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Abstract. We reviewed the epidemiology of STH in Malaysia from the 1970s to
2009. High prevalence rates persist among the rural Aborigines, estate workers
and in urban slums and squatter areas. Trichuris trichiura is the most prevalent
helminth in Malaysia ranging from 2.1% to 98.2%. Ascaris lumbricoides follows
closely with a prevalence rate of 4.6-86.7%, while hookworm is the least prevalent
(0-37.0%). A countrywide control program with special emphasis on school-based
intervention is highly recommended among aboriginal people.
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INTRODUCTION

Soil-transmitted helminths (STH)
are a group of parasitic nematode worms
that afflict humans through the ingestion
of infective eggs or contact with larvae.
The three main STH which cause com-
mon clinical disorders in man are Ascaris
lumbricoides, Trichuris trichiura and hook-
worms (Ancylostoma duodenale and Necator
americanus). The morbidity caused by STH
is most commonly associated with infec-
tions of moderate to heavy intensity (Neva
and Brown, 1994; Nokes and Bundy, 1994).
STH live for years as adult worms in
the human gastrointestinal tract. Recent
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estimates of global prevalence suggest
A. lumbricoides infects 800 million people
and T. trichiura and hookworms infect 600
million each (Hotez et al, 2009a,b). The in-
fections are associated with poverty, poor
sanitation, inadequate hygiene, illiteracy,
ecosystem differences and overcrowding
(Crompton, 1999).

STH, traditionally endemic in rural
areas, are increasingly becoming a public
health concern in urban slums of cities in
tropical and subtropical developing coun-
tries of the world (Bundy et al, 1988). The
major endemic regions include southern
and southwestern China, southern India,
Southeast Asia, Sub-Saharan Africa and
Central and South America (de Silva et al,
2003). Schoolchildren are more vulnerable
to infection because of their hygiene and
play habits (Savioli et al, 2002). In 2006,
it was estimated there were 181 million
school-aged children in Sub-Saharan
Africa of whom 89 million were infected
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with one or more parasitic worms (Hotez
and Kamath, 2009).

Infections with STH among school-
children cause malnutrition, intellectual
retardation and cognitive and educational
deficits (WHO, 2005). Studies have shown
such infections have a profound effect on
school performance and attendance and
future economic productivity (Bleakly,
2003; Miguel and Kremer 2003). Recent
studies have shown infection with STH
may increase the host’s susceptibility to
other important illnesses, such as malaria,
tuberculosis and HIV infection (Fincham
et al, 2003; Le Hesran et al, 2004). Hook-
worm infections cause pathological blood
loss leading pregnant women and their
children to a higher risk of death dur-
ing pregnancy and delivery (Drake and
Bundy, 2001).

In most areas where STH infections
are endemic, school-aged children suffer
the greatest burden; hence, attention is
focused on the health of schoolchildren
(WHO, 1995). Infections with STH can
thwart the effort of a country to provide
basic education for its children (Partner-
ship for Child Development, 1997a).
School-based health programs, including
mass deworming exercises, can be deliv-
ered at low cost (PCD, 1997b; Savioli et
al, 2002) and can ultimately contribute to
improvement in child growth, well being,
nutritional status, cognitive ability and
school attendance (Miguel and Kremer,
2003).

As aresult of the growing worldwide
concern about STH infections, more or-
ganizations and countries throughout
the world are committing substantial
resources to helminth control strategies
in order to reduce the burden caused by
STH (Fenwick et al, 2003). Attainment
of effective helminth control is possible
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through simple intervention strategies
which can be achieved at low cost. School-
based interventions offered to school-aged
children are an example of effective low
cost worm control strategies (Bundy and
Guyatt, 1996).

EPIDEMIOLOGY OF STH
IN MALAYSIA

Malaysia is a developing country
with a range of parasitic diseases. Several
studies have been carried out regarding
the prevalence, intensity and clinical
manifestations of intestinal parasitic infec-
tions in Malaysia since the 1970s (Anuar
et al, 1978; Kan, 1982; Hanjeet et al, 1991;
Norhayati et al, 1997; Al-Mekhlafi et al,
2007). The Malaysian Government has
embarked on a comprehensive socioeco-
nomic development program in order
to improve living conditions since 1978.
Despite improvements in health care and
socioeconomic conditions, STH infections
remain a major public concern especially
among the aboriginal populations in Ma-
laysia. A recent study of the prevalence
and intensity of STH among Orang Asli
children revealed 100% of the sampled
population were infected by at least one
or more STH (Al-Mekhlafi et al, 2006).

The epidemiological patterns of STH
infections and their prevalence in Ma-
laysia are similar to other regions of the
world. The majority of infected people fall
within the school going age range (3-14
years), mainly due to the fact that these
children are the most active but least care-
ful about their personal hygiene, hence
the high risk for exposure to sources of
infection. The eggs of the worms or their
larvae enter humans through oral inges-
tion (Ascaris and Trichuris) or by skin pen-
etration (hookworm). The eggs of Ascaris
and Trichuris can remain viable in the soil
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for several months, while the larvae of the
hookworm can remain viable for several
weeks depending on the prevailing envi-
ronmental conditions (Booker et al, 2006).

Prevalence of STH in Malaysia

Table 1 shows a summary of several
prevalence studies cited. Helminthic infec-
tions are a leading public health problem
in the Western Pacific, affecting millions
of children (WHO, 2010). It is common to
find up to 90% of children living in poor
communities with inadequate hygiene
and sanitation who are infected with at
least one STH (WHO, 2010). Reports of
prevalence studies obtained for the period
since the 1970s in Malaysia indicate A.
lumbricoides, T. trichiura and hookworm
(Necator americanus) are the common STH
infections in Malaysia (Table 1). Cases of
mixed infection have been reported by
many authors (Lo, et al, 1979; Hanjeet
etal, 1991; Rajeswari et al, 1994; Norhayati
etal, 1997; Rahmabh et al, 1997, Al-Mekhlafi
et al, 2005, 2007).

As seen in Table 1, Trichuris trichiura
is the most prevalent STH in Malaysia,
while hookworm infection remains low in
all the studies cited. The high prevalence
of Trichuris represents cumulative reinfec-
tion in the host. Its relatively long life span
and higher resistance to many anthelmin-
tic drugs compared to the other STH may
be the reason for this higher prevalence
(Hanjeet et al, 1991; Norhayati et al, 1997).
The low prevalence of hookworm may
be related to the generally unsuitable
soil for hookworm egg development and
maturation in many parts of Malaysia,
being relatively heavy, rather than the
sandy porous soil which is more favorable
(Hanjeet et al, 1991).

The lower prevalence of Trichuris trich-
iura reported by some authors (Table 1)
may be attributed to the role of time in re-
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ducing the infectiveness of this helminth,
since infective stages become un-infective
with time. Density dependent processes
regulate parasite populations; at endemic
equilibrium, the effective reproductive
ratio equals unity, that is, each female re-
places herself (Anderson and May, 1991).

Associated risk factors

Soil-transmitted helminths are impor-
tant causes of chronic human infections in
the world. Infections are common among
rural and squatter populations. The main
risk factors for infection include houses
without cement floors, lack of health
and hygiene education, lack of potable
drinking water, poor latrines and children
walking barefooted. Other factors includ-
ing overcrowding and poor sanitation in
urban centers (Harhay et al, 2010). Hel-
minths do not reproduce within human
hosts, therefore, high worm burdens are
the result of frequent infections and re-
infections acquired through contact with
or ingestion of infected matter (Miguel
and Kremer, 2003).

In Malaysia, risk factors associated
with infection, reported by previous stud-
ies, include poor household hygiene,
large family size in the household, poor
socioeconomic status, cultural factors,
lack of proper environmental sanitation,
poor water supply, maternal employment
status and illiteracy (Anuar et al, 1978;
Bundy et al, 1988; Kan, 1989; Rajeswari
etal, 1994; Norhayati et al, 1997; Al-Mekhlafi
et al, 2006, 2007).

Malaysia is a developing nation in the
process of becoming a developed coun-
try. An important aspect of this vision is
improving the quality of life of people.
Although these efforts have been success-
ful in most communities, it has not been
very successful among lower classes in
society, especially among the Orang Asli
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(Aborigines) who comprise about 5% of
the country’s population (Rajeswari et al,
1994). Several studies have demonstrated
a high prevalence of A. lumbricoides, T.
trichiura and N. americanus infections
among underpriviledged communities,
such as the Aborigines (Norhayati et al,
1995, 2003; Al-Mekhlafi et al, 2005, 2006,
2007), estate workers (Sinniah et al, 1978;
Kan, 1989; Li, 1990), poor Malay villag-
ers (Anuar et al, 1978; Rahmabh et al, 1997;
Zulkifli et al, 2000) and squatter areas/
urban slums (Bundy ef al, 1988; Hanjeet
et al, 1991). In urban areas with better
standards of living, recent studies indi-
cate lower prevalence rates (Mahmood
et al, 2002; Jamaiah and Rohela, 2005).
In Malaysia, as in other developing
countries of the world, helminthiasis has
remained a disease of poverty, since there
is a strong correlation between parental
socio-economic status and helminthiases
in children (Bundy et al, 1988; Norhayati
et al, 2003; Al-Mekhlafi et al, 2006).

Some authors have reported tradi-
tional or cultural foods and eating habits
exhibited by various races in Malaysia
may contribute to helminthiases. For
instance, Kan (1982), Bundy et al (1988)
and Hanjeet et al (1991) found higher
prevalences of STH infections among
Indians and Malays compared to Chinese
in Malaysia, possibly due to traditional
practices of food preparation and eating
with fingers practised by these groups,
since these habits usually increase the
chances of exposure to infection.

Most studies report a higher preva-
lence of infection among schoolchildren
6 — 15 years old (Rajeswari et al, 1994;
Mahmood et al, 2002; Norhayati et al,
2003). However, infection rates have
also been reported in adult populations,
such as plantation workers (Sinniah et al,
1978; Zahedi et al, 1980). The higher rate
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of infection among school-aged children
makes a strong case for control programs
to target children in particular and the
community in general (Drake and Bundy,
2001). The Partnership for Child Develop-
ment (1997b) strongly recommends the
use of schools as venues for implementa-
tion of worm control programs.

EFFECTS OF STH ON CHILDREN

Infection with STH is a major source
of disease and malnutrition in schoolchil-
dren. Infected children tend to be physi-
cally unfit, underweight and are as much
as four times more likely to be stunted
than their healthy counterparts. They also
suffer from learning disabilities and have
academic problems (WHO, 2010). Many
children in low income groups under-
achieve and may never realize their full
potential (Drake and Bundy, 2001) since
STH may have a detrimental effect on both
the physical and intellectual development
(Drake and Bundy, 2001; Norhayati et al,
2003). The most common effect on health
is a subtle constraint on normal physical
development, resulting in children failing
to achieve their potential for growth and
suffering from the clinical consequences
of iron deficiency anemia and other nu-
tritional deficiencies (Drake and Bundy,
2001).

Heavy burdens of both Ascaris lum-
bricoides and Trichuris trichiura are asso-
ciated with protein energy malnutrition
(Stephenson et al, 1993; Al-Mekhlafi et al,
2005). Intense trichuriasis in children
results in Trichuris dysentery syndrome,
which causes growth retardation and ane-
mia (Bundy and Cooper, 1989; Li, 1990).
Moderate to heavy hookworm burdens
are a major cause of iron deficiency ane-
mia (Nokes et al, 1992; Al-Mekhlafi et al,
2007). Ascariasis is associated with deficits
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in growth among primary schoolchildren
(Mahendra et al, 1997). There is increas-
ing evidence these infections can have a
detrimental effect on cognition and edu-
cational achievement in children (Nokes
et al, 1992; Sternberg et al, 1997; Ahmed
et al, 2003). Helminthiasis in children
causes under nutrition which is associated
with low scores on achievement and intel-
ligent tests (Lozoff et al, 1998). In another
cross-sectional study (Nokes and Bundy,
1993), more heavily infected individuals
were absent from school twice as often as
their un-infected counterparts, missing
the opportunity to benefit fully from the
education offered at schools.

The disability adjusted life years
(DALYs) lost to STH are enormous in
comparison with other infections (Chan,
1997). Such high DALYs are attributed to
link between ascariasis and stunting and
wasting, between hookworm infection
and anemia and between trichuriasis
and poor school performance (Li, 1990;
Nokes et al, 1992; Savioli et al, 2004). An-
other important aspect of helminthiasis
is predisposition to re-infection following
treatment is common (Chan et al, 1992).
In highly endemic areas, re-infection can
occur as early as two months post-treat-
ment and by four months nearly half the
treated population becomes re-infected
(Norhayati et al, 1997). A growing body of
evidence suggests that the effects of infec-
tion due to STH is underestimated (Drake
and Bundy, 2001). Clinical consequences
of infection can manifest themselves at
much lower worm burdens than previ-
ously thought (Nokes et al, 1992). Since
children suffer at an age when they are
both growing and learning, the entire
developmental process is placed in jeop-
ardy (Drake and Bundy, 2001). However,
the effect of STH infection can be reversed
through chemotherapy using cheap and
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safe drugs (Stephenson et al, 1993).

THE NEED FOR SCHOOL-BASED
INTERVENTION IN MALAYSIA

Intestinal helminthiases are a public
health concern in Malaysia, especially
in the rural and aboriginal communities
(Al-Mekhlafi et al, 2006, 2007; WHO, 2008).
Efforts made to control STH infections
are minimal compared to other health
activities (Norhayati et al, 2003). There
is no national policy in Malaysia for the
prevention and control of these infections.
Instead, their control is integrated into
the national environmental sanitation
program, with a view to educating the
public on personal hygiene, environmen-
tal sanitation and to give anthelminthic
treatment to children (Norhayati et al,
2003). According to the Ministry of Health
(MOH) Malaysia (2008), the problem is
well controlled and localized in specific
areas and populations, such as the Ab-
origines and those living in remote areas.
An ongoing deworming program has
been carried out in maternal and child
clinics, mobile clinics provided in rural
areas, aboriginal settlements and school
health programs (MOH, 2008).

However, some studies conducted
recently indicate high prevalence rates of
STH (Sagin et al, 2002; Al-Mekhlafi et al,
2006, 2007, 2008). Many studies still advo-
cate continued health education, sanita-
tion improvement and periodic deworm-
ing in order to achieve worm reduction
and curtail transmission (Norhayati et al,
1995; Rahmabh et al, 1997; Al-Mekhlafi et al,
2007). These can be effectively achieved
by school-based intervention programs.
Children below age 15 years constitute
40% of the population of Malaysia, most
of them are prone to infections which pose
a threat to the community (Rajeswari et al,
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1994). Therefore, this problems needs
focused attention by the government.
Regular treatment of school-aged children
and other groups at risk (such as pregnant
women, pre-school children and special
occupation groups) will help to avoid the
worst effects of infection even if there is
no improvement in safe water supply or
sanitation (Savioli et al, 2002).

The World Health Organization
proposes preventive chemotherapy as a
measure for reducing morbidity due to
STH infections. They state early and regu-
lar administration of anthelminthic drugs
recommended by the WHO, contribute
to a sustained reduction in transmission,
reduce occurrence, severity, extent and
long term consequences of morbidity due
to STH (WHO, 2006). In the year 2001, the
World Health Assembly passed a resolu-
tion urging all member states to provide
and ensure access to essential drugs
against STH in all endemic areas, for the
treatment of clinical cases and groups at
risk, such as children and women (WHO,
2001). It set a global target to offer regular
deworming (single dose of albendazole,
400 mg, twice a year) to at least 75% of
all school aged children at risk for STH
infections by the year 2010 (WHO, 2001).

In 2004, Cambodia was the first coun-
try in the southwestern Pacific region
to reach the WHO target by regularly
providing anthelminthic drugs to 84%
of its school-aged children (WHO, 2010).
School-based deworming programs were
also introduced in Kiribati, Tonga, Tuvalu,
Fiji and Vanuatu (WHO, 2010). Treatment
with any of the anthelminthic drugs on the
WHO essential drugs list (albendazole,
levamisole, mebendazole or pyrantel) is
safe, even when given to an uninfected
person, and thus there is no need for in-
dividual screening (de Silva et al, 2003).
Since re-infection can occur as early as

Vol 42 No.3 May 2011

two months after treatment (Norhayati
et al, 1995), repeated chemotherapy may
be conducted at least once every three
months to cover the whole of the vulner-
able population (Thien et al, 1987).

A countrywide, school-based helminth
control program has not been implemented
in Malaysia. It is time for the country to
embark on such a laudable program for
effective worm eradication in the coun-
try. A helminth control program using
chemotherapy can be introduced at a
relatively low cost into established health
care programs since the drugs are cheap
and available (de Silva, 2003). The esti-
mated cost per treatment, as evidenced by
programs in Tanzania and Nigeria, ranges
from USDO0.21 to USDO.51 per child (WHO,
2002). By training teachers and other school
officials to administer anthelmintic drugs,
the system could achieve even lower costs.
In Ghana and Tanzania, it was reported the
delivery of school-based targeted anthel-
mintic single treatment with albendazole
or mebendazole, costs as little as USD 0.05
per child (WHO, 2002).

The lymphatic filariasis elimination
program has been carried out for years in
filariasis endemic areas of Malaysia. Al-
bendazole is used as the drug of choice for
the filariasis elimination program and in
the treatment of soil transmitted helminth
infections (Sunish et al, 2006). It is readily
available, cheap, effective and safe to use
by all people. The countrywide helminth
control program can be combined with the
filariasis program by the government. The
treatment regimens can be increased from
once yearly treatment to twice or thrice
yearly to cover the whole of the vulner-
able population. When the programs are
conducted concurrently, even greater cost
effectiveness can be achieved in addition
to the positive impact on the population
(Ottesen et al, 1999).
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School-based deworming programs
are cost effective in boosting school par-
ticipation. In Kenya, one such program
reduced absenteeism by 25% among
schoolchildren (Miguel and Kremer, 2003).
In Tanzania, the program reaches 98% of
enrolled schoolchildren and 60% of non-
enrolled school - aged children by simply
inviting their siblings and friends to the
deworming day at school (Montressor
et al, 2001). Mass deworming programs
have also been successful in the Republic
of Korea with the aid of a NGO, the Ko-
rea Association for Parasite Eradication,
which was supported by the government
to screen and administer anthelminthic
drugs to schoolchildren throughout the
country from 1969 to 1995. School-based
programs offer the opportunity to deliver
public health intervention to a great num-
ber of beneficiaries at a relatively low cost.

Where the prevalence of STH infec-
tion among schoolchildren is >20%, the
program may be better achieved by mass
drug administration (WHO, 2006). Where
the prevalence is <20%, it can be man-
aged by targeted chemotherapy. Some
problems that hinder the full realization
of this program, such as parental consent
and child compliance, may be addressed
by organized public enlightenment cam-
paigns in public places and through mass
media.

Since the program also targets non-
school-going children, who are usually
the most affected group (Beasley et al,
2000), it serves as a major step towards
complete worm eradication in a popula-
tion. Failure to treat school-aged children
hampers child development, yields a
generation of adults disadvantaged by the
consequences of infection and compro-
mises the economic development of their
communities and nation (Partnership for
Child Development, 1997a)
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CONCLUSION

Malaysia is striving to become a de-
veloped nation. Efforts are being made
to improve the quality of the lives of
people. However, the prevalence of soil-
transmitted helminthiases has remained
high, especially among underprivileged
citizens with poor socio-economic levels,
poor literacy levels, poor personal and
environmental hygiene and poverty. The
climatic conditions of the country also
favor parasite development.

Infections with STH cause malnutri-
tion, intellectual retardation, cognitive
deficits, poor school performance, absen-
teeism, poor economic productivity and
increased susceptibility to other deadly
diseases. Meaningful and proper eco-
nomic and social development can only
be achieved by a healthy society, hence the
need for a countrywide worm eradication
program through periodic deworming
and chemotherapy. Effective worm con-
trol could be accomplished at a low cost
to cover the whole vulnerable popula-
tion through school-based intervention
programs, since even non-target indi-
viduals can be reached by this program.
The program can be incorporated into
an existing national health care scheme,
such as the filariasis control program. To
achieve desired development, we need
to boost health of our citizens through
school-based STH intervention programs.

REFERENCES

Ahmed A, Oniye SJ, Nock IH. Intestinal para-
sitoses in relation to growth and academic
performance of students in Katsina State,
Nigeria. | Trop Biosci 2003; 3: 42-7.

Al-Mekhlafi HM, Atiya AS, Lim YAL, et al.
An unceasing problem: soil-transmitted
helminthiases in rural Malaysian com-
munities. Southeast Asian | Trop Med Public

Vol 42 No.3 May 2011



SOIL-TRANSMITTED HELMINTHIASES IN M ALAYSIA

Health 2007; 38: 998-1007.

Al-Mekhlafi HM, Azlin M, Nor Aini U, et al.
Malnutrition and soil-transmitted hel-
minthiases among Orang Asli children in
Selangor, Malaysia. Asia Pac | Clin Nutr
2005; 14: 188-94.

Al-Mekhlafi HM, Azlin M, Nor Aini U, et al.
Prevalence and distribution of soil-trans-
mitted helminthiases among Orang Asli
children living in peripheral Selangor,
Malaysia. Southeast Asian | Trop Med Public
Health 2006; 37: 40-7.

Anderson RM, May RM. Infectious diseases
of humans. Oxford: Oxford University
Press, 1991.

Al-Mekhlafi HM, Surin J, Atiya AS, et al. Pat-
tern and predictors of soil-transmitted
helminth re-infection among aboriginal
school children in rural peninsular Malay-
sia. Acta Trop 2008; 107: 200-4.

Anuar K, Ramachandran CP, Paran TP. Parasitic
diseases among fishermen living on Pen-
ang Island. Med | Malaysia 1978; 32: 321-7.

Beasley NM, Hall A, Tomkins AM, et al. The
health of enrolled and non enrolled chil-
dren of school-age in Tanga, Tanzania. Acta
Trop 2000; 76: 223-9.

Bleakly H. ‘Disease and Development’: Evi-
dence from hookworm eradication in the
American south. Q | Econ 2003; 1: 376-86.

Brooker S, Clements ACA, Bundy DAP. Global
epidemiology, ecology and control of STH
infections. Adv Parasitol 2006; 62: 221-61.

Bundy DAP, Cooper ES. Trichuris and trichu-
riasis in humans. Adv Parasitol 1989; 28:
107-73.

Bundy DAP, Guyatt HL. Schools for health:
Focus on health, education and the school-
aged child. Parasitol Today 1996; 12: 1-16.

Bundy DAP, Kan SP, Rose R. Age related preva-
lence, intensity and frequency distribution
of gastrointestinal helminth infection in
urban school children from Kuala Lumpur,
Malaysia. Trans R Soc Trop Med Hyg 1988;
82:289-94.

Chan L, Kan SP, Bundy DAP. The effect of

Vol 42 No.3 May 2011

repeated chemotherapy on age-related
pre disposition to Ascaris lumbricoides and
Trichuris trichiura. Parasitology 1992; 104:
371-7.

Chan MS. The global burden of intestinal nema-
tode infections — Fifty years on. Parasitol
Today 1997; 13: 438-43.

Crompton DW. How much human helminthia-
sis is there in the world? | Parasitol 1999;
85: 397-403.

De Silva NR. Impact of mass chemotherapy
on the morbidity due to soil transmitted
nematodes. Acta Trop 2003; 86: 197-214.

De Silva NR, Brooker PJ, Hotez A, Montressor
DE, Savioli L. Soil transmitted helminth
infections: Updating the global picture.
Trends Parasitol 2003; 19: 547-51.

Drake L], Bundy DAP. Multiple helminth in-
fections in children: impact and control.
Parasitology 2001; 122: 573-81.

Fenwick A, Savioli L, Engels D, Bergquist RN,
Todd MH. Drugs for the control of para-
sitic diseases: Current status and develop-
ment in schistosomiasis. Trends Parasitol
2003; 19: 509-15.

Fincham JE, Markus, MB, Adams VJ. Could
control of soil transmitted helminthic in-
fection influence the HIV/AIDS pandemic?
Acta Trop 2003; 86: 315-33.

George ], OwYang CK. Prevalence of soil
transmitted helminths in school children
in the Federal Territory of Malaysia. Med
] Malaysia 1982; 37: 35-9.

Hakim LS, Gan CC, Malkit K, et al. Parasitic
infections among Orang Asli (Aborigi-
nes) in the Cameron highlands, Malaysia.
Southeast Asian | Trop Med Public Health.
2007; 38: 415-9.

Hamimah J, Zahedi M, Ainiyah AJ. The
prevalence of intestinal parasites among
children at the General Hospital, Kuala
Lumpur. Med | Malaysia 1982; 37: 373-7.

Hanjeet K, Lai PF, OwYang CK, Mathias RG.
Soil Transmitted Helminthiases in squatter

populations around Kuala Lumpur by eth-
nic distribution. Trop Biomed 1991; 8: 33-7.

535



SOUTHEAST ASIAN | TRoP MED PusLic HEALTH

Harhay MO, Horton J, Olliaro PL. Epidemiol-
ogy and control of human gastrointestinal
parasites in children. Expert Rev Anti Infect
Ther 2010; 8: 219-34.

Hidayah NI, Teoh ST, Hillman E. Socio envi-
ronmental predictors of soil transmitted
helminthiases in a rural community in
Malaysia. Southeast Asian | Trop Med Public
Health 1997; 28: 811-8.

Hong ST, Chai JY, Choi MH, et al. A successful
experience of soil transmitted helminth
control in the Republic of Korea. Korean |
Parasitol 2006; 44: 177-85.

Hotez PJ, Fenwick A, Savioli L, Molyneux DH.
Rescuing the bottom billion through con-
trol of neglected tropical diseases. Lancet
2009a; 373: 1570-5.

Hotez PJ, Kamath A. Neglected tropical dis-
eases in Sub-Saharan Africa: Review of
their prevalence, distribution and disease
burden. PLoS Negl Trop Dis 2009b; 3: 412.

Jamaiah I, Rohela M. Prevalence of intestinal
parasites among members of the publicin
Kuala Lumpur, Malysia. Southeast Asian |
Trop Med Public Health 2005; 36: 68-71.

Kan SP. Soil transmitted helminthiases in
Selangor, Malaysia. Med | Malaysia 1982;
37:180-90.

Kan SP. Soil transmitted helminthiases among
inhabitants of an oil palm plantation in
West Malaysia. | Trop Med Hyg 1989; 92:
263-9.

Kan SP, Poon GK. Prevalence, distribution and
intensity of soil-transmitted helminthiasis
among Malaysian children. Public Health
1987; 101: 243-51.

Le Hesran JY, Akiana ], Ndiaye HM, Dia M,
Senghor P, Konate L. Severe malaria at-
tack is associated with high prevalence
of Ascaris lumbricoides among children in
rural Senegal. Trans R Soc Trop Med Hyg
2004; 98: 397-9.

Li CF. Hookworm infection and protein energy
malnutrition: Transverse evidence from
two Malaysian ecological groups. Trop
Geogr Med 1990; 42: 8-12.

536

Lo EK, Varughese J, Ghouse A, Noor M.
Helminthiases in Peninsular Malaysia —
prevalence and density of infestation of
hookworm, Ascaris and Trichuris in rural
school children. Med | Malaysia 1979; 34:
95-9.

Lozoff B, Klein NK, Nelson EC, McClish DK,
Manuel M, Chacon ME. Behaviour of in-
fants with iron deficiency anaemia. Child
Dev 1998; 1: 24-36.

Mahendra SR, Sein KT, Anuar K, Mustaffa
BE. Intestinal helminthiases in relation to
height and weight of early primary school
children in north eastern peninsular Ma-
laysia. Southeast Asian | Trop Med Public
Health 1997; 28: 314-20.

Mahmood AA, Anuar K, Sidik K, et al. Com-
parison of prevalence of intestinal para-
sitic infections in school children in Kuala
Lumpur. | Univ Malaya Med Centre 2002;
2:118-21.

Miguel EA, Kremer M. Worms: Identifying
impacts on education and health in the
presence of treatment externalities. Econo-
metrica 2003; 72:159-217.

Ministry of Health-(MOH) Malaysia. Review
on the epidemiological profile of helmin-
thiases and their control in the Western
Pacific Region, 1997-2008. Manila: WHO
WPRO, 2008: 32-33.

Montressor A, Ramson M, Chwaya HM, et al.
Extending anthelminthic coverage to
non-enrolled school-age children using a
simple and low cost method. ] Trop Med
Int Health 2001; 6: 535-7.

Nava FA, Brown HW. Basis clinical parasitol-
ogy. 6" ed. Connecticut: Prentice-Hall
International, 1994.

Nokes C, Bundy DAP. Compliance and absen-
teeism in school children: implications for
helminth control. Trans R Soc Trop Med Hyg
1993; 87: 148-52.

Nokes C, Bundy DAP. Does helminth infection
affect mental processing and educational
achievement? Parasitol Today 1994; 10: 14-8.

Nokes C, Grantham-McGregor SM, Sawyer

Vol 42 No.3 May 2011



SOIL-TRANSMITTED HELMINTHIASES IN M ALAYSIA

AW, Cooper ES, Robinson BA, Bundy
DAP. Moderate to heavy infections with
Trichuris trichiura affect cognitive function
in Jamaican school children. Parasitology
1992; 104: 539-47.

Norhayati M, Fatmah MS, Yusof S, Edaria AB.
Intestinal parasitic infections in man: A
review. Med | Malaysia 2003; 58: 296-305.

Norhayati M, Oothuman P, Fatmah MS, Muzai-
minudin Y, Zainuddin B. Hookworm
infection and re-infection following treat-
ment among Orang Asli children. Med |
Malaysia 1995; 50: 314-9.

Norhayati M, Zainudin B, Mohammad CG,
Oothuman P, Azizi O, Fatmah MS. The
prevalence of Trichuris, Ascaris and hook-
worm infection in Orang Asli children.
Southeast Asian | Trop Med Public Health
1997; 28: 161-8.

Ottesen EA, Ismail MM and Horton J. The role
of albendazole in programmes to elimi-

nate lymphatic filariasis. Parasitol Today
1999;15: 382-6.

Partnership for Child Development. This
wormy world: Fifty years on. The chal-
lenge of controlling common helmin-
thiases of humans today. Parasitol Today
1997a; 13.

Partnership for Child Development (PCD).
Better health, nutrition and education for
the school-aged child. Trans R Soci Trop Med
Hyg 1997b; 91: 1-2.

Rahmah N, Ariff RHT, Abdullah B, Shariman
MSM, Nazli MSM, Rizal MZM. Parasitic
infections among Aborigine children at
Post Brooke, Kelantan, Malaysia. Med |
Malaysia 1997; 52: 412-5.

Rajeswari B, Sinniah B, Hasnah H. Socio-
economic factors associated with intes-
tinal parasites among children living in
Gombak, Malaysia. Asia Pac ] Public Health
1994, 7: 21-5.

Sagin DD, Mohammed M, Isma’il G, Jok J],
Lim LH, Pui JNF. Intestinal parasitic infec-
tions among five interior communities at
upper Rejang river, Sarawak, Malaysia.

Vol 42 No.3 May 2011

Southeast Asian | Trop Med Public Health
2002; 33: 18-22.

Savioli L, Albonico M, Engels D, Montressor
A. Progress in the prevention and control
of schistosomiasis and soil-transmitted
helminthiasis. Parasitol Int 2004; 53: 103-13.

Savioli L, Stansfield S, Bundy DAP, et al. Schis-
tosomiasis and soil-transmitted helminth
infections: Forging control efforts. Trans R
Soci Trop Med Hyg 2002; 96: 577-9.

Sinniah B. Intestinal protozoan and helminth
infections and control of soil-transmitted
helminths in Malay school children. Public
Health 1984; 98: 152-6.

Sinniah B, Manmohan S, Poon GK. Prevalence
of parasitic infection in Malaysian oil palm
estate workers. Southeast Asian | Trop Med
Public Health 1978; 9: 272-6.

Stephenson LS, Latham MC, Adams EJ, Kinoti
SN, Pertet A. Physical fitness, growth
and appetite of Kenyan school boys with
hookworm, Trichuris trichiura and Ascaris
lumbricoides infections are improved four
months after a single dose albendazole.
J Nutr 1993; 123: 1036-46.

Sternberg R], Powell C, McGrane P, Grantham-
McGregor S. Effect of parasitic infections
on cognitive functioning. | Exp Psycho
1997; 3: 67-76.

Sunish IP, Rajendran R, Mani TR, Dash AP,
Tyagi BK. Evidence for the use of alben-
dazole for the elimination of lymphatic
filariasis. Lancet 2006; 6: 125-6.

Thien H, Than S, Myint L. Reinfection of people
with Ascaris lumbricoides following, 6
months and 12 months interval mass che-
motheraphy in Okpo village, rural Burma.
Trans R Soci Trop Med Hyg 1987; 8: 140-6.

World Health Organization (WHO). Health of
school children. Treatment of intestinal
helminths and schistosomiasis. Geneva:
WHO, 1995.

World Health Organization (WHO). Report of
the World Health Assembly, A54/10. Con-

trol of schistosomiasis and soil-transmitted
helminth infections. Geneva: WHO, 2001.

537



SOUTHEAST ASIAN | TRoP MED PusLic HEALTH

World Health Organization (WHO). Preven-
tion and control of schistosomiasis and
soil-transmitted helminthiasis. WHO Techn
Rep Ser 2002: 912.

World Health Organization (WHO). Deworm-
ing for health and development. Report
of the third global meeting of the part-
ners for parasite control. Geneva: WHO,
2005.

World Health Organization (WHO). Preventive
chemotheraphy in human helminthiasis.
Coordinated use of anthelminthic drugs
in control interventions: A manual for
health professionals and programme
managers. Geneva: WHO, 2006.

World Health Organization (WHO). Review on

538

the epidemiological profile of helminthia-
ses and their control in the Western Pacific
region, 1997-2008. Geneva: WHO, 2008.

World Health Organization (WHO). Health
report of the regional office for the Western
Pacific Region. Geneva: WHO, 2010.

ZahediM, Sabapathy NN, Oothuman P, AbuBa-
kar N. Intestinal nematode infections and
efficacy study of oxantel-pyrantel pamoate

among plantation workers. Med | Malaysia
1980; 35: 31-7.

Zulkifli A, Anuar, K, Atiya AS, Yano A. The
prevalence of malnutrition and geohel-
minth infections among primary school

children in rural Kelantan. Southeast Asian
J Trop Med Public Health 2000; 31: 339-45.

Vol 42 No.3 May 2011



