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S U M M A R Y

Objectives: We conducted a cross-sectional survey in 2012 among 22 rural barangays in Northern Samar,

the Philippines in order to determine the prevalence of single and multiple species helminth infections,

their geospatial distribution and underlying risk factors.

Methods: A total of 10,434 individuals who had completed both a medical questionnaire and a stool

examination were included in the analysis. Barangay specific prevalence rates were displayed in ArcMap.

Results: The prevalence of Trichuris trichiura infection was found to be the highest at 62.4%, followed by

Ascaris lumbricoides, hookworm and S. japonicum with the prevalence rates of 40.2%, 31.32%, and 27.1%,

respectively. 52.7% of people were infected with at least two parasites and 4.8% with all four parasites.

Males aged 10-19 years were the most vulnerable to coinfection infection. Students, fishermen, farmers

and housewives were the most vulnerable occupations for co-infection of A. lumbricoides and T.

trichiura. Considerable heterogeneity in the spatial distribution was observed for the different parasite

species. There was a considerably higher risk of A. lumbricoides and T. trichiura co-infection in villages

with no schistosomiasis infection (P < 0.0001) regardless of MDA treatment.

Conclusions: A better understanding of the geospatial distribution of multi-parasitism will guide future

integrated strategies leading to elimination.

� 2016 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
1. Introduction

Soil transmitted helminths (STHs), including roundworm (A.

lumbricoides), whipworm (T. trichiura) and hookworm (N. amer-

icanus and A. duodenale), are intimately connected to rural poverty,
inadequate sanitation, and poor hygiene, as well as limited access
to health-care and preventive measures.1–3 Chronic helminth
infection can lead to iron deficiency anaemia and anaemia of
inflammation, protein malnutrition, intestinal obstruction, chronic
pain, exercise intolerance, stunting, wasting, diarrhoea and poor
mental and physical development.4–8 The estimated global disease
burden for STHs is 39 million disability-adjusted life years
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(DALYs).1,2 STHs are a major public health problem in the
Philippines particularly among school-aged children. Sixteen out
of 17 regions in the Philippines are endemic for STHs with a
prevalence of�50%.9 A nationwide survey performed over 10 years
found the prevalence in children aged 2-14 years was 50-90%; and
up to 30% of the 22 million children in the Philippines were
infected with more than one STH species.10 The current national
control program for STHs is annual mass drug administration with
benzimidazole anthelminthics for children aged 1-12 years.

Schistosomiasis, caused by blood flukes of the genus Schisto-

soma (Phylum Platyhelminthes), afflicts 240 million people
globally with a further 700 million are at risk of infection in
78 countries.11 Schistosomiasis was first reported in 1906 in the
Philippines where approximately 865,000 people are currently
infected with S. japonicum and another seven million are at risk of
infection.12,13 Major endemic foci (80%) occur in 28 provinces,
ciety for Infectious Diseases. This is an open access article under the CC BY-NC-ND
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Table 1
The prevalence of mono-infection and co-infection of the four different helminth

species studied in Northern Samar, the Philippines

Sj Asc Tri Hkw Frequency Percent (%)

+ 2830 27.13

+ - - - 366 3.51

+ + - - 165 1.58

+ - + - 542 5.19

+ - - + 228 2.19

+ + - + 130 1.25

+ + + - 466 4.47

+ - + + 429 4.11

+ + + + 505 4.84

+ 4200 40.25

- + - - 474 4.54

- + + - 1433 13.73

- + - + 165 1.58

+ + - - 165 1.58

- + + + 862 8.26

+ + - + 130 1.25

+ + + - 466 4.47

+ + + + 505 4.84

+ 6512 62.41

- - + - 1704 16.33

- - + + 571 5.47

- + + - 1433 13.73

+ - + - 542 5.19

- + + + 862 8.26

+ + + - 466 4.47

+ - + + 429 4.11

+ + + + 505 4.84

+ 3268 31.32

- - - + 378 3.62

- - + + 571 5.47

+ - - + 228 2.19

- + - + 165 1.58

- + + + 862 8.26

+ + - + 130 1.25

+ - + + 429 4.11

+ + + + 505 4.84

- - - - 2016 19.32

Note. Sj: Schistosomiasis Japonica; Asc: Ascaris lumbricoides; Trich: Trichuris

trichiura; Hkworm: hookworm; -Negative; + Positive.
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190 municipalities and 2,230 barangays (villages) in the poorest
regions of the Visayas (Samar and Leyte) and Mindanao.12 The
current national control program for schistosomiasis comprises
annual mass drug administration with 40 mg/kg of praziquantel in
endemic barangays with a human prevalence >10%.12,13

The purpose of this study was to determine the geospatial
distribution one or more helminthiases (schistosomiasis and STHs)
in the rural Philippines along with their associated risk factors. An
improved understanding of the geospatial distribution of multi-
parasitism can guide future integrated control strategies leading to
elimination of these NTDs.

2. Methods

2.1. Study design and targeted population

We conducted a cross-sectional parasitological survey for
intestinal helminths and Schistosoma japonicum in 2012 among
22 barangays (villages) in the highly endemic municipalities of
Laoang and Palapag, Northern Samar, The Philippines (Fig. 1).11

[2_TD$DIFF]

Villagers there are typically poor rice farmers with over 50% of the
population living below the poverty line, with rudimentary water,
sanitation and hygiene conditions.11 Most households typically
have 6-10 children per family11 and the rates of parasitic diseases,
acute respiratory infections, diarrhoeal diseases and other
communicable diseases are high.

2.2. Study procedures

Individuals were asked, over the course of a week, to provide
two stool specimens from which six Kato-Katz thick smears were
prepared on microscope slides and examined under a light
microscope by experienced laboratory technicians who counted
the number of STHs and S. japonicum eggs per slide. For quality
control, 10% of slides were randomly selected and re-examined by
a senior microscopist at the Research Institute for Tropical
Medicine, Manila. An individual and head of household question-
naire were completed that included information on: occupation,
level of education, home and land ownerships, number of animals
owned and raising practices, animal waste disposal practices,
pasturing of animals, sanitation, and housing characteristics
(roofing, wall and floor materials).

2.3. Data management and statistical analysis

Data were double-entered and cross-checked in ACCESS version
3.5.3 (Center for Diseases Control and Prevention; Atlanta, United
States of America) and analysed in SAS version 9.4 (STATA Corp.;
College Station, United States of America). Only people who had
complete datasets (i.e., stool examination with duplicate Kato-Katz
thick smears, and complete questionnaire data) were considered
for further analysis. All variables including sex, age group and
endemic setting were explored individually by c2 statistics.
Infection intensity was explored by Student’s t-test and the
Kruskal–Wallis test. The standard error (SE) of each estimate was
converted to a variance; all variances were summed to provide an
overall variance, SE and 95% confidence interval (CI). The barangay
specific prevalence for each coinfection was displayed in ArcMap
10.2.2 (ESRI INC., New York Street, United States of America).

2.4. Study oversight

Ethical consent for the study was obtained from the ethical
review boards of the Department of Health in the Philippines (IRB
# 2012-13-0) and Griffith University, Australia. Written informed
consent was obtained from each individual or, for those below the
age of 15 years, from their parents/legal guardians. All ques-
tionnaires were translated to the local dialect and back translated
to English. Individuals found positive for a STH or S. japonicum were
treated according to Department of Health clinical guidelines.

3. Results

3.1. Human parasitic prevalence and risk of co-infection

A total of 10,434 individuals who had completed both the
medical questionnaire and stool examinations were included in
the analysis, of which 2016 (19.32%) people were negative for all
parasitic infections. The prevalence of Trichuris trichiura infection
was found to be the highest at 62.41%, followed by the infection of
Ascaris lumbricoides, hookworm and S. japonicum with the
prevalence rates of 40.25%, 31.32%, and 27.13%, respectively. The
mono-infection rate was low with the prevalence T. trichiura, A.

lumbricoides, hookworm and S. japonicum found to be 16.33%,
4.54%, 3.62% and 3.51%, respectively (Table 1). However, 52.68% of
the residents were infected with at least two parasites and 4.84%
with four parasites. The association of S. japonicum co-infected
with hookworm were about twice of that with A. lumbricoides and
T. trichiura (Table 2). But the co-infection of A. lumbricoides and T.

trichiura were always higher than the other co-infections among all
categories (Fig. [4_TD$DIFF]2).



Table 2
The Odds Ratio (OR) of the association between Schistosomiasis and Soil-

transmitted helminth infection

Sj

+ - Total OR (95% CI)

Asc + 1266 (30.1%) 2934(69.9%) 4200 1.3 (1.2, 1.4)

- 1565(25.1%) 4669(74.9%) 6234

Tri + 1942(29.8%) 4570(70.2%) 6512 1.4 (1.3, 1.6)

- 889(22.7%) 3033(77.3%) 3922

Hkw + 1292(39.5%) 1976(60.5%) 3268 2.4 (2.2, 2.6)

- 1539(21.5%) 5627(78.5%) 7166

Note. Sj: Schistosoma japonicum; Asc: Ascaris lumbricoides; Trich: Trichuris

trichiura; Hkworm: hookworm.

[(Fig._1)TD$FIG]

Fig. 1. The study areas in the Nor
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3.2. Socio-determinants of helminth infection

Male children and adolescents aged 10-19 years were the most
vulnerable for helminth co-infection (Fig. 2). Student, farmers and
housewives were the most vulnerable occupations for co-
infection of A. lumbricoides and T. trichiura. Illiterate fishermen
and farmers were at the greatest risk of acquiring a schistosomia-
sis infection. There were higher risks for co-infection of A.

lumbricoides and T. trichiura when having no schistosomiasis
infection (P < 0.0001). The prevalence of this co-infection was
similar regardless if one had MDA treatment with praziquantel
(P = 0.33) or not (Table 3).
thern Samar, the Philippines.



[(Fig._2)TD$FIG]

Fig. 2. The prevalence of various combination of helminth co-infection among different socio-economic subgroups (Sj: Schistosomiasis japunmium; Asc: Ascaris lumbricoides;

Trich: Trichuris trichiura; Hkw: hookworm).
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3.3. Geospatial heterogeneity of helminth infection

The map (Fig. 3) shows the heterogeneity in the spatial
distribution of the four different helminth species under study. The
four villages with the highest risk of S. japonicum infection were:
Jangtud, Osmeña, Cangcahipos and Campedico with prevalence
rates of 51.76%, 46.68%, 43.13% and 38.30%, respectively. The
prevalence of S. japonicum co-infection with the other three STHs,
single or in combination, were always higher in Osmeña, and
Jangtud. The prevalence of the co-endemicity of the dual
combination S japonicum and A. lumbricoides and S. japonicum

and hookworm were the highest in Simora-Palapag. The triplet
combination of S japonicum, A. lumbricoides, and T. trichiura or
hookworm were the highest in Mabaras, Sinalaran, and Manajao. It
is noteworthy that the distribution of A. lumbricoides and T.

trichiura and hookworm, alone or in combination, were higher
when the prevalence S japonicum was found be lower such as in the
village Magsaysay.
Table 3
Chi-square values for each combination of helminth infection compared with selected

Combination Age Sex Occupation

Sj_Asc 0.26 0.42 0.45

Sj_Tri <.0001 <.0001 <.0001

Sj_Hkw <.0001 <.0001 <.0001

Asc_Tri <.0001 <.0001 <.0001

Asc_Hkw <.0001 0.32 0.0003

Tri_Hkw <.0001 <.0001 <.0001

Sj_Asc_Tri <.0001 0.38 <.0001

Sj_Asc_Hkw <.0001 <.0001 <.0001

Sj_Tri_Hkw <.0001 <.0001 <.0001

Asc_Tri_Hkw 0.45 <.0001 <.0001

Sj_Asc_Tri_Hkw <.0001 <.0001 <.0001

Note. Sj: Schistosomiasis Japonica; Asc: Ascaris lumbricoides; Trich: Trichuris trichiura
4. Discussion

The cornerstone of STH control has been mass drug adminis-
tration (MDA) with benzimidazole anthelminthics that are cheap,
safe and effective.2 [3_TD$DIFF] The current WHO strategy is to continually
treat pre-school and school-age children, women of childbearing
age and adults at high-risk once or twice per year depending on
prevalence.7 This is effective in achieving morbidity control,
however, it does not prevent re-infection. Our study area has
participated in (intermittent) national control efforts for over two
decades yet the prevalence helminth infection remains stubbornly
high.11 52.7% of the residents were infected with at least two
parasites and 4.8% with all four parasites. Males aged 10-19 years
were the most vulnerable to coinfection. Moreover, students,
fishermen, farmers and housewives were the most vulnerable
occupations for co-infection with A. lumbricoides and T. trichiura.

The Philippines National Department of Health control program
for intestinal helminths relies largely benzimidazole anthelminthics
socio-economic determinants

Education Schisto history MDA treatment

0.44 0.0001 0.38

0.08 0.84 0.0005

0.08 0.86 0.78

0.03 <.0001 0.33

0.06 0.07 0.20

0.02 0.18 0.17

0.34 0.10 0.0004

0.25 0.11 0.17

0.21 0.0019 0.56

<.0001 0.85 0.0015

<.0001 0.07 0.89

; Hkworm: hookworm; -Negative; + Positive.
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Fig. 3. The geospatial distribution of the four different helminth infections from the 22 villages residing in the municipalities of Laoang (Light blue) and Palapag (light green) in

Northern Samar, the Philippines.

The geospatial distribution of the four different helminth infections from the 22 villages residing in the municipalities of Laoang (Light blue) and Palapag (light green) in

Northern Samar, the Philippines.
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Fig. 3. (Continued ).
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[(Fig._4)TD$FIG]

Fig. 4. Proposed low cost integrated health package for rural and remote communities in the developing world. Note: Integrated control for STHs and schistosomiasis are part

of the deworming program.
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(e.g., albendazole or mebendazole) for STHs and praziquantel for
schistosomiasis.10 Children aged 1-12 years are targeted for STH
treatment while known schistosomiasis-endemic barangay are
targeted for annual mass drug administration with praziquantel.10

Although this approach provides some short-term benefits, improved
access to water, sanitation and hygiene (WASH) must also be utilized
in order to interrupt the life cycle of these diseases and to achieve
sustainable control.14–16 This year (2016) the national DOH
conducted a mass drug administration campaign for STHs in
Northern Samar schools using the drug mebendazole. However, a
recent meta-analysis has shown the drug to be largely ineffective.16

Annual albendazole treatment (i.e., 400 mg) needs to be combined
with WASH,17

[5_TD$DIFF] micro-nutrient supplements, and health education18
[6_TD$DIFF]

for the integrated control of STHs while bovine treatment, snail
control and irrigation need to be combined with annual MDA of
humans for the sustainable control of schistosomiasis.14–18

[7_TD$DIFF] Deworm-
ing should be part of a low cost integrated health package for rural
and remote communities in the developing world (Fig. 4).

GIS disease risk maps are often made at the national level to
assist policy makers but are also valuable at the local level.19 This
has important implications when national funding is limited for
parasitic control. Drugs should go to high-risk villages and high-
risk groups within those villages. In our study we found
considerable heterogeneity in the geospatial distribution the four
helminth species studied at the barangay level. There was a
considerably higher risk of A. lumbricoides and T. trichiura co-
infection in villages with no schistosomiasis infection (P < 0.0001)
regardless of MDA treatment. MDA deworming programs for
schistosomiasis and STHs are often given together as part of an
integrative drug treatment program - termed ‘integrative control’.
But clearly the findings presented here indicate that this may lead
to a waste of donor funds. Schistosomiasis endemic villages must
be examined independently from STH villages as there may not be
an overlap in disease distribution. Sustainable control is complex
and requires in depth knowledge at the local level with respect to
disease transmission and the socio-determinants of health. A
better understanding of the geospatial distribution of multi-
parasitism will guide future integrated control strategies leading to
elimination of these NTDs[1_TD$DIFF].
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