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Soil-transmitted helminthiasis in Latin America and the
Caribbean: modelling the determinants, prevalence, population
at risk and costs of control at sub-national level
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Abstract. We present an example of a tool for quantifying the burden, the population in need of intervention and resources
need to contribute for the control of soil-transmitted helminth (STH) infection at multiple administrative levels for the region
of Latin America and the Caribbean (LAC). The tool relies on published STH prevalence data along with data on the dis-
tribution of several STH transmission determinants for 12,273 sub-national administrative units in 22 LAC countries taken
from national censuses. Data on these determinants was aggregated into a single risk index based on a conceptual frame-
work and the statistical significance of the association between this index and the STH prevalence indicators was tested using
simple linear regression. The coefficient and constant from the output of this regression was then put into a regression for-
mula that was applied to the risk index values for all of the administrative units in order to model the estimated prevalence
of each STH species. We then combine these estimates with population data, treatment thresholds and unit cost data to cal-
culate total control costs. The model predicts an annual cost for the procurement of preventive chemotherapy of around US$
1.7 million and a total cost of US$ 47 million for implementing a comprehensive STH control programme targeting an esti-
mated 78.7 million school-aged children according to the WHO guidelines throughout the entirety of the countries includ-
ed in the study. Considerable savings to this cost could potentially be made by embedding STH control interventions with-
in existing health programmes and systems. A study of this scope is prone to many limitations which restrict the interpreta-
tion of the results and the uses to which its findings may be put. We discuss several of these limitations.
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Introduction nated soil or, for hookworm infections, when larval
forms penetrate the naked feet from the ground below.
Rural conditions of poor sanitation where there is a

lack of safe water and inadequate disposal of human

Soil-transmitted helminthiasis (STH), is the most
prevalent of the so-called “Neglected Infectious

Diseases” (NIDs), a group of conditions which dispro-
portionately affect poor and marginalized groups,
leading to a high burden of morbidity and exacerbat-
ing inequalities. The infectious agents are certain
species of parasitic worms-helminths, notably Ascaris
lumbricoides, Trichuris trichiura and the hookworms
(Ancylostoma duodenale and Necator americanus)
that inhabit the gastrointestinal tract where they sur-
vive for up to four years producing many thousands of
eggs per day that are passed by the host in the faeces
and may survive in the external environment, remain-
ing viable for several years (Hotez et al. 2006).”
Infection occurs when fertile eggs are ingested from
contaminated water or vegetables grown in contami-
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excreta therefore sustain transmission of the STH.
Other determinants include age (intensity of infection
usually peaks in childhood), lack of education, poor
living conditions, living in a wet, tropical climate and
being involved in agricultural activities (Smith et al.,
2001). These infections rarely cause death but their
public health consequences are manifest in the chron-
ic, insidious effects that the condition has such as mal-
nutrition, anaemia, impeded growth and increased
susceptibility to other infections (Montresor et al.,
1998). The STH account for 13.8% of the combined
burden of the NTDs in terms of disability-adjusted life
years (DALYs), as described by Murray and Lopez
(1997) and 7% in terms of mortality in Latin America
and the Caribbean (LAC), the second highest of those
diseases after Chagas’ disease (Bitran et al., 2009).

In both pre-school (1-4 years) and school-aged (5-14
years) children, the age-groups most at risk, STH
infection stunts physical growth and impairs the devel-
opment of cognitive function, hampering performance
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and attendance within the education system and ulti-
mately hindering economic development (Montresor
et al., 1998; Smith et al., 2001; Hotez et al., 2006).
Social absenteeism, decreased worker-productivity,
low self esteem and social exclusion are among the
longer-term consequences (WHO, 2006). The recom-
mended control strategy is a population-based
approach whereby all members of a target population
receive treatment with anthelminthic drugs, usually
albendazole or mebendazole, regardless of infection
status. This kind of preventive chemotherapy (PCT),
known as mass drug administration (MDA), can be
rolled out cheaply and it is justified as there are no
negative consequences for uninfected individuals
receiving the drug (WHO, 2006)!. However, an inte-
grated approach tackling determinants like water and
sanitation access is necessary for achieving and sus-
taining control goals.

There are not enough data available on STH preva-
lence at sub-national level in LAC. There is a need for
statistical and geospatial tools that can accurately
characterise the size and spatial distribution of the
population-at-risk of STH infection, including stratifi-
cation of areas by infection risk, in order to implement
cost-effective control measures on a large scale
(Brooker and Michael, 2000; Brooker et al., 2006).
Increasingly, geographical information systems (GIS)
are being employed to understand, model and predict
the distribution and trends of infectious diseases in
general and helminthiases in particular, to serve as
inputs for programmatic decision-making (Brooker et
al., 2003, 2006; Brooker, 2007; Sturrock et al., 2009;
Zhou et al., 2009). Furthermore, several attempts
have been made to quantify the burden?, the popula-
tion in need of MDAS3 and the resource needs for the
control* of STH at the global, regional, national and
sub-national levels. To our knowledge, no tool exists
that can estimate issues things at multiple levels. We
present an example of such a tool for LAC that uses
published STH prevalence data along with data on the
distribution of several transmission determinants. In
an attempt to provide inputs for programmatic deci-
sion-making, the specific aims of the study were to:
(i) compile a database of indicators of socio-eco-

nomic determinants of STH transmission for the
second-level administrative units (municipalities)
in the countries of the LAC region;

(i) construct an aggregate index of STH risk based
on the statistical association of these indicators
with published STH prevalence estimates and
their relative proximity as determinants;

(iii) apply a regression model to the index to predict
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the prevalence of STH for every second-level
administrative unit in every country in LAC for
which data are available; and

(iv) estimate the number of cases of STH in children
and the number of rounds of MDA, the number
of doses of albendazole’
resources for purchasing and delivering drugs that
would be required to treat all the children accord-
ing to the WHO guidelines.

and the financial

Materials and methods
Indicators of determinants of STH transmission

We compiled a list of what might be called “socio-
economic determinants” of STH transmission, that is to
say, factors related to individual living conditions and
socio-economic circumstances that are independent of
environmental or ecological factors but known to be
determinants of specific individual’s risk of being infect-
ed with STH. The following factors were selected:

(i) living in a house that has dirt or earth floors
(Gamboa et al., 1998; Morales-Espinoza et al.,
2003; Cattaneo et al., 2007);

(i1) lack of educations;

(iii) crowded living conditions’;

(iv) lack of access to safe drinking waters;

(v) lack of access to sanitation facilities®; and

(vi) poverty!0.

Next, a review of data sources was conducted to
identify indicators for each of these determinants that
are available for second-level administrative units of
countries in the LAC region. Most of the countries of
this region make available online detailed census data
relating to various aspects of their populations and
households that can be disaggregated to sub-national
levels. Therefore these data were consulted for infor-
mation relating to STH determinants. Several impor-
tant countries did not have census data publicly avail-
able at sub-national levels (notably Haiti, Jamaica and
Cuba). These countries were therefore excluded from
the study as were the smaller countries of the
Caribbean as they are not classified as STH endemic
countries. For the remaining, the following informa-
tion was gathered:

Living in a house that has dirt or earth floors

Almost all of the countries for which data was avail-
able included in their census some kind of question
about the principal material used in the construction of
the floors of the respondent’s dwelling and had “earth”
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or “dirt” (“tierra” in Spanish) as one of the possible
responses. The notable exceptions to this were Brazil,
Guyana, Suriname and Uruguay whose published cen-
sus data did not contain information on floor material.

Lack of education

Several indicators were considered for inclusion
(including the adult literacy rate) but many were found
not to be available for every country. The variable that
was available for the most countries was the propor-
tion of the population aged =15 years with no second-
ary education (no schooling above primary level), so
this was selected as a proxy for lack of education.

Overcrowded living conditions

The measure that was chosen as an indicator here
was the average number of residents per household, an
indicator often referred to in the literature as the
“average household size”. This is a fairly crude meas-
ure and one can think of many biases and other prob-
lems that might affect it. More sophisticated indicators
are available (e.g. the proportion of households with
=x number of residents per bedroom) but the data nec-
essary to calculate these were not available for many
of the countries in the study, whereas the average res-
idents per household requires only very basic data that
is available for all the countries at sub-national level.

Lack of access to safe drinking water

The categories of water sources differ considerably
from country to country so a methodology was need-

'In fact, minor adverse events that have been reported but they
are temporary and mainly occur in infected individuals in the
first round of treatment as a result of the body’s response to the
dying of the worm.

*de Silva and others apply a methodology (originally employed by
Chan and colleagues) that relies on the observed relationships
between prevalence and intensity of infection to national level
prevalence estimates, which represent the averages of preva-
lences obtained from individual studies in each country based on
a literature search (Chan et al., 1994; de Silva et al., 2003). The
Pan American Health Organization (PAHO) present information
from the same database of STH prevalence estimates as used in
this study, but analyse it only at the country level (PAHO, 2009).
’The World Health Organization (WHO) applies a new algo-
rithm to national level epidemiological, demographic, sanita-
tion and ecological data in order to estimate the number of chil-
dren requiring PCT for STH and then sum these and present
them at national and global level (WHO, 2011).

‘Bitran and others calculate the costs associated with the control
and elimination of the neglected tropical diseases (NTDs) in
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ed to standardise the classification of sources into
“safe” and “unsafe”. The website of the
WHO/UNICEF Joint Monitoring Programme (JMP)
for Water Supply and Sanitation (2003, 2010) gives
definitions of “improved” and “unimproved” sources
of drinking water as well as reports for each country
summarising the sources of data on water coverage
(including censuses) and specifying how the national-
level coverage rates were calculated based on the vari-
able categories used. By applying the same methodol-
ogy to the individual administrative units that the
JMP applies at the national level, it was possible to
calculate the proportion of households lacking access
to improved drinking water sources at the sub-nation-
al levels. In some cases, it was necessary to adjust the
figures in order to take into account, for example, the
proportion of traditional wells that are “improved”.
In other cases, it was necessary to disaggregate the
data according to whether the administrative unit is
urban or rural as the proportions differ according to
area of residence.

Lack of access to sanitation facilities

Almost all of the national censuses analysed had col-
lected data on the household facilities for collecting
and disposing of human excreta and waste waters.
The JMP sanitation country reports specify, for each
country and data source, how the variable categories
translate into “improved” and “unimproved” sanita-
tion facilities. This methodology was employed by this
study to calculate the proportion of households lack-
ing access to improved sanitation facilities at the sec-
ond level of administrative division.

LAC, including STH (Bitran et al., 2009).

’In this analysis we consider only albendazole and not other anti-
helminthic drugs because this is the drug that most countries in
LAC report using in their STH programs and the one for which
the best unit cost data is available.

Children with less educated mothers (Quihui et al., 2006), par-
ents or guardians (Maia et al., 2009; Hui, 2011) found that
STH infection rate decreased alongside increases in health
knowledge following education interventions.

"Household size (Asaolu et al., 1992), family size (Al-Mekhlafi
et al., 2007), overcrowding (Brooker et al., 2006).

fLack of access to safe drinking water (Gamboa et al., 1998;
Morales-Espinoza et al., 2003; Brooker et al., 2006; Hotez et
al., 2006); using untreated water supply (Ahmed et al., 2011).

°A systematic review and meta-analysis revealed that sanitation
is associated with a reduced risk of transmission of STH
(Ziegelbauer et al., 2012).

“Low household income (Quihui et al., 2006; Al-Mekhlafi et al.,
2007), socio-economic status (Brooker et al., 2006), wealth
(Balen et al., 2011).
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Table 1. Meta-data on sources, level of administrative division and availability of five socio-economic determinant indicators by country.

) &
4 <
3 o % 8
— R = 9]
g .. . . = e o} 9
Country Data source Year 5 Administrative unit g 5§ = 3 &g
g S &8 8 .2
g S 0§ 8 5 &
Q2 = = g 5 g
3 g 8 6 B &
Argentina National census of populations and 2001 2" Department v v v v v
households
Belize Housing and population census 2000 1+ District v v v v v
Bolivia Census of population and households 2001 2™ Province v o(vp v v v
Brazil Demographic census 2000 2™ Municipality v (v v v v
Chile Census of population and households 2002 2™ Province v v v v v
Colombia General census 2005 2™ Municipality v v v v v
Costa Rica National census of population and 2001 2 Canton v v v v v
households
Cuba - - - - - - - - -
Dominican Republic 7* National census of population 2002 2 Municipality or municipal district v v v vV
and households
Ecuador 6" Population census and 5% of 2001 2 Canton v v v v v
households
El Salvador 6" Population census and 5% of 2007 2™ Municipality v v v v v
households
Guatemala 11* National population census and 2002 2* Municipality v v v v v
6" of households
Guyana Population and housing census 2002 1* Region - v v v v
Haiti - - - - - - - - -
Honduras 16" Population census and 5* of 2001 2™ Municipality v v v v v
households
Jamaica - - - - - - - - -
Mexico Census of population and households 2000 2™ Municipality v v v v v
Nicaragua 84 Census of population and 4® of 2005 2™ Municipality v v v v v
households
Panama Census of population and households 2000 2™ District v v v v v
Paraguay National census of population and 2002 2™ District v v v v v
households
Peru Census of population and households 2007 2™ Province v v v v v
Suriname The 7 Population and housing census 2004 2" Resort - v o v o (vyr Vv
Trinidad & Tobago Housing and population census 2000 2" Regional corporations - v v v v
or municipalities
Uruguay Census phase 1 2004 1+ - - - v - -
Venezuela Census of population and households 2001 2™ Municipality or municipal district v* v v vV

“Data for Bolivia was only available from 10-year-age groups so the education variable applies to the population aged =20 years,
rather than from 15 years upwards;

*Proportion of the population aged =15 that have 7 years of education or fewer;

‘Proportion of households “with tap-number 1, 2” (“Woonverblijven met leidingwater 1,2 —aantal”).
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Poverty

Several countries make data available on indicators of
poverty at sub-national level either as a predefined indi-
cator as part of their reporting of census data (if they are
derived from this source) or on the website of their
respective statistical authorities. In some cases, the
human development index (HDI) was available at this
level, while in others, indicators based on some definition
of unsatisfied basic needs had been calculated. However,
this was by no means the case for all the countries and in
those cases where an indicator of poverty was available,
it usually incorporated some aspect of the other indica-
tors of determinants already considered in this study with
respect to its calculation. We therefore decided that indi-
cators of poverty would not be included in the analysis.

Table 1 presents the source and year of the data for
each major country in LAC, whether each of the five
risk-factor indicators was available at the sub-national
level and, if so, at what level. The results of this review
was a database of 12,273 sub-national administrative
units (most at the second level, but some at the first —
for brevity these units are referred to as “municipali-
ties” even if by no means every country uses the
Spanish term “municipio”) in 22 LAC countries which
provided the following information for each unit:

(i) earth floors: the proportion of households with
floors made only of earth or dirt;

(ii) education: the proportion of the population =15
years with no secondary education;

(iii) overcrowding: the average number of residents
per household;

(iv) lack of water: the proportion of households that
lack improved drinking-water sources; and

(v) lack of sanitation: the proportion of households
that lack improved sanitation facilities.

Table 2 summarises key features of these five indica-
tors. Importantly, four of the indicators are propor-
tions, while just one (overcrowding) is a continuous
variable. This was to have important consequences
when it came to assigning weights to the variables.

Table 2. Summary of indicators of selected determinants.
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STH prevalence data

The Pan American Health Organization (PAHO)
has compiled a database based on a systematic review
of estimates of prevalence and intensity of STH infec-
tions at the second-administrative level in LAC pub-
lished between 2000 and 2010. Details of the criteria
for inclusion in this database have been described else-
where (Saboyi et al., 2011). For the purposes of this
study, we further excluded all data points that did not
meet the following criteria:

(i) estimated prevalence in school-aged children (age 5-
14 years) or preschool-aged children (age 1-4 years);

(ii) estimated cumulative STH prevalence (i.e. preva-
lence of any worm infection);

(iii) estimated prevalence of any category of infection
(i.e. estimates of prevalence of only high-intensity
infections were excluded); and

(iv) pertained to countries for which there were data on
the selected determinants (data points from Haiti
and Cuba were excluded based on this criterion;
Jamaica did not meet this criterion either but was
already excluded based on the previous criteria).

Where there was more than one prevalence estimate
in the same administrative unit in different years, we
included only the most recent estimate. Where there
was more than one estimate in the same unit in the same
year, we took the mean of the values. In the case of
Belize, the prevalence data were estimated at the first
administrative level (the district) but the determinants
applied to the second level (the village or town). We
therefore summed the indicators up to the level of the
district, which was justified by the fact that the Belize
districts are of similar geographical and population size
to many second-level administrative units in other coun-
tries. The resulting indicators are described in Table 2.

Conceptual framework
Fig. 1 shows a simplified, conceptual, hierarchical

framework for determinants of STH transmission. It is
important to take into account the relative proximity

Indicator Type of variable Observations Mean devsi;atril(;ir?r((;D) Minimum Maximum
Earth floors Proportion 6,654 21.5% 0.21 0.0% 98.0%
Education Proportion 12,250 70.0% 0.16 0.0% 100.0%
Overcrowding Continuous 12,271 0.63 2.5 9.4
Lack of water Proportion 12,252 16.4% 0.16 0.0% 100.0%
Lack of sanitation Proportion 12,190 33.5% 0.25 0.0% 100.0%
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Poor living
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enrollment

High average household
overcrowding

Fig. 1. Simplified conceptual hierarchical framework for determinants of STH infection.

of these determinants to the outcome in the analysis of
the association of multiple variables on a health out-
come. According to the framework proposed, lack of
water and sanitation and earth floors impact very
directly on the STH risk so they are classified as proxi-
mate determinants, while overcrowding is a more distal
determinant and lack of education more distal still. This
is because these factors act through a number of inter-
related causal pathways, a chain of more proximate
determinants that it is not possible to measure in this
analysis (Victora et al., 1997). Proximity in this frame-
work will be taken into account when aggregating the
indicators into a single STH risk index. The more distal
the determinant, the less weight its corresponding indi-
cator will be assigned in contributing to the index.

Geographical distribution of determinants of STH
transmission

In Figs. 2-5, the distribution of each of the five vari-
ables at the sub-national level (second-level of admin-
istrative division) have been mapped onto four sub-
regions of LAC. The colour-scales have been divided
into 20% increments with the exception of the educa-
tion variable — which had a higher distribution and
was therefore divided at the 60% level and then at
10% increments — and the overcrowding variable,
which is not a proportion but a continuous variable

and was therefore divided at 3.5 and then at incre-
ments of 0.5.

The Southern Cone countries

What is immediately obvious from the maps of the
Southern cone countries of Uruguay (for which only
data on overcrowding were available), Argentina,
Chile and Paraguay, is that for nearly all the indica-
tors, it’s possible to discern a gradient. This runs from
the South and middle of Argentina, where the selected
determinants have a low prevalence, up to the Gran
Chaco region of northern Argentina and Paraguay,
confirming that in these remote regions, housing con-
ditions and access to services are poorer. However, this
pattern is much less evident in the map of the educa-
tion variable which shows a focus of low secondary
education coverage in the centre of Argentina.
Affluent Chile appears to have high access to water
and sanitation and low levels of earth floors through-
out its territory.

The Andean Countries

The distribution of selected determinants in Bolivia,
Colombia, Ecuador and Peru show a mixed pattern.
Earth floors and lack of education appears to trace a
long strip of high rates along the length of the Andes
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Fig. 2a-e. Distribution of indicators of earth floors (a); lack of education (b); overcrowding (average residents per household) (c);
water supply (d); and sanitation (e) at sub-national level in the countries of the Southern Cone.

Fig. 3a-e. Distribution of indicators of earth floors (a); lack of education (b); overcrowding (average residents per household) (c);
water supply (d); and sanitation (e) at sub-national level in the Andean countries.
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Fig. 4a-e. Distribution of indicators of earth floors (a); lack of education (b); overcrowding (average residents per household) (c);
water supply (d); and sanitation (e) at sub-national level in Brazil, Venezuela and the non-Latin Caribbean countries.

Fig. 5a-e. Distribution of indicators of earth floors (a); lack of education (b); overcrowding (average residents per household) (c);
water supply (d); and sanitation (e) at sub-national level in the Central American countries, Mexico and the Dominican Republic.
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mountain range with slightly lower rates along the
coast and in the Eastern, sylvatic interior (with the
exceptions of some pockets of high rates on the
Caribbean coast of Colombia). Average residents per
household, on the other hand, seems to run from low
to high as one goes from West to East, with the excep-
tion of Colombia, which also has high rates along its
coasts. The pattern of distribution for the water and
sanitation variables is less obvious but seems to lie
somewhere between these two patterns.

The Atlantic Countries

There is a long swathe of what we will call the Atlantic
countries!! — Brazil, Guyana, Suriname, Trinidad and
Tobago (scarcely visible on these maps) and Venezuela —
for which no data on floor material were available.
However, for the other variables, to varying degrees, a
pattern is discernible by which the determinants appear
highest in the equatorial regions of Brazil and Venezuela
and lowest in the more densely populated and urbanised
areas of southern Brazil (particularly in the state of Sdo
Paolo) and, at least for the water and sanitation vari-
ables, coastal Venezuela. Again, this pattern is least stark
for the education variable.

The Mesoamerican countries

For Central America, Mexico and the Dominican
Republic, there is a fairly uniform pattern in the distri-
bution of all the indicators, albeit with some minor vari-
ations between them. In Mexico there are two foci of
high levels of the selected determinants along the Sierra
Madre Occidental with more widespread high preva-
lence in the impoverished Southern states, particularly
Guerrero, Oaxaca and Chiapas. However, even in the
poorest states of Mexico, the levels of the determinants
do not appear as pronounced as they do throughout
Central America with the notable exception of the rela-
tively affluent Costa Rica (and, for some indicators,

"This is a term employed solely for the purposes of this study
and does not reflect the country categorization used by either
of the institutions with which the authors are affiliated.

Table 3. Summary of STH prevalence indicators.
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Belize). This difference is most marked for the education
and overcrowding variables and least so for access to
water. Panama has low levels of determinants in the
centre of the country with much higher rates in its east-
ern and westernmost extremities (particularly in its
indigenous Comarcas). There is no obvious pattern dis-
cernible in the distribution of determinants in the
Dominican Republic.

Geographical distribution of STH prevalence data
points

Figs. 6a and 6b show the geographical locations of
the data points that make up the two STH prevalence
variables. The size of the bar corresponds to the level of
prevalence recorded in that location. They illustrate the
fact that far fewer estimates of STH prevalence have
been taken for preschool-aged children (pre-SAC) than
for school-aged children (SAC) Furthermore, almost
half of the estimates in pre-SAC come from Brazil and
of these, the majority are from the coastal states of the
South and show considerable variation in prevalence
levels. There are data points for pre-SAC from just 10
of the 22 countries included in the study.

The estimates for prevalence in SAC are far more
numerous and consequently more representative of the
region as a whole. The variable contains estimates from
14 of the countries included in the study but no esti-
mates were available from Chile, Uruguay, Guyana,
Suriname, the Dominican Republic, El Salvador,
Panama and Trinidad and Tobago. A little over a third
of the total data points are from Brazil and almost half
of these are from one state (Minas Gerais). There is a
dense cluster of high prevalence estimates coming from
Central America, specifically Honduras, from which a
disproportionate 33 estimates were taken. The two
clusters of higher prevalence estimates in Mexico are
from the states of Sinaloa and Oaxaca. Nineteen
municipalities had estimates for both age groups

Results of the bi-variate analysis
Simple linear regressions, run in STATA (version 11,

Statacorp College Station, Texas) to test the association
between each of the five selected determinants and the

Standard

Indicator Type of variable Observations Mean deviation (SD) Minimum Maximum
Prevalence estimated in SAC Proportion 142 33.9% 0.24 1.0% 85.0%
Prevalence estimated in pre-SAC Proportion 33 22.4% 0.24 0.0% 80.0%

SAC, school-aged children; pre-SAC, preschool-aged children
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Fig. 6. Geographical location of the STH prevalence estimates included in this study for preschool-aged children (a) and school-aged

children (b).

two prevalence variables, resulted in P-values for each
of these associations which are shown in Table 4. As is
to be expected, the association between the two preva-
lence variables was highly significant. Furthermore,
each of the five variables for the selected determinants
were highly significantly associated with each other,
lending credibility to the conceptual framework illus-
trated in Fig. 1, which states that poverty is an underly-
ing determinant of each of the latent variables for which
these indicators are proxies. The indicator of prevalence
in pre-SAC did not show a statistically significant asso-
ciation with any of the variables for determinants. This
is most likely explained by the fact that this variable had
so few observations — just 33. The indicator of preva-
lence in SAC was associated with the variables for edu-

cation, overcrowding and sanitation coverage to a high
degree of statistical significance. The association was far
less strong (though still just significant at the 5% level)
for earth floors and for water coverage. In the case of
earth floors, this is most likely due to the fact that there
was no data on this variable for Brazil, by far the largest
country in LAC which accounted for almost half
(5,507) of the municipalities in the data set and almost
a third of the data points for the prevalence variable. In
the case of the water coverage variable, the lack of asso-
ciation is harder to explain.

On the basis of these regression results, three vari-
ables were subsequently removed from the analysis:
STH prevalence in pre-SAC, earth floors and water
coverage. In the next stage of the analysis, the remain-

Table 4. P-values for associations between the determinants and prevalence indicators tested by simple linear regression.

Indicator Type of variable Observations Mean devsi‘;ril(()jr?r(%D) Minimum Maximum
Prevalence estimated in pre-SAC <0.001 0.114 0.200 0.175 0.135 0.198
Earth floors 0.040 <0.001 <0.001 <0.001 <0.001

Education <0.001 <0.001 <0.001 <0.001

Overcrowding <0.001 <0.001 <0.001

Water 0.024 <0.001

Sanitation <0.001
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Table 5. Weights applied to indicators in aggregating the risk
index.

Indicator Weight
Overcrowding 0.067
Lack of education 0.1
Sanitation 0.2

ing variables for the determinants were aggregated
into a single index in order to capture as much as pos-
sible of the socio-economic determinants that deter-
mine the risk of STH infection. However, not all of the
determinants can count equally towards this index,
because they contribute in different degrees towards
the outcome — some factors are more proximate than
others. Therefore, the determinants needed to con-
tribute to the aggregate indicator in a way that is pro-
portional to their relative proximity within the con-
ceptual framework. Sanitation access needed to be
given a greater weight than lack of education which in
turn should have a greater weight than overcrowding.
An additional problem is that the overcrowding vari-
able is continuous, running from 2.57 to 9.41, while
the other two variables are proportions between 0 and
1. The overcrowding variable therefore needed to be
weighted even further so that it didn’t contribute a dis-
proportionately high amount to the final index. Table
5 shows the weights that were eventually applied to
the indicators in aggregating the final index.
Overcrowding is weighted in such a way that, though
the weight it’s assigned is lower than that for educa-
tion, once all the observations are adjusted by it, the
variable’s contribution to the final index will be
between that of sanitation coverage and that of educa-
tion. Table 6 describes the STH risk index that result-
ed from multiplying the values for the observations in
each of the three variables by their corresponding
weights and summing the results. Even though all of
its values lie between 0 and 1 it is not a proportion.
Fig. 7 shows the geographical distribution of the
STH risk index at sub-national level in LAC. What is
most striking about the map is that there are several
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Amazon basin, incorporating parts of Bolivia, Brazil,
Colombia, Ecuador and Venezuela and one in the
more remote regions of the Central American coun-
tries of Guatemala, Honduras, Nicaragua and Panama
(areas characterised by large populations of indige-
nous groups). In addition to these, there are outlying
pockets of high-risk in coastal Colombia, Andean
Ecuador, in the Gran Chaco region of eastern Bolivia
and in Paraguay. In many ways these results are unsur-
prising as they conform to what is known about the
distribution of poverty more generally in the region.
Those areas that come out as at high-risk in this model
are those that have marginalised populations that
experience a lack of access to services. This confirms
that STH is indeed a disease of poverty and it lends
credibility to the conceptual model for the analysis,
according to which, the determinants included in the
study are themselves determined by poverty.

Next the association between the STH risk index
and the observed (published) prevalence estimates was
tested using a simple linear regression in order to val-
idate the index and provide inputs for the prevalence
model. The results of this test are shown in Table 7
and show a high level of statistical significance for the
association.

Fig. 8 shows the predicted STH prevalence estimates
plotted against the corresponding value of the STH
risk index for those municipalities with the linear
regression line and upper and lower confidence inter-
vals. The distribution of the data points on this chart
do not immediately suggest a strong association and
imply that caution must be exercised when interpret-
ing the results.

Results of the prevalence model

Finally, in order to model the prevalence of STH, the
coefficient and constant from the results of the regres-
sion for the association between the STH risk index
and the published estimates was put into the regres-
sion equation, which predicted the STH prevalence y
as follows:

clear bands of high-risk municipalities — one along the y=a+ fix

Table 6. Summary of STH risk index and predicted STH prevalence variables.

Indicator Observations Mean S'tar.ldard Minimum Maximum
deviation (SD)

STH risk index 12,188 0.41 0.09 0.19 0.78

Predicted STH prevalence 12,188 32.9% 0.09 9.0% 71.9%
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Table 7. Results of simple linear regression to test the association between the aggregated STH risk index and the published STH

prevalence estimates.

Coefficient Constant
P-value R?
Value P-value Lower CI ~ Upper CI Value P-value Lower CI ~ Upper CI
<0.001 0.199 1.355 <0.001 0.900 1.809 0.046 0.391 -0.059 0.150

where a = 0.046, B = 1.355 and x = STH risk index.
This formula was applied to the value of the risk index
for each of the municipalities in the dataset in order to
derive an estimate of the STH prevalence in each one.
The resulting predicted STH prevalence variable is
described in Table 6. The frequency distribution of the
predicted STH prevalence variable for the municipali-
ties in the data set is shown in Fig. 9. The distribution
is markedly narrow and skewed very slightly towards
the higher prevalence levels. The World Health
Organization (WHO) recommends classifying com-
munities as high-risk if they have an STH prevalence
of greater than 50% and low-risk if the prevalence is
between 20% and 50% (WHO, 2007). According to

STH risk index

0.0-0,32

B 0.43- 046

0.4¢

No data

Fig. 7. Distribution of STH risk index at sub-national level in LAC.

this schema, it’s possible to see that there are relative-
ly few municipalities that would count as not being at
any level of risk according to the estimates predicted
by the model and therefore MDA would be the rec-
ommended intervention throughout virtually the
entire region. Conversely, there are relatively few
municipalities that would be classified as high-risk and
requiring two annual rounds of MDA.

In Fig. 10 the prevalence rates predicted by the
model are mapped onto the region and classified
according to the risk categories and corresponding
treatment strategies recommended by the WHO. It
shows that in every country there are municipalities
that would require MDA at least once a year, but in
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Fig. 8. Predicted STH prevalence estimates plotted against the
STH risk index with regression line and upper and lower 95%
confidence intervals (CIs).

seven countries, there are no municipalities requiring
biannual MDA (Argentina, Belize, Chile, Costa Rica,
the Dominican Republic, Guyana and Trinidad and
Tobago). Both Peru and Venezuela contain just one
such municipality each (the one in Peru is in the region
of Loreto not visible on this map), while in Mexico,
the high-risk area is confined to just one small area in
the state of Oaxaca.

Treat all SACs twice each year

0 dala
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Fig. 9. Frequency distribution of the STH prevalence predicted
by the model for the municipalities in the data set (single per-
centiles).

Estimates of requirements for MDA

The next step in the study was to estimate, given the
predicted prevalence of STH, the requirements in
terms of financial and other inputs that would be nec-
essary in order to treat the populations of the coun-
tries included in the study according to the WHO rec-
ommendations. It was possible to calculate the num-

Fig. 10. Modeled prevalence of STH classified by WHO risk categories.
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ber of MDA rounds that would be required annually
in each municipality by applying the thresholds for the
treatment categories given by the WHO to the preva-
lence rates predicted by the model. Municipalities
were treated as implementation units for MDA such
that those with a predicted prevalence of higher than
50% would require two rounds of MDA annually and
those with prevalence 20-50%, just one!2. We then
took data from the censuses on the number of SAC
(individuals aged 5-14 years) in each municipality in
the database and multiplied that by the number of
annual MDA rounds required to arrive at the num-
ber of doses of PCT required for MDA annually. We
also calculated the estimated number of cases of STH
by applying the projected prevalence rate to the num-
ber of SAC which, although not strictly relevant for
planning MDA, could be a useful figure for advoca-
cy purposes. Calculating the cost of procuring suffi-
cient albendazole for all of the MDA campaigns was
then a simple question of applying the unit cost for a
single dose to the number of PCT doses required.
Guyatt and others found that the price for a 400 mg
dose of albendazole is between US$ 0.020 and 0.037
(Guyatt, 2003). The more recent estimate of US$ 0.02
from Montresor and others (endorsed by the WHO in
its most recent deworming guidelines) is consistent
with this and with the fact that the cost of
anthelminthic drugs has declined over the period since
the Guyatt study was carried out (Montresor et al.,
2010). We therefore took the value of $ 0.02 and
applied it to the number of PCT doses required. In
addition to the cost of procuring drugs for PCT, it was
also necessary to estimate the costs of delivering the
drugs through a school-based MDA programme (i.e.
the programme costs such as training of drug distrib-

“This assumes that all no municipalities had implemented
deworming previously. In reality, if a program has implemented
deworming for more than 5 or 6 years (as is the case for
Mexico and Nicaragua, for example), then the thresholds for
implementation are different depending on the levels of preva-
lence found after deworming. The WHO guidelines also recom-
mend that, in implementation units with a prevalence of less than
20%, STH be treated on a case-by-case basis. It would therefore
be possible using this model, to calculate the number of PCT
doses that would be needed by the health system if every child
with STH were to be diagnosed and treated. However, since the
purpose of this study is to calculate the requirements for mass
drug administration, we took the decision not to include in the
calculations, PCT requirements for municipalities that do not
meet the 20% threshold for intervention with MDA. STH infec-
tions are a problem at community level rather than in individual
issue, treating individual cases cannot be expected to have an
impact in areas where it is not considered a public health pro-
blem. Furthermore, drug donation programmes at global level
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utors, equipment, staff allowances, etc.). For this we
took the average unit cost of US$ 0.58 that was used
by Bitran and others in a previously published costing
study (a figure that had been adjusted for each coun-
try’s gross domestic product at purchasing power par-
ity using a linear model) (Bitrdn et al., 2009)13. To
arrive at the total annual costs of an STH control pro-
gramme for each municipality, the cost of the PCT
drugs was added to the delivery costs. These cost esti-
mates were summed for each country in the study. In
addition, it was possible to calculate the estimated
national prevalence of STH in SAC by summing the
number of cases and the number of SAC for each
country and using the former as the numerator and the
latter as the denominator.

The results for this stage of the analysis are present-
ed in Table 8. It is important to remember that the
national STH prevalence rates apply only to the SAC
population and were calculated taking the sum of the
SAC in all municipalities in that country as the denom-
inator and the total estimated number of STH cases in
all municipalities in that country as the numerator. As
with the results at sub-national level, the distribution
of the resulting variable is narrow with the lowest
being Trinidad and Tobago at 19.3% - putting the
country as a whole just below the 20% threshold for
intervention with MDA of PCT - and the two highest
being Guatemala and Honduras at 41.8% meaning
that no country in the study when taken as a whole
falls within the-high risk category. The model predicts
that slightly fewer than 30 million SAC in LAC are
infected with STH (which itself is an underestimation
as it is the sum of the people in that age range report-
ed in different countries’ censuses in different years),
i.e. 28% of the total population in that age range. The

(albendazole and mebendazole) are focused on supporting MDA
campaigns and not individual treatment.

“Montresor at al. (2010) estimate a far lower figure of US$ 0.033
(range US$ 0.012-0.060) for the financial costs of delivering
deworming. However, we opted for the much more conservative
Bitran estimate, which has the advantage of having been adjusted
for Gross Domestic Product at Purchasing Power Parity (GDP
PPP), because the countries from which the Montresor estima-
tes are derived are all either low- or lower-middle-income, none
of which are in LAC. One would expect the prices of the labour
and inputs for training of personnel, drug transport, social
mobilization and monitoring in LAC to be higher than in south
east Asia and Africa. Furthermore, several of the programmes
from which Montresor and colleagues draw their data are from
campaigns that reached between 1 and 2.9 million children and
therefore had the advantage of economies of scale. Since this
model assumes drug delivery at municipal level targeting num-
bers of children mostly in the thousands or tens of thousands,
the same economies of scale may not be available.
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Table 8. Predicted STH prevalence in SAC and requirements for MDA campaigns by country.

Row labels Estimated Number of STH cases SAC eligible MDA Doses Drug MDA costs Total MDA
prevalence SAC: for MDA®  campaigns®  required costs? (US$): cost (US$)
Argentina 22.6% 6,898,410 1,555,947 4,274,435 350 4274435 128233 2,479,172 2,607,405
Belize 30.7% 38,079 11,703 38,079 6 38,079 1,142 22,086 23,228
Bolivia 36.2% 2,110,517 763,935 2,110,517 121 2,155,164 55,942 1,249,995 1,305,937
Brazil 29.8% 33,926,441 10,119,516 28,263,868 5,617 29,210,348 584,207 16,942,002 17,526,209
Chile 19.5% 2,739,050 534258 1,142,234 30 1,142,234 22,845 662,496 685,340
Colombia 26.0% 8,616,811 2,244,307 5,673,140 1,099 5,761,998 115,240 3,341,959 3,457,199
Costa Rica 23.3% 840,223 195,954 746,870 76 746,870 14,937 433,185 448,122
Dominican Rep. 23.9% 1,676,269 400,942 1,524,618 224 1,524,618 30492 884278 914,771
Ecuador 31.1% 2,703,160 841,113 2,703,160 226 2,717,134 54,343 1,575,938 1,630,280
El Salvador 36.1% 1,218,791 439,389 1,162,090 273 1,190,148 23,803 690,286 714,089
Guatemala 41.8% 3,101,616 1,297,806 3,101,616 387 3,654,466 73,089 2,119,590 2,192,680
Guyana 24.0% 178,157 42,814 178,157 10 178,157 3,563 103,331 106,894
Honduras 41.8% 1,678,228 701,741 1,678,228 397 1,985,245 39,705 1,151,442 1,191,147
Mexico 22.8% 21,987,420 5,014,155 12,474,570 2,130 12,483,261 249,665 7,240,291 7,489,957
Nicaragua 41.5% 1,323,301 548,725 1,323,301 183 1,589,766 31,795 922,064 $953,860
Panama 26.4% 669,606 176,931 387,137 74 444844 8897 258,010  $266,906
Paraguay 372% 1,213,738 451,677 1,213,738 249 1,334,811 26,696 774,190  $800,887
Peru 28.6% 5,632,913 1,612,237 5,488,885 191 5,504,074 110,081 3,192,363 3,302,444
Trinidad and Tobago ~ 19.3% 206,119 39,750 80,706 8 80,706 1,614 46,809 48,424
Venezuela 29.4% 5,164,481 1,517,907 5,095,668 332 5,095,822 101,916 2,955,577 3,057,493
Total 28.0% 101,923,330 28,510,806 78,661,017 11,985 81,112,180 1,678,208 47,045,064 48,723,272

*As reported in the most recent census

*SAC living in municipalities with a prevalence of STH greater than 20%

‘Number of municipal level rounds of MDA required annually

dAssuming a unit cost of US$ 0.0285 per dose of PCT average of values found in Guyatt (2003)
¢Assuming a unit cost of US$ 0.58 per MDA round (i.e. per PCT dose delivered) (Bitran et al., 2009).

model predicts an annual cost for the procurement of
PCT of around US$ 1.7 million and a total cost of US$
47 million for implementing a full MDA program for
STH control programme according to the WHO
guidelines throughout the entirety of the countries
included in the study.

It is worth comparing the results of this model to
that of other published models. The WHO estimates
the total number of SAC requiring PCT in the
Americas as 31,405,298 compared to 78,661,017, a
number more than two and a half times higher pre-
dicted by this model (WHO, 2011). This discrepancy
may be due to differences in the methodologies of the
two studies. The WHO estimates were established
based on applying several criteria, mainly using the
proportion of SAC without access to improved sanita-
tion facilities and taking into account differences
between rural and urban areas as well as availability
of prevalence data. Fig. 11a compares the national
level STH prevalence predicted by this model to those
presented by Hall et al. (2009) (which are those origi-

nally arrived at by de Silva et al. (2003) after applying
to updated data the methodology originally employed
by Chan et al. (1994)). The figure reveals that the two
methodologies result in a similar ranking by preva-
lence of the countries. Both place Guatemala as at the
top of the ranking and Trinidad and Tobago at the
bottom and, while there are some significant differ-
ences in where in the ranking the methodologies place
the countries in between (Nicaragua, Dominican
Republic and Chile for example), there seems to be
broad similarities in the trend. However, the range of
prevalence values in the Hall et al. (2009) is much
wider — ranging from (a perhaps implausibly high)
92.6% in Guatemala to 4.5% in Trinidad and Tobago.
Our model predicts a more homogenous situation
across the countries.

Fig. 11b compares the total costs for delivering
MDA to the SAC population as predicted by this
model with those presented in Bitran et al. (2009). A
full comparison country by country is not possible
because several included in this model were left out of
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Fig. 11. Comparison of national level STH prevalence (a) and MDA delivery costs (b) predicted by this model compared with results
from other published models (Bitran et al., 2009; Hall et al., 2009).

the other and vice versa (Haiti, Saint Lucia and
Suriname were included in the Bitran model). As men-
tioned above, these estimates were derived by applying
to the population at risk a unit cost for PCT delivery
that were based on the cost menu presented in Guyatt
(2003) and adjusted by country using GDP PPP and a
linear model (Bitran et al., 2009). The total costs for
the region calculated by the two models were similar -
US$ 40,837,418 calculated by Bitran and others, com-
pared with US$ 48,723,272 by this model. However,
the breakdown of these figures by country shows that,
while the two models produced almost an identical
cost estimate for Brazil and Bolivia, there were con-
siderable discrepancies between the other countries.
This model predicts almost half the cost for Mexico,
two thirds of the costs for Venezuela and considerably
higher costs for Colombia, Ecuador, Honduras and
Nicaragua than the other.

Discussion

A study of this scope is prone to many limitations which
restrict the interpretation of the results and the uses to
which its findings may be put. Here, we list some of these
considerations.

The timing of the data

Many of the censuses from which the indicators of the
determinants selected were derived date back over 10
years. The past decade has seen great strides in economic
development in LAC with corresponding improvements in
the living conditions of and the provision of services to the
region’s population. Therefore, the indicators, and by
extension the risk index and prevalence estimates, repre-
sent an overestimate of the current situation regarding
STH transmission and its determinants. Several of the
countries have conducted new censuses since the ones
used in the study. However, at the time of writing, the data
from these are not publicly available at the level of detail
required for this analysis. Furthermore, the censuses of the
various countries span a period of 10 years (from Belize’s
and Trinidad and Tobago’s in 2000, to Mexico’s and
Panama’s in 2010). This has implications for the compara-
bility of the determinant data between countries since they
refer to different years. Similarly, the prevalence data esti-
mates that made up the other variable in the regression
analysis span a period of 15 years from 1995 to 2009.
However, it was necessary to take data points from such a
wide time period in order to have enough observations in
the data set to run the regression.



J. Colston and M. Saboyd - Geospatial Health 7(2), 2013, pp. 321-340

Potential biases in prevalence data

A key assumption of the model is that the data points
that make up the STH prevalence variable are taken from
sites that are representative both of the municipality in
which that site is located and of the region as a whole. This
assumption is easily challenged. It is extremely unlikely
that all of the prevalence data points in the set were derived
through methodologies that were explicitly designed to
derive a representative estimate of STH prevalence at
municipal level. What is more likely is that most, if not all
of them, were carried out in particular areas and commu-
nities within that municipality. LAC is a region of consid-
erable inequality where poverty and affluence can be
found side by side. Even within the same municipalities,
there can be big differences in some of the factors that
determine the risk of STH infection. Furthermore, there is
no reason to suggest that the sites where the prevalence
estimates were taken were selected randomly. What’s more
likely is that many of them were selected either for con-
venience (proximity to a research institute or university, for
example) or due to there already being reason to suspect
that STH prevalence was a public health concern there.
This would add considerable selection bias to the sample.

Missing data for priority countries

As already mentioned, five countries were excluded
from the study due to the necessary data not being avail-
able. Two of these, Suriname and Haiti, are in the first of
four priority groups proposed by PAHO with regard to
NTDs!4 and are thought to have the kind of poor sanitation
and living conditions that are conducive to STH transmis-
sion (particularly Haiti post-2010 earthquake). With these
countries excluded, the model fails to give a complete pic-
ture of the STH situation and burden in the region.

Failure to account for ecological and climate data

STH transmission is heavily dependent on certain eco-
logical and climatic conditions. The rates of development
and survival of free-living infective stage parasites are
influenced by factors such as temperature relative atmos-
pheric humidity and soil moisture that prevail in the sur-
rounding environment (Brooker et al., 2002, 2006). It is
thought, for example, that the development of 4. lumbri-
coides and T. trichiura ceases to be viable outside of a tem-
perature range of 5-38°C, as this is what has been observed
under experimental conditions (Brooker et al., 2006). It is
likely, therefore, that some areas of Latin America that are
particularly arid or prone to extreme temperatures might
be unsuitable to sustain transmission of STH (for example
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at high altitudes in the Andean regions of Peru and
Bolivia). Clearly, a model that relies solely on socio-eco-
nomic data is unable to capture these other determinants of
transmission. A next step for the study would be to identi-
fy those municipalities that have an average temperature or
humidity that is above or below the range in which STH
development and survival is viable, so that those munici-
palities can be excluded from the calculation. A further
problem with this approach is that ecological conditions
may not be uniform within a single municipality.
Geospatial analysis of climate, temperature and ecological
variables is usually conducted using satellite data at the
level of the pixel, and not at municipality level'S.

Strength of the association

As already highlighted in the Results section and
illustrated in Fig. 7, although the P-value for the
regression of the STH risk index against the STH
prevalence variable suggests a strong statistical associ-
ation between the two, when the one is plotted against
the other in a scatter chart, the strength of this associ-
ation is not obvious.

Assumption of full school enrolment

The costs of delivering MDA calculated here repre-
sent estimates for school-based deworming pro-
grammes, yet the population in need is defined as the
entire school-aged population in the municipality. The
model therefore makes the implicit assumption that
100% of the school-aged children are enrolled in the
school system and can be reached through this deliv-
ery channel. This does not reflect the reality in many
countries of LAC where the percentage of SAC
enrolled in school can be lower than 60%. However,
the results should be interpreted as the upper bound of
a range of cost estimates that uses the entire eligible
population in its calculation (rather than the reachable
population). After all, a child’s eligibility for deworm-
ing is determined solely by their age and the STH

“It should be pointed out that the health authorities in Suriname
completed a survey of STH and schistosomiasis infection in
school-aged children (SAC) across six coastal districts of the
country and the inland district of Brokopondo in 2011. The
results showed very low prevalence rates, far below the 20%
threshold for mass intervention. In due course they will imple-
ment a survey in the three remaining districts not included in
the first survey to determine whether MDA is required
anywhere in the country.

“As in the recent article by Chammartin et al.
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prevalence in the community in which they live, and
not by their school-enrolment status or whether or not
they are reachable by the particular delivery channel
by which the deworming is distributed.

Given the considerable restrictions identified in this
section, it is clear that the results from the tool pre-
sented here may only be reliably used in a very limited
number of situations. It would not be appropriate, for
example, to base programmatic decisions solely on the
results of this model, and no model should ever be
used as a substitute for an empirical prevalence assess-
ment. However, in spite of these limitations, we are of
the opinion that the tool presented here does have
many potential practical applications. One of these
would be in advocacy. The fact that this model pre-
dicts an annual cost of less than US$ 50 million to
implement MDA campaigns as part of STH control
programs throughout the entire region. (and that this
estimate is lent credibility by being in the same order
of magnitude as previously published estimates), has
the potential to contribute towards galvanizing the
public health and donor communities towards taking
steps to tackle the issue. In addition, there are several
ways in which these total costs might be further
reduced. For example, if all the countries in the study
were to take full advantage of existing albendazole or
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mebendazole donation programme, the total cost for
the region could be reduced by US$1.7 million.
Similarly if national programmes were to capitalise on
opportunities to integrate deworming activities into
other health service deliver platforms operational costs
could be reduced. The model assumes a top-down,
vertical control programme of the kind recommended
by the WHO. However, if STH interventions were to
be embedded in existing programmes (as indeed they
are in several countries in LAC), such as primary
health care, integrated management of childhood ill-
ness, child health weeks, vaccination or nutrition cam-
paigns, etc., considerable savings could accrue. The
cost estimates presented here could ultimately be
adjusted downward owing to economies of scale
through the integration of STH control within the
wider national health care systems. It would be chal-
lenging to build these kind of cost-saving considera-
tions into the model, however, the fact that the model
does break down the total costs into two compo-
nents — drug costs and operational/delivery costs —
allows for them to be adjusted separately in order to
reflect scenarios like these.

Furthermore, the advantage that this model has over
previous attempts is that the estimates can be broken
down to national and sub-national level. As we have
shown, there is a scarcity of reliable empirical data on

Table 9. Example of applying the tool to calculate values for municipalities targeted for Inter-American Development Bank (IDB) projects.

Administrative l}nit Number of STH cases MDA PCT (.ioses Cost of PCT ~ Cost of MDA Total control
targeted for project SAC campaigns required (US$) (US$) cost (US$)
Brazil 434,659 119,798 3 434,659 8,693.18 252,102.22 260,795.40
Pernambuco 434,659 119,798 3 434,659 8,693.18 252,102.22 260,795.40
Jaboatido dos Guararapes 114,136 34,199 1 114,136 2,282.72 66,198.88 68,481.60
Olinda 66,324 18,721 1 66,324 1,326.48 38,467.92 39,794.40
Recife 254,199 66,877 1 254,199 5,083.98 147,435.42 152,519.40
Guatemala 314,342 148,464 42 381,224 7,624.48 221,109.92 228,734.40
Alta Verapaz 224,162 106,684 20 268,533 5,370.66 155,749.14 161,119.80
Solola 90,180 41,780 22 112,691 2,253.82 65,360.78 67,614.60
Guyana 68,773 14,391 1 68,773 1,375.46 39,888.34 41,263.80
Region 4 68,773 14,391 1 68,773 1,375.46 39,888.34 41,263.80
Mexico 42,907 18,755 S 42,907 858.14 24,886.06 25,744.20
Chiapas 42,907 18,755 5 42,907 858.14 24,886.06 25,744.20
Chanal 3,543 1,730 1 3,543 $70.86 2,054.94 2,125.80
Huixtan 5,893 2,579 1 5,893 117.86 3,417.94 3,535.80
Oxchuc 12,812 5,134 1 12,812 256.24 7.430.96 7,687.20
San Juan Cancuc 9,091 4,284 1 9,091 181.82 5,272.78 5,454.60
Tenejapa 11,568 5,028 1 11,568 231.36 6,709.44 6,940.80
Grand Total 860,681 301,407 51 927,563  18,551.26  537,986.54  556,537.80
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prevalence and population at risk of STH in the LAC
region. The fact that this tool allows us to say, for any
state, department, municipality or district in the
region, that given the prevalence of determinants at
the time of the last census, it is possible that the preva-
lence of STH in that unit is around x% (a given per-
centage, the particular predicted prevalence of any
given unit), could be valuable for writing proposals,
mobilising resources, calculating sample sizes for
prevalence studies and setting control targets in the
absence of empirical data. Furthermore, these values
can be aggregated, not just at national or first admin-
istrative level, but to any group of municipalities that
is deemed relevant, using the “pivot chart” function in
Excel. As an example of this, Table 9 shows the aggre-
gated values generated by the model when it is restrict-
ed to only those municipalities or departments that
have been targeted by the Inter-American
Development Bank (IDB) for NTD projects.
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