhoea world-wide. In the absence of immune deficiency, gastroenteri-
tis caused by NTS is usually mild, self limiting and rarely requires inter-
vention. NTS are also an important cause of invasive disease, particularly 
in developing countries, likely secondary to the high prevalence of co-
existing malnutrition, malaria and HIV infection. This review provides an 
overview of the microbiology, epidemiology and pathogenesis of NTS, 
and compares recommendations for the treatment of NTS gastroenteritis 
in children.

the high prevalence of co-existing malnutrition, 
malaria and HIV infection. Antibiotic treatment 
of NTS gastroenteritis has been the subject of a 
meta-analysis, but questions regarding exactly 
which patients should be treated and the optimal 
regimen remain unanswered. This review pro-
vides an overview of the microbiology, epidemi-
ology and pathogenesis of NTS, and compares 
recommendations for the treatment of NTS gas-
troenteritis in children.

2.2 � Classification and Microbiology

The genus Salmonella belongs to the family of 
Enterobacteraciae. Salmonella are separated 
into two species, Salmonella enterica and Sal-
monella bongori (previously classified as subsp. 
V.), with the former being further classified into 
six subspecies (I, S. enterica subsp. enterica; II, 
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2.1 � Introduction

Non-typhoidal Salmonellae (NTS) are an impor-
tant cause of infectious diarrhoea world-wide. In 
the absence of immune deficiency, gastroenteri-
tis caused by NTS is usually mild, self limiting 
and rarely requires intervention. NTS are also 
an important cause of invasive disease, particu-
larly in developing countries, likely secondary to 


