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Abstract

Schistosomiasis (SCH) in The Philippines is caused by
Schistosoma japonicum and remains endemic in 28 provinces in 12
regions. Effective SCH control requires describing areas at risk
where control efforts may be focused. This study aims at demon-
strating the utility of geographical information system (GIS) as a
tool for SCH surveillance in the province of Davao del Norte.
Qualitative and quantitative data on SCH determinants, obtained
from local government offices, partner agencies and institutions,
were standardised, formatted and incorporated into a GIS map. At-
risk areas are described in terms of determinants and (variables),
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which included geography and climate (topography, temperature
and flood-prone areas), agriculture (irrigation and land use), pover-
ty (percentage of households with income below the poverty
threshold), sanitation level (percentage of households with sanitary
toilets), intermediate and reservoir hosts (presence of snail colonies
and reservoir hosts) as well as prevalence and treatment coverage.
Endemic villages (barangays) were generally found to be located in
flood-prone areas in the lowlands near major rivers. New Corella
has the highest poverty index among the SCH-endemic areas stud-
ied as well as the highest number of confirmed snail colonies.
Among known endemic localities in Davao del Norte, Tagum City
was found to be the only city meeting the poverty index target of
<16.6%. Clustering of SCH cases were reported in six barangays
ranging from 0.48% (8 out of 1,655) in Braulio Dujali to 2% (25
out of 1,405) in Asuncion. This study demonstrates the utility of
GIS in predicting and assessing SCH risk, which allows prioritisa-
tion and allocation of control resources and delivery of services in
areas at the highest risk for SCH.

Introduction

Neglected tropical diseases (NTDs) are a diverse group of
communicable diseases that prevail in areas characterised by trop-
ical and subtropical conditions. These diseases affect more than
one billion people, mostly those living in impoverished conditions
without adequate sanitation and with respect to schistosomiasis
(SCH) in close contact with its snail intermediate hosts and in Asia
also with reservoir hosts, such as livestock and some wild animals
(WHO, 2016). Ending epidemics of NTDs by 2030 is included as
a target of the Sustainable Development Goals (SDGs) (United
Nations, 2016).

SCH, a debilitating, potentially fatal NTD, with considerable
health and economic effects (King and Dangerfield-Cha, 2008;
WHO, 2016), is targeted for elimination by 2020 (WHO, 2012).
According to the Department of Health (DOH) in The Philippines,
SCH is endemic in 12 regions affecting 28 provinces, where it is
caused by Schistosoma japonicum and transmitted by the freshwa-
ter snail Oncomelania hupensis quadrasi (Philippines Department
of Health, 2015). The SCH Control and Elimination Program
(SCEP), implemented by the DOH, aims to reduce prevalence by
50% and envisions SCH elimination in all endemic areas. This
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will be achieved through mass drug administration (MDA) of praz-
iquantel and control of infection and transmission by surveillance
as well as advocacy and health promotion (Philippines Department
of Health, 2007). In support of the national control programme, the
University of the Philippines (UP) Manila has implemented the
War on Worms (WOW) Campaign to provide technical support to
DOH and local government units (LGUs) for a more effective con-
trol of SCH and also intestinal helminthiases.

Surveillance of SCH plays a crucial role in the formulation and
implementation of effective strategies for disease control and pre-
vention. The use of spatial information technologies (SIT), which
include geographical information systems (GIS), may serve as an
innovative approach in SCH surveillance. The application of GIS
in mapping temporal and spatial distribution of S. japonicum and
assessing the risk of infection has been demonstrated in China
(Wang and Zhuang, 2015), Africa (Manyangadze et al., 2015) and
Brazil (Guimaraes et al., 2008). The application of GIS in SCH
prevention and control in The Philippines, however, remains limit-
ed (Leonardo et al.,, 2007). This study aimed to demonstrate the
utility of GIS as a tool for surveillance to guide programme policy
and planning for SCH control in the Philippine province of Davao
del Norte on Mindanao in the South of the country.

Materials and Methods

Study site

Davao del Norte, a province in Region XI (Davao Region) of
The Philippines, is bordered by Agusan del Sur in the North,
Davao Gulf and Davao City in the South, Compostela Valley in the
East, and Davao del Sur in the West. It has a land area of 3,463
km?, which stretches from latitude 6°05°00” to 8°00°00” and lon-
gitude from 125°018°25” to 125°055°75” (Davao del Norte
Provincial Environmental and Natural Resources Office, 2016)
and is composed of eight municipalities and three component cities
(Figure 1). Six municipalities (Asuncion, Braulio Dujali, Carmen,
Kapalong, New Corella and Sto. Tomas) and one city (Tagum

City) are known as SCH-endemic (Philippines Department of
Health, 2009). Davao del Norte has a total population of 945,764,
the highest population among the provinces in Davao Region
(Philippine Statistics Authority, 2013). The province was selected
as the study site based on availability of data and endemicity of
SCH, as well as active participation of and partnership with local
stakeholders, such as the DOH Regional Office (RO) XI and
LGUs. Davao del Norte is also one of the sites where the WOW
Campaign is being implemented since 2012.

Data collection and processing

SCH determinants and variables were identified through
review of the literature. Discussions facilitated by the WOW
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Figure 1. The municipalities and cities of Davao del Norte.

Table 1. Determinants, variables and ecological conditions supporting schistosomiasis.

o

(1
Geography and climate Topography PPDO (2015)
Temperature WorldClim

(2000; httpz//www.worldclim.org)

Presence of freshwater bodies
Temperatures ranging
from 15.4-30°C

Grimes et al. (2015)
Zhou et al. 2009;
Yang et al. (2006)

Flood-prone areas Mines and Geosciences Presence of flood-prone areas* Katanha and
Bureau Region XI (2014) Masocha (2014)
Agriculture [rrigation PAGRO and NIA (2014) Presence of irrigation canals and dams ~ McManus et al. (2010)
Land use PAGRO and PPDO (2013) Lands used for vegetation Zhang et al. (2004)
Poverty Poverty index* PSWDO (2012) High poverty index’ NEDA (2013)
Sanitation Sanitary index® PHO (2014) Low sanitary index” DOH (2010)
Intermediate snail host ~ Presence of snail colonies PHO (2014) Presence of snail colonies Not applicable
Animal reservoir hosts Presence of reservoir host PVO (2014) Presence of animal reservoirs Not applicable
SCH Prevalence level PHO and UP (2012 and 2014) SCH prevalence =1% WHO (2012)
Treatment MDA coverage rate PHO (2013-2015) MDA coverage rates <75% WHO (2012)

SCH, schistosomiasis; PPDO, Provincial Planning and Development Office; PAGRO, Provincial Agriculture Office; NIA, National Irrigation Administration; PSWDO, Provincial Social Welfare and Development Office; PHO,
Provincial Health Office; PVO, Provincial Veterinarian Office; UP, University of the Philippines Manila; NEDA, National Economic and Development Authority. MDA, mass drug distribution. *Defined as areas which expe-
rienced flooding as of 2014; °percentage of households with income below the poverty threshold; “defined as municipalities having a =16.6% percentage of households with under-threshold incomes, which is the nation-
al target under the 2011-2016 Philippine Development Plan; Spercentage of households with sanitary toilets; ~defined as municipalities with households having a percentage of sanitary toilets lower than the 95% national

coverage target (DOH, 2010).
OPEN 8 ACCESS
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Project Team and participated by key staff of DOH RO XI and
Davao del Norte Provincial Health Office (PHO) were conducted
to identify data sources and to collect information on known SCH
determinants. The latest qualitative and quantitative data on SCH
determinants were requested and obtained from local government
offices, agencies, and partner institutions (Table 1). Municipalities
were classified based on the presence of conditions favourable for
SCH transmission.

Geography and climate

Data on topography, namely, bodies of water, and municipal
and barangay boundaries, were retrieved from the GIS database of
Davao del Norte Provincial Planning and Development Office
(PPDO). Data on bodies of water, which included rivers and
creeks, were digitalised using satellite imagery. Data on tempera-
ture were obtained from the WorldClim’s global climate dataset
(Hijman et al., 2015; WorldClim-Global Climate Data, 2017) and
limited to available records for the period of 1950-2000. Data on
flood-prone areas were obtained from the Mines and Geosciences
Bureau - Region XI. Data obtained were culled, added as mosaic,
clipped to national bounding box and re-projected to local coordi-
nates. A 1-km raster resolution was used.

Agriculture

Data on agriculture, which included types of irrigation and
land use (e.g. types of crops planted) for the year 2013, were
obtained from the Davao del Norte Provincial Agriculture Office
(PAGRO) and supplemented by PPDO.

Poverty

The poverty index, defined as the percentage of households
with per capita annual income less than the per capita poverty
threshold per municipality for the year 2012 (PHP 18,935.00 or
USD 378.70, USD 1.00 = PHP 50.00) based on small-area esti-
mates, was obtained from the Provincial Social Welfare and
Development Office (PSWDO). The municipalities were classified
as having a poverty index either (1) greater than or equal to, or (2)
less than the national index of <16.6% (National Economic and
Development Authority, 2013).

Sanitation

The percentage of households with sanitary toilets per village
(barangay) in the province for 2014 was obtained from the PHO.
The municipalities were classified as having a percentage of
households with sanitary toilets either (1) greater than or equal to,
or (2) less than the national target for coverage of 95% (Philippines
Department of Health, 2010a, 2010b).

Snail colonies

Data on distribution of snail colonies per barangay were
obtained from the results of the malacological survey conducted by
the designated staff of PHO. The locations of snail sites were geo-
tagged using GPS by the designated PHO staff. Data on snail
colonies were limited to the usual areas where DOH RO XI or
Davao del Norte PHO routinely conducts malacological surveys.
Identified snail colonies (available up to the year 2014) were
marked on the GIS map generated.

Reservoir hosts

Data on distribution of animal reservoir hosts per barangay for
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the year 2014 were requested from the Provincial Veterinary Office
(PVO).

Disease prevalence

Data for SCH prevalence were obtained from the PHO, specif-
ically from the results of focal parasitological survey in Davao del
Norte, a cross-sectional survey conducted by DOH among 5-65
years old residents in the SCH-endemic areas in 2014.
Supplementary data on SCH prevalence were obtained from the
results of the sentinel surveillance in school-age children (SAC)
conducted by the UP Manila in the municipalities of Carmen and
Sto. Tomas in 2012 and 2014 as part of the monitoring and evalu-
ation of the WOW Campaign. Both parasitological surveys used
the Kato-Katz technique (WHO, 1994) for stool examination.
Prevalence data per municipality were compared with the WHO
target of <1% for SCH prevalence (WHO, 2012). Municipalities
were classified as having SCH prevalence either (1) greater than or
equal to, the WHO target or (2) less than this target.

Mass drug administration coverage

The MDA coverage rates for SCH for the years 2013-2015
were obtained from the PHO. The average MDA coverage rate for
the three years for each municipality was compared with the target
coverage of WHO of at least 75% of the population (WHO, 2012).
Coverage rates were disaggregated into barangays. Municipalities
were classified as having average MDA coverage rate of either (1)
greater than or equal to the WHO target or (2) less than this target.

Intersectoral workshops on the development of a geo-
graphical information system map

An initial intersectoral workshop, attended by representatives
from DOH RO XI, Davao del Norte PHO, PPDO, PAGRO,
PSWDO, PVO, and UP Manila was conducted in December 2014.
Data on the SCH determinants and variables/conditions were pre-
sented and a prototype GIS map was developed. Prior to data entry
in the GIS, the data were standardised following the specifications
of ArcGIS, version 10.2.1 (ESRI Inc., Redlands, CA, USA).
Standardised data were incorporated into the GIS map either by
digitising or by tracing the location, path, or boundary of geo-
graphic features. Each data layer in the GIS map was made to cor-
respond to a unique SCH determinant. The layers were stacked to
highlight patterns and trends. Colours and symbols were used to
allow distinction of attributes. A follow-up intersectoral workshop
was conducted in July 2015 to present the pre-final GIS maps to
the stakeholders for additional inputs. The final GIS maps were
approved by the stakeholders and retained in the GIS database of
the Davao del Norte PPDO for use in future planning and policy
formulations.

Results

Geography and climate

Davao del Norte has mountainous areas on the western part of
the municipalities of Talaingod and San Isidro and wide plains in
central lowland areas. All of the known SCH-endemic municipali-
ties/cities, namely, Asuncion, Braulio Dujali, Carmen, Kapalong,
New Corella, Sto. Tomas, and Tagum City are situated in the low-
lands and adjacent to each other. Major rivers in the province

[page 201]



include Libuganon River, which flows from Kapalong through
Asuncion, Tagum City, Braulio Dujali, and Carmen, and Tuganay
River which flows from Sto. Tomas through Braulio Dujali and
Carmen. All major rivers pass through the barangays of the known
SCH-endemic municipalities. Municipalities not known to be
SCH-endemic, on the other hand, are mostly mountainous and
have barangays that are not adjacent to major waterways. An
exception is Panabo City, which is not a known endemic area, but
is in a lowland area and includes barangays adjacent to waterways.

Flood-prone areas are concentrated in lowland areas in the
South and south-eastern parts of the province. These areas are also
located around major rivers flowing through the barangays of the
known endemic municipalities of Braulio Dujali, Carmen, and por-
tions of Tagum City. There is neither a major river nor a flood-
prone area in the Island Garden City of Samal (IGACOS) (Figure
2). In Davao del Norte, temperatures range from 19.3°C in the
western mountainous areas to 27.2°C in the central lowlands. IGA-
COS, on the other hand, has moderate to high temperatures despite
its semi-mountainous topography. SCH-endemic municipalities
have relatively high temperatures except in the north-eastern part
of New Corella, which has higher elevation with moderate temper-
atures (Figure 3).

P
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Agriculture

Most of the areas in the mountainous part of Davao del Norte
are grasslands, shrublands or forests, particularly on the north-
western part of the province. Lowland areas, on the other hand, are
generally used for plantations of banana, cacao and other major
crops, such as rice and corn. Tagum City and Panabo City are com-
posed mostly of residential and commercial areas. Majority of
coconut plantations are found in IGACOS. Rice fields are located
in flood-prone areas. In Tagum City, portions of residential and
commercial areas are located near flood-prone areas (Figure 4).
Neither the PAGRO nor the National Irrigation Administration
(NIA) was able to provide the data on geographical locations of
irrigation canals in Davao del Norte.

Poverty and sanitation

Talaingod, a municipality not known as SCH-endemic, was
seen having the highest poverty index (68.8%) in the province.
Among the SCH-endemic municipalities in the province, New
Corella showed the highest poverty index (41.6%), while the low-
est was in Tagum City (13.80%). Among the known endemic local-
ities, Tagum City is the only city meeting the national poverty
index target of <16.6%.

Figure 2. The topography, i.e., municipal and barangay bound-
aries, major roads and highways, terrain, major rivers and creeks
as well as flood-prone areas in Davao del Norte.
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Figure 3. The topography of Davao del Norte overlaid with tem-

perature data.
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Davao del Norte was found to have the highest coverage of
sanitary toilets in the Davao Region (90%). For the province as a
whole, New Corella had the highest coverage (98%), while Tagum
City had the lowest (89%). Among the municipalities where data
on sanitation exist, Braulio Dujali, Kapalong, and Tagum City did
not meet the toilet coverage target. It is important to note, however,
that all municipalities and cities had barangays that do not meet the
coverage target of sanitary toilets (Figure 5).

Intermediate snail host

Most of the identified snail colonies were found in barangays in
the municipality of New Corella, while the rest were located in
barangays belonging to the municipalities Kapalong, Braulio Dujali
and Carmen. Snail colonies in the province were mostly found in
areas with high temperature, in flood-prone areas and in areas with a
poverty index above the national target and with sanitary toilet cov-
erage below (Figure 6). Available data on snail colonies, however, are
only limited to the usual areas where malacological surveys are con-
ducted by DOH RO XI and Davao del Norte PHO, while there might
be many others that remain unsampled.

Animal reservoir hosts

The PVO did not have data on distribution of animal reservoir
hosts in the province.

Disease prevalence

SCH prevalence levels of >1% were found in the barangays of the
municipalities of Asuncion, New Corella, Kapalong, Braulio Dujali,
Carmen, Sto. Tomas, and Tagum City. SCH cases were found in
barangays with identified and confirmed snail sites and colonies. In
the barangays Cabaywa in Asuncion and Pagsabangan in Tagum City,
where the highest SCH prevalence levels were found, however, there
was no known snail colony. Incidentally, these areas are flood-prone
with SCH prevalence rates ranging from 0.48% (8 out of 1,655) in
Braulio Dujali to 1.8% (25 out of 1,405) in Asuncion (Figure 7).

Mass drug administration coverage

Tagum City has the highest praziquentel MDA coverage rate in
the period 2013-2015 (79.3%) making it the only city in the province
meeting the WHO target. Asuncion, on the other hand, has the lowest
MDA coverage rate for SCH (50.8%) (Figure 8). Six out of the seven
SCH-endemic municipalities and the city failed to meet the WHO tar-
get for MDA coverage.

Schistosomiasis determinants and variables considered

Figure 9 shows the data layers referring to SCH determinants,
health facilities, as well as schools in Davao del Norte. All SCH cases
were reported in flood-prone areas and have temperatures between
15.9°C and 30.0°C. All of the SCH-endemic municipalities have

Figure 4. Land use in Davao del Norte overlaid with topography

and temperature data.

Figure 5. Poverty level and sanitation of Davao del Norte overlaid
with topography and temperature data.
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areas used for vegetation. Among the SCH-endemic municipalities
and city, only Tagum City has poverty index meeting the national tar-
get. Three out of the six SCH-endemic municipalities, namely
Braulio Dujali, Kapalong, and Tagum City, have coverage of sanitary
toilets not meeting the target. Except for Cabaywa in Asuncion and
Pagsabangan in Tagum City, all SCH cases were reported in munici-
palities where snail colonies were found. There were 10 barangays
(Cabaywa in Asuncion; Pagsabangan in Tagum City; Poblacion,
Mesaoy, and Del Pilar in New Corella; Mabaus in Carmen; San
Vicente and Esperanza in Sto. Tomas; and Mabantao and Florida in
Kapalong) with >1% SCH prevalence and they are all traversed by
waterways. On the other hand, New Casay in Braulio Dujali is a
SCH-endemic barangay, which is also prone to flooding. Among the
barangays with data on SCH, 26 barangays which have <1% SCH
prevalence are either traversed by waterways or are prone to flooding.

Table 2 shows the presence of favourable conditions of SCH
determinants for disease transmission in municipalities in Davao del
Norte. Out of eight flood-prone municipalities, only Panabo City is
not classified as SCH-endemic. All of the municipalities have suit-
able temperatures for S. japonicum development. Seven out of eight
municipalities that use portions of its land for vegetation, are endemic
for SCH. Among the SCH-endemic municipalities and the city, only
Tagum City showed poverty index meeting the national target. Out of
the seven SCH-endemic areas, only six municipalities had confirmed
snail sites and colonies.

P
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Discussion

Relationship with schistosomiasis determinants and
variables

Humans contract SCH through exposure to Schistosoma cer-
cariae in infested bodies of freshwater, where colonies of snail
intermediate hosts are often found nearby. Development of S.
Jjaponicum will not proceed without colonies of O. hupensis
quadrasi in the vicinity (CDC, 2013a). Temperature is an impor-
tant determinant, both for the snail and the development of the par-
asite in its intermediate host (Zhou et al., 2008). Studies have
shown that S. japonicum only develops in O. hupensis at tempera-
tures higher than 15.4°C, with the fastest development occurring at
30°C (Yang et al., 2006; Zhou et al., 2008). Land elevation may
also affect SCH transmission, such that low-lying areas near bod-
ies of freshwater may provide potential habitats for the snail inter-
mediate host. Flooding has been reported to increase the area of
potential snail habitats fivefold (Li ef al., 2007) and may put more
people at risk for exposure to water infested with cercaria, which
may survive for up to 48 hours after being released by the snail
intermediate host (Krauss et al., 2003). In China, the spread of
Oncomelania snails to farmlands was found in eastern Dongting
Lake a year after a flood which occurred in 1996 (Zhou et al.,

Figure 6. The distribution of snail colonies in Davao del Norte over-
laid with topography, temperature, poverty level and sanitation
data.

Figure 7. The schistosomiasis prevalence in Davao del Norte
overlaid with topography, temperature and snail distribution
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Figure 8. Mass drug administration coverage in Davao del Norte
overlaid with topography, temperature, sanitation and the distri-
bution of snail colonies data. Mass drug administration coverage

is shown in proportion.

Figure 9. Map of Davao del Norte overlaid with the schistosomi-
asis determinants and variables.

Table 2. Determinants and variables/conditions for schistosomiasis in the municipalities and cities of Davao del Norte.

Land
use
Vegetation

Determinant

SCH-favouring Flood-

condition prone

Municipality/City

Topography

Irrigation
canals

Temperature
(°0)
15.4-30

Poverty
index
>16.6%

Sanitation
index
<95%

Intermediate
snail host
Colony
presence

Reservoir
hosts
Presence
at location

SCH

endemicity
Presence of

cases

Asuncion v na* v v v X v na* v
B. Dujali v na* 4 4 v 4 v na* 4
Carmen v na* v v v X v na* v
IGACOS* X na* X v v X X na* X
Kapalong 4 na* 4 4 v 4 v na* 4
New Corella v na* v v v X v na* v
Panabo City* v na* v v v X X na* X
San Isidro* X na* X v v X X na* X
Sto. Tomas v na* v v v X v na* v
Tagum City v na* 4 4 X v X na* 4
Talaingod* X na* X v v X X na* X
SCH, schistosomiasis; na, not available; IGACOS, Island Garden City of Samal. *Areas not known to be SCH-endemic.
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2001; Cai et al., 2005). Preventing floods may thus contribute to
reduction of SCH transmission (Zhou et al., 2001). Establishment
of irrigation systems in areas known to have snail colonies may
also result in the introduction of snails into new areas (Peng et al.,
2010). Although the temperature in Davao del Norte is suitable for
SCH transmission; the GIS map showed that most SCH cases were
reported in areas where snail colonies were identified, with excep-
tions of Cabaywa in Asuncion and Pagsabangan in Tagum City.
The snail colony sites, however, may be grossly underestimated as
they are based only on available data from malacological surveys
conducted in sites where previous surveys have been conducted. A
standardised protocol for malacological surveys including limited
surveillance in barangays not known to be endemic should be
developed and tested to help address this challenge. In addition to
the identification of snail sites and colonies, assessment of snail
densities may also be explored to facilitate a proper estimation of
the SCH risk. It would be useful to also investigate the snail infec-
tion rates. SCH cases in Davao del Norte were mostly reported in
low-lying areas, such as Carmen and Braulio Dujali, which are
also flood-prone. Given the limitation in data on the intermediate
host and the possibility of the spread of snail colonies through
flooding, areas without identified snail colonies, but identified as
flood-prone, such as Cabaywa in Asuncion and Pagsabangan in
Tagum City, should be further investigated. Aside from snail inter-
mediate hosts, carabaos, dogs and other animals are also of con-
cern since these animals facilitate continuing transmission by serv-
ing as reservoir hosts (CDC, 2013a). Data on the distribution of
these reservoir hosts, which are of limited availability in Davao del
Norte LGU, is crucial. There is a need, therefore, to strengthen
SCH surveillance to include data on reservoir hosts. This high-
lights the importance of engaging the veterinary public health sec-
tor in providing support not only in surveillance of reservoir hosts
but also in control strategies targeting the intermediate and reser-
voir hosts (WHO, 2016).

The World Health Organization (WHO) recommends preven-
tive chemotherapy as the strategy for SCH morbidity control.
Annual MDA of praziquantel among high-risk groups will not only
alleviate infected people from morbidity due to SCH but may also
facilitate reduction in SCH transmission. Low MDA coverage
rates, which were noted in municipalities in Davao del Norte, may
contribute to increased SCH transmission since infected people,
who did not benefit from preventive chemotherapy, may contami-
nate bodies of freshwater with Schistosoma ova especially if they
practice open defecation (OD) (WHO, 2006). It is also important
to note that MDA coverage may also vary among barangays or vil-
lages within the same municipality due to various reasons, such as
cooperation of the barangay government. This highlights the
importance of strengthening advocacy efforts and intersectoral col-
laboration to address the generally low MDA coverage rates, as
well as the variations in MDA coverage rates in certain municipal-
ities. While this study did not show a clear relationship between
sanitation and SCH prevalence, the literature shows that high SCH
prevalence may persist in areas with poor sanitation, where prac-
tice of OD may be rampant. Efforts to improve water, sanitation,
and hygiene (WASH) may be strengthened in areas where OD pre-
vails (Grimes et al., 2015). Studies have shown, however, that
helminthiases still persist in some areas declared as OD-free
(ODF) (Belizario et al., 2014, 2016). Thus, there may be a need to
review and update the process of certifying ODF status. Validation
of sanitation coverage by DOH and LGUs, with technical support
from the academe, may be undertaken to reach this goal. The cur-
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rent protocol for declaring an area as ODF only focuses on human
OD (UNICEEF, 2016). In line with One Health (CDC, 2016) and
considering that animal defecation also contributes to SCH trans-
mission, there is a need to expand the current protocol to incorpo-
rate data on animal defecation. DOH and LGUs should also pursue
zero OD (ZOD) in line with the National Sustainable Sanitation
Plan of the DOH (Philippines Department of Health, 2010a,
2010b). Other SCH determinants include the social determinants
of health, such as poverty. The GIS map showed that most of the
endemic areas are characterised by poverty, which is consistent
with available literature indicating that SCH is prevalent in impov-
erished areas (WHO, 2012). Morbidity, in turn, reduces productiv-
ity and perpetuates poverty (King, 2010). Improving SCH control
and prevention may thus contribute to poverty alleviation and vice
versa. While little may be done with non-modifiable determinants
such as geography and climate, the GIS map may be used in iden-
tifying areas with a suitable environment and temperature range
for the development of S. japonicum and O. hupensis quadrasi.
This may be useful in disease surveillance and control, particularly
in identifying areas at-risk or even predicting high-risk areas.
Strengthening capacities of LGUs for passive case finding is rec-
ommended in areas identified by the GIS map as at-risk. Active
case finding to complement passive case finding may also be con-
ducted to provide a more accurate and updated data on SCH.

The overlap of several determinants favourable for SCH
endemicity highlights the importance of an innovative approach
which may facilitate the utilisation of various data on SCH deter-
minants to guide programme policy and planning for surveillance
and effective control of SCH. Such approaches may find GIS to be
important tool.

Geographical information system in schistosomiasis
prevention and control

SCH transmission is affected by key factors, such as climatic
suitability, spatial distribution of the intermediate host and human
activities (Zhou et al., 2008; Peng et al., 2010; Chen et al., 2015).
Implementation of effective prevention and control strategies
necessitates accurate and up-to-date data on SCH determinants.
Considering the focal distribution of SCH, identification of patterns
of the infection and its determinants are crucial (WHO, 1999; Ekpo
et al., 2008). Although MDA may prove to be an effective strategy
for morbidity control, it only targets the human morbidity aspect
and does not address other factors contributing to transmission of
the parasite. Mapping of the SCH distribution and its determinants
would allow control programme managers to define the extent of
the problem and use interventions accordingly (Ekpo et al., 2008).
GIS has been used to further increase our understanding of the ecol-
ogy and epidemiology of SCH in different settings (Cross et al.,
1984; Malone et al., 1994; Bavia et al., 1999; Zhou et al., 2001;
Brooker et al., 2002; Ekpo et al., 2008). Given that data on SCH
determinants are collected by different local government offices,
partner agencies and institutions, mapping of the presence and dis-
tribution of determinants through GIS may be useful in providing
better analysis leading to facilitating policy formulation and strate-
gic planning. The use of GIS allows the demonstration of condi-
tions favouring transmission and the interplay of these determinants
(Raso et al., 2009; Zhang et al., 2012; Chen et al., 2015). This is
crucial in developing countries where resources are limited.
Correctly applied, GIS contributes to evaluation of control pro-
grammes and review, since data visualisation in space and possibly
also in time may help improve data utility (CDC, 2013b).
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Elimination of NTDs, as part of the SDGs (United Nations,
2016), warrants the use of innovative and sustainable approaches.
Assessment of the progress of nations on the attainment of SDGs,
which will be regularly reported to the United Nations, requires an
organised and reliable system of data collection, processing, and
analysis. GIS may serve as a tool for SCH surveillance and may be
used to track the progress of control efforts through updating of
data included in the GIS database.

Role of local government units in schistosomiasis
prevention and control

In a decentralised health system, LGUs in the periphery play a
crucial role in SCH prevention and control. With the devolution of
the health system under the Local Government Code of 1991 (RA
7160), LGUs were granted autonomy and responsibility in the pro-
vision of health services, with technical support from the DOH
through the regional offices (Philippines Department of Health,
1999). The LGUs serve as stewards of the local health system and
are therefore expected to formulate and enforce local policies and
ordinances in accordance with national policies and standards
(WHO-WPRO, 2011). Data at the local level provided by LGUs
may provide a clearer picture of the status of the infection, neces-
sary in policy planning, formulation, and implementation for SCH
prevention and control. Currently, there is no system for SCH
surveillance which is institutionalised. Most data on SCH come
from research or case reports of patients in the RHUs and govern-
ment hospitals. The capacity of local health units (LHUs) to diag-
nose and manage SCH cases may likewise be enhanced.
Monitoring of SCH by DOH and LGUs through sentinel surveil-
lance, as well as capacity building of LHUs on diagnosis and case
management of SCH, may thus be considered.

Collaboration of different sectors at the local level is crucial in
the formulation and implementation of efficient and effective
health programs. Intersectoral collaboration may be facilitated
through establishment of a committee, composed of representa-
tives from various sectors. Regular meetings of the committee con-
vened by the health sector may serve as a forum for sharing of
information, review of SOPs, strategic planning, and identification
of roles and responsibilities in the implementation of SCH preven-
tion and control strategies.

Limitations of the study

The limitations of the study include the lack of barangay-level
MDA coverage data for the other municipalities aside from
Carmen and Braulio Dujali and lack of data on geographical loca-
tion of reserve hosts and irrigation canals, which were both due to
inability of the stakeholders to provide the data. We still included
columns for this information in Table 2 to point the importance of
access to these data. Another limitation was the lack of updated
data on temperature in the Davao del Norte LGU and DOH RO XI.
Further studies should address these limitations to generate avail-
able, up-to-date, and accurate evidence for policy formulation and
planning. Inter-agency collaboration including not only the LGUs
but also other government line agencies, such as DOH, DSWD and
the NIA are expected to facilitate improvement in control and
elimination of SCH and other endemic parasitic infections.
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Conclusions

This study demonstrated the utility of GIS as a tool for SCH
surveillance, particularly in characterising high-risk areas through
visualising the role of the various SCH determinants and ecologi-
cal variables. Utilising GIS as a tool for SCH surveillance, howev-
er, entails obtaining up-to-date and accurate spatial and temporal
data. Thus, to maximise the use of GIS in SCH surveillance, there
is a need to ensure availability and quality of data that entails
updating and enhancing protocols and standard operating proce-
dures (SOPs) for data collection. Development of an action plan
for SCH prevention and control using data generated by the GIS
could guide programme policy and planning toward more effective
SCH control and prevention. There is also a need for validation of
available data, as well as collection of unavailable data by the
regional health office, local government units (LGUs), partner
agencies, and institutions. Development of an action plan for SCH
prevention and control using data generated by the GIS may guide
program policy and planning toward SCH control and prevention.
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