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Abstract

At the beginning of the new millennium, helminth infections continue to be
prevalent, particularly among impoverished populations. This study attempts
to create the first health informatics model of helminthiasis in Thailand. The
authors investigate how a health informatics model could be used to predict
the control and eradication in a national control campaign. Fish-borne helminth-
iasis caused by Opisthorchis viverrini remains a major public health problem in
many parts of South-East Asia, including Thailand, Lao PDR, Vietnam and
Cambodia. The epicentre of this disease is located in north-east Thailand,
where high prevalence coexists with a high incidence of cholangiocarcinoma
(CHCA). The current report was conducted to determine a mathematical
model of surveillance for helminthiasis while also using a geographic informa-
tion system. The fish-borne helminthiasis model or the predicted equation was
Y1 = 3.028 + 0.020 (elevation) – 2.098 (clay). For soil-transmitted helminthiasis,
the mathematical model or the predicted equation was Y2 =−1.559 + 0.005
(rainfall) + 0.004 (elevation)− 2.198 (clay). The Ministry of Public Health has con-
cluded that mass treatment for helminthiasis in the Thai population, targeting
high-risk individuals, may be a cost-effective way to allocate limited funds.
This type of approach, as well as further study on the correlation of clinical
symptoms with environmental and geographic information, may offer a novel
strategy to the helminth crisis.

Introduction
The World Health Organization (WHO) Initiative for

Global Health has recommended evaluation and compar-
able assessment of mortality and loss of health due to

diseases and injuries for all regions of the world. The latest
WHO assessment of deaths by cause is for the years
2000–2012. Global, regional and country-level summary
tabulations can be accessed interactively through the
Global Health Observatory (WHO, 2016). Due to changes
in data and methodology, the 2000–2012 estimates are not
comparable to previously released WHO estimates
(WHO, 2000). Today trends of global and environmental*E-mail: Nithikathkul@yahoo.com
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change, health and bioinformatics encircle issues from the
local to global, among governments and international
health organizations. The integrated and sustainable
goal of a healthy population in the 21st century will re-
quire geographic information systems approaches to re-
design care practices and integrate local, regional,
national and global health informatics networks
(Jongsuksuntigul et al., 1992; Jongsuksuntigul &
Imsomboon, 2003; Nithikathkul, 2000; Nithikathkul
et al., 2008; Wongsaroj et al., 2012). The deaths and
DALYs (death and disability-adjusted life years) in
China have been reported and estimate the health impact
of unsafe water and poor sanitation and hygiene. The re-
port found unsafe water and poor sanitation and hygiene
to be particularly detrimental to the health of young chil-
dren under 5 years of age (Carlton et al., 2012). Global con-
trol of helminthiasis is beginning, with the widespread
use of drugs for treatment. Mass drug administration
(MDA) has been a major approach to controlling human
helminthiasis in developing countries (Hotez et al., 2007,
2008). In the present environment of both the local and
global change scenario, the physical phenomena and the
health informatics issue are changing from the personal
to the global range. Health information has been recorded
about tropical disease outbreaks among all national and
international health organizations. The improvement
and sustainability of healthy populations in the 21st
century will require systems engineering approaches to
redesign care practices and integrate local, regional, na-
tional and global health informatics networks. Helminth
infections are still present in a worldwide distribution
and are particularly prevalent in low-income countries.
The costs of interventions and animal health issues will
drive the cost effectiveness of intervention strategies
(Torgerson & Macpherson, 2011). Thailand is one of the
tropical countries with environmental and economic
changes that accompany rapid development. A health in-
formatics model dealing with helminthiasis has been de-
veloped and implemented. However, even with these
advances and the integration of informatics with alterna-
tive prevention and control programmes, helminthiasis
still remains a serious concern for the public health system
in Thailand.

Materials and methods
The phenomena of tropical diseases and bioinformatics

have led to development of a health informatics and
mathematics model for helminthiaisis in Thailand. This
study was recommended and evaluated using the second-
ary data of national helminthiasis (the data obtained by
the public health staff of the Bureau of General Commu-
nicable Diseases, Department of Disease Control, Ministry
of Public Health) (Wattanayingcharoenchai et al., 2011;
Wongsaroj et al., 2014). This was associated with geo-
graphic information data (land use and soil type data ob-
tained from the Land Development Department, Ministry
of Agriculture (LDD), Thailand). A geographic informa-
tion system (GIS) database for the study of helminthiasis
was implemented using an ArcGIS Desktop program
(ESRI, Bangkok, Thailand). It mainly separates agricultur-
al areas from urban areas and other man-made land uses.

Geographic coordinates of each area were determined
with a global positioning system. The generated
geo-referenced database was overlaid on the digitized
state coverage of remotely sensed satellite images with en-
vironmental data. The analysis of statistical data used the
software EPI-INFO (Version 2, Centers for Disease
Control and Prevention, Atlanta, Georgia, USA). The de-
monstrative statistics described the distribution of the
geographic information and helminthiasis characteristics
of the subjects. Odds ratio (OR), 95% confidence intervals
of odds ratio (95% CI) and chi-square test were used to
compare differences in the distribution of categorical vari-
ables. A statistically significant difference was determined
when the P value was less than 0.05. The health informat-
ics model for helminthiasis developed under stepwise
multiple linear regression analysis was used to examine
the multivariate association of fish-borne (or soil transmit-
ted) helminths and geographic variables. We had checked
the assumptions of the multiple linear regression (such as
normality, homoscedasticity, multicollinearity and auto-
correlation). The categorical independent variable with k
groups was transformed to be k− 1 dummy variables.

Results
According to policymakers in Thailand, a high preva-

lence of parasitic infection is one that affects 10% or
more of the population. The distributions of fish-borne
parasitic infection were 16.6% in the north-east region
and 10.0 % in north region of Thailand (Wongsaroj et al.,
2014) (figs 1 and 2), while the distribution of soil-
transmitted helminth infections relative to information
on land use and soil type was 6.80% in the north of
Thailand (Wongsaroj et al., 2014) (figs 3 and 4). Multiple
linear regression analyses were conducted to examine
the relationship between the prevalence of helminthiasis
and various geographic information data, including soil
types, land use, amount of rainfall and elevation. Nine
multiple regression models produced adjusted R2 values
between 0.029 and 0.220 (table 1). Elevation (X1) and rain-
fall (X2) were positively correlated with the prevalence of
helminthiasis, indicating that either elevation or rainfall
with higher values is expected to have higher prevalence.
Soil type was negatively correlated with the prevalence of
the helminthiasis (coded as D1 – sandy loam and D2 –
clay) in many cases (apart fromY9 in which D2 had a
positive value, 0.399), indicating that lower prevalences,
ranging from 5.80 to 26.0%, occur in sandy loam and clay.
Examples of multiple linear regression equations of hel-

minth infection are:

Y1 = 3.028+ 0.020 elevation( ) − 2.098 clay
( )

where Y1 is fish borne (amount of Opisthorchis viverrini
and minute intestinal fluke), and

Y2 = −1.559+ 0.005 rainfall( ) + 0.004 elevation( )
− 2.198 clay

( )

where Y2 is soil transmitted (amount of hookworm,
Ascaris lumbricoides, Trichuris trichiura, Enterobius vermicu-
laris and Strongyloides stercoralis).
The risk factors of elevation≥ 101m (OR = 25.53,

CI = 13.97–46.65), sandy loam (OR = 2.98, CI = 1.55–5.71)
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and loamy sand (OR = 4.00, CI = 1.68–9.54) were higher
with statistical difference in the relationship with the
prevalence of fish-borne transmission (table 2). The risk
factors of rainfall≥ 1000mm (OR = 2.71, CI = 1.57–4.66),
elevation≥ 101m (OR = 4.46, CI = 2.46–8.05) and clay
(OR = 0.41, CI = 0.20–0.81) were higher with statistical dif-
ference in the relationship with the prevalence of soil
transmission (table 3).

Discussion
The results of the mathematical health model shown in

table 1 predict the prevalence of helminthiasis by geo-
graphical type. These response factors include elevation,
rainfall, land use and soil type. This modelling analysis
has shown how the possibility of helminthiasis could be
predicted. Previous studies on sexual reproduction have
been applied to parasites with dynamic infections.
According to Truscott et al. (2014), it is conceivable that
there is material in the reservoirs for soil-transmitted hel-
minthiasis, which correlates with the intensity of infec-
tion. The most recent studies in Africa, Asia and Latin
America have integrated research in mathematics in
their analyses of helminthiasis. The current emphasis on
the evaluation of antihelminth drug efficacy against sev-
eral helminths, such as A. lumbricoides and hookworm,

is useful in the prevention and control of helminthiasis.
The data investigation for mathematical modelling was
performed under varying conditions of sample size,
screening, diagnosis, level of excretion and aggregation
of eggs within the host population (Levecke et al., 2011,
2015). Tree-based models were then built that assess the
impact of several factors of specificity and sensitivity to
detect normal and/or reduced efficacy. The outcomes of
these models were validated in different efficacy trials
(Truscott et al., 2014).
An earlier study was performed on visceral leishmania-

sis (VL) (Rock et al., 2015). WHO has recommended this
infection for elimination as a public health problem on
the Indian subcontinent by 2017. To date there is a surpris-
ing scarcity of mathematical models capable of capturing
VL disease dynamics. Such models are widely considered
to be central to planning and assessing the efficacy of in-
terventions. In particular, the characterization and infec-
tiousness of the different disease stages will be crucial to
elimination. Modelling can assist in establishing whether,
when and how the WHO VL elimination targets can be
met (Rock et al., 2015).
In the present study, several factors were not evaluated,

including a detailed analysis of the physical environment
of each area, population density, the clinical signs of the
individual case, and the extent of the villagers’ knowledge
of public health and hygiene. Also, the current model

Fig. 1. The distribution of fish-borne infections relative to
information on land use.

Fig. 2. The distribution of fish-borne infections relative to
information on soil type.
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does not include clinical and behavioural characteristics
which may relate to the clinical-behaviour model of trans-
mission. The Ministry of Public Health (MOPH) in
Thailand has made considerable progress in the reduction
of the rates of helminthiasis over the past 50 years.
However, O. viverrini and several helminths still remain
prevalent among helminth infections. Our project and
MOPH were involved in continuing the measurements
for predictive surveillance and encouraging the strategy

of a control programme. Remote regions are still high-risk
areas, particularly among the hill tribes and the north-
eastern population. These results demonstrate that geo-
graphic spatial analysis with fish-borne and soil-
transmitted helminths can help to identify patterns of
high risk for infections. This spatial analysis study is the
first to use a health informatics model in helminthiasis.
It will be a crucial tool for predictive and preventive mod-
els for helminthiasis.

Fig. 3. The distribution of soil-transmitted helminth infections
relative to information on land use.

Fig. 4. The distribution of soil-transmitted helminth infections
relative to information on soil type.

Table 1. Multiple linear regression equations of fish-borne and soil-transmitted infections. D1, soil type as sandy loam; D2, soil type as
clay; D3, land use as forest; D4, land use as a water body; X1, elevation in metres; X2, rainfall in millimetres; levels of significant differences
include *P < 0.05, **P < 0.01 and ***P < 0.001.

Dependent variables
Regression equation (with independent parameters and their P values
in parentheses) Adjusted R2 F value

Y1 (fish borne) Y1 = 3.028 + 0.020 X1(0.000***) – 2.098 D2(0.007**) 0.147 31.676***
Y2 (soil transmitted) Y2 = –1.559 + 0.005 X2(0.000***) + 0.004 X1(0.033*) – 2.198 D2(0.000***) 0.201 30.847***
Y3 (Opisthorchis viverrini) Y3 = 3.097 + 0.016 X1(0.000***) – 2.505 D2(0.000***) 0.142 30.486***
Y4 (hookworm) Y4 = –0.905 + 0.003 X2(0.000***) – 1.558 D2(0.000***) 0.220 51.108***
Y5 (Ascaris lumbricoides) Y5 = –0.541 + 0.002 X1(0.004**) + 0.0005 X2(0.022*) 0.029 6.287**
Y6 (Trichuris trichiura) Y6 = –0.845 + 0.001 X2(0.000***) 0.075 29.944***
Y7 (Enterobius vermicularis) Y7 = –0.014–0.053 D1(0.009**) + 0.00004 X2(0.033*) 0.021 4.760**
Y8 (Strongyloides stercoralis) Y8 = 0.383 + 0.003 X1(0.000***) + 3.199 D4(0.001**) 0.092 19.000***
Y9 (minute intestinal fluke) Y9 = –0.097 + 0.003 X1(0.000***) + 0.785 D3(0.005**) + 0.399 D2(0.012*) 0.123 17.684***
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The season of the year also has a significant influence on
prevalence, as do geographic information factors such as
humidity and temperature. These concerns should be ad-
dressed in future research. The present study provides in-
novative, integrative information concerning fish-borne
and soil-transmitted infection in Thailand. Through theor-
etical addition, this health informatics model can be sub-
sequently utilized to develop tools and programmes for
the prediction, prevention and control of helminthiasis,
and thus could lead to a decline in the prevalence of

infection, especially in remote areas. Community partici-
pation is the most important and fundamental factor for
implementing control programmes. This MOPH study
provides fundamental information for the future study
and monitoring of helminth infections in Thailand.
Regular collection of data from the health informatics
models is essential to the development of a strategy and
road map for the containment and elimination of
helminthiasis. This study will be useful in assessing the
progress and merits of a variety of intervention

Table 2. Risk factor analysis for fish-borne transmission; n, number of samples; OR, odds ratio; CI, 95% confidence intervals; levels of sig-
nificant differences include *P < 0.05, **P < 0.01 and ***P < 0.001.

Risk function
Found
(n = 172)

Not found
(n = 185)

OR
(P value) CI

Rainfall
<1000 mm 37 39 1.00
≥1000 mm 135 146 0.98 (0.921) 0.59 1.62

Elevation
<50m 34 140 1.00
50–100m 14 25 2.31 (0.027*) 1.09 4.90
≥101m 124 20 25.53 (0.000***) 13.97 46.65

Soil type
Not available 21 42 1.00
Sandy loam 64 43 2.98 (0.001**) 1.55 5.71
Clay 63 88 1.43 (0.252) 0.77 2.65
Loamy sand 24 12 4.00 (0.001**) 1.68 9.54

Land use
Miscellaneous 10 9 1.00
Agricultural 144 156 0.83 (0.695) 0.33 2.10
Forest 15 17 0.79 (0.691) 0.26 2.48
Industrial 1 0 Not calculated
Urban and built-up 1 1 Not calculated
Water body 0 1 Not calculated
Other 1 1 Not calculated

Table 3. Risk factor analysis for soil transmission; n, number of samples; OR, odds ratio; CI, 95% confidence intervals; levels of significant
differences include *P < 0.05, **P < 0.01 and ***P < 0.001.

Risk function
Found
(n = 269)

Not found
(n = 88) OR (P value) CI

Rainfall
<1000 mm 45 31 1.00
≥1000 mm 224 57 2.71 (0.000***) 1.57 4.66

Elevation
<50m 109 65 1.00
50–100m 33 6 3.28 (0.009**) 1.30 8.25
≥101m 127 17 4.46 (0.000***) 2.46 8.05

Soil type
Not available 50 13 1.00
Sandy loam 95 12 2.06 (0.094) 0.87 4.85
Clay 92 59 0.41 (0.009**) 0.20 0.81
Loamy sand 32 4 2.08 (0.227) 0.62 6.94

Land use
Miscellaneous 15 4 1.00
Agricultural 222 78 0.76 (0.832) 0.25 2.36
Forest 27 5 1.44 (0.623) 0.34 6.19
Industrial 0 1 Not calculated
Urban and built-up 2 0 Not calculated
Water body 1 0 Not calculated
Other 2 0 Not calculated
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programmes for prevention and control of helminthiasis
in Thailand.

Acknowledgements
We would like to thank Dr Holly Lakey from the

Center for Asian and Pacific Studies, University of
Oregon for editing, and also Professor Suchat Areemit
and Professor Pramote Thongkajai for their
encouragement.

Financial support
The authors greatly appreciate the support received

from the Bureau of General Communicable Diseases in
the Department of Disease Control of the Ministry of
Public Health (grant number 1/53-387) and from the
Faculty of Medicine at Mahasarakham University,
Thailand.

Conflict of interest
None.

References
Carlton, E.J., Liang, S., McDowell, J.Z., Li, H., Luo, W. &

Remais, J.V. (2012) Regional disparities in the burden
of disease attributable to unsafe water and poor sani-
tation in China. Bulletin of the World Health Organization
90, 578–587.

Hotez, P.J., Molyneux, D.H., Fenwick, A., Kumaresan, J.,
Sachs, S.E., Sachs, J.D. & Savioli, L. (2007) Control of
neglected tropical diseases. New England Journal of
Medicine 6, 1018–1027.

Hotez, P.J., Brindley, P.J., Bethony, J.M., King, C.H.,
Pearce, E.J. & Jacobson, J. (2008) Helminth infections:
the great neglected tropical diseases. Journal of Clinical
Investigation 118, 1311–1321.

Jongsuksuntigul, P. & Imsomboon, T. (2003) Opisthorchiasis
control in Thailand. Acta Tropica 88, 229–232.

Jongsuksuntigul, P., Choeychomsri, W., Techamon-
trigul, P., Jerdit, P. & Suruthanavanith, P. (1992)
Study on prevalence and intensity of intestinal hel-
minthiasis and opisthorchiasis in Thailand. Journal of
Tropical Medicine and Parasitology 15, 80–95.

Levecke, B., Speybroeck, N., Dobson, R.J., Vercruysse, J.
& Charlier, J. (2011) Novel insights in the fecal egg
count reduction test for monitoring drug efficacy

against soil-transmitted helminths in large-scale treat-
ment programs. PLoS Neglected Tropical Diseases 5,
1427.

Levecke, B., Anderson, R.M., Berkvens, D., Charlier, J.,
Devleesschauwer, B., Speybroeck, N., Vercruysse, J.
& Van, A.S. (2015) Mathematical inference on hel-
minth egg counts in stool and its applications in mass
drug administration programmes to control soil-
transmitted helminthiasis in public health. Advanced
Parasitology 87, 193–247.

Nithikathkul, C. (2000) Liver flukes. Communicable
Diseases Journal 26, 274–278.

Nithikathkul, C., Sukthana, Y., Wongsawad, C.,
Nithikathkul, A., Nithikethkul, B., Wichmann, O.,
Gonzales, J.P., Hugot, J.G. & Herbreteau, V. (2008).
Enterobiasis infection among Thai school children:
spatial analysis using a geographic information sys-
tem. Asian Biomedicine 2, 283–288.

Rock, K.S., Rutte, E.A., Vlas, S.J., Adams, E.R., Medley,
G.F. & Hollingsworth, T.D. (2015) Uniting mathem-
atics and biology for control of visceral leishmaniasis.
Trends in Parasitology 31, 251–259.

Torgerson, P.R & Macpherson, C.N. (2011) The socio-
economic burden of parasitic zoonoses: global trends.
Veterinary Parasitology 24, 79–95.

Truscott, J., Hollingsworth, T.D. & Anderson, R. (2014)
Modeling the interruption of the transmission of soil-
transmitted helminth by repeated mass chemotherapy
of school-age children. PLoS Neglected Tropical Diseases
8, 3323.

Wattanayingcharoenchai, S., Nithikathkul, C., Wong-
saroj, T., Royal, L. & Reungsang, P. (2011) Geographic
information system of Opisthorchis riverine in northeast
Thailand. Asian Biomedicine 5, 687–691.

WHO (World Health Organization). (2000) Global health
estimates. Available at http://www.who.int/health
info/globalburdenDisease/en/ (accessed 10 October
2015).

WHO (World Health Organization). (2016) World Health
Statistics 2016: Monitoring health for the SDGs. Report
and annexes. Available at http://www.who.int/gho/
en/ (accessed 16 July 2016).

Wongsaroj, T., Nithikathkul, C., Reungsang, P., Royal,
L., Nakai, W., Krailas, D. & Ramasoota, P. (2012)
Geographic information of helminthiasis in Thailand.
International Journal of Geoinformatics 8, 59–64.

Wongsaroj, T., Nithikathkul, C., Rojkitikul, W., Nakai,
W., Royal, L. & Rammasut, P. (2014) National Survey
of Helminthiasis in Thailand. Asian Biomedicine 8,
779–783.

Health informatics model for helminthiasis in Thailand 533

https://doi.org/10.1017/S0022149X16000614 Published online by Cambridge University Press

http://www.who.int/healthinfo/globalburdenDisease/en/
http://www.who.int/healthinfo/globalburdenDisease/en/
http://www.who.int/healthinfo/globalburdenDisease/en/
http://www.who.int/gho/en/
http://www.who.int/gho/en/
http://www.who.int/gho/en/
https://doi.org/10.1017/S0022149X16000614

	Health informatics model for helminthiasis in Thailand
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	Financial support
	Conflict of interest
	References


