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a b s t r a c t

The current widespread school-based control of soil-transmitted helminth (STH) infections
is also advocated for preschool children. The objective of this study was to assess infection
with STHs as well as their determinants in preschool children (<60 months) in southern
rural Lao People’s Democratic Republic (Lao PDR). A cluster survey was carried out from
October to December 2006 in three districts of Savannakhet Province. The prevalence of
Ascaris lumbricoides, hookworm and Trichuris trichiura was 27.4% (95% CI 27.0–27.6%), 10.9%
(95% CI 10.7–11.0%) and 10.9% (95% CI 10.7–11.1%), respectively. Of the children studied,
28.4% had a monoparasitic infection and 9.3% had a polyparasitic infection. Older children
had a higher risk for hookworm infection [odds ratio (OR) = 1.75, 95% CI 1.03–3.01; P =
0.041] and multiple infections (OR = 1.81, 95% CI 1.01–3.20; P = 0.044). Low socioeconomic
isk factors
aos
reschool children

status was associated with A. lumbricoides (OR = 0.61, 95% CI 0.38–0.98; P = 0.043) and
monoparasitic infections (OR = 0.62, 95% CI 0.38–0.99; P = 0.049). In Lao PDR, deworming
of preschool children is warranted. Preventive measures should address important risk
factors. Health education regarding personal hygiene, appropriate water management and
the construction and proper use of latrines are additional essential elements.

yal Soc
© 2010 Ro

. Introduction

Globally, 130 countries are endemic for soil-transmitted
elminth (STH) infections. Worldwide, 878 million school-
ged children and an estimated 386 million preschool

hildren are at risk.1 The impact of STHs on health is due
o their presence over a long period of time, their accu-

ulation over time and exacerbation of malnutrition in
hildren.
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Acute complications may occur, e.g. Ascaris lumbricoides
infection may lead to appendicitis,2 duodenal ulcer, bowel
obstruction, obstructive jaundice and hepatic abscesses,3

among others. STHs have also been associated with stunted
growth and impaired cognitive function in children.4 Hook-
worm causes anaemia and is often associated with A.
lumbricoides and Trichuris trichiura infections.5–7 In many
cases children living in poverty are parasitised with all
three STHs.8

In Lao People’s Democratic Republic (Lao PDR), the
prevalence of STH infection in school-aged children is

extensive. A country wide study identified high prevalence
rates of A. lumbricoides (34.9%), hookworm (19.1%) and T.
trichiura (25.8%).9 Several other studies conducted over the
last few years documented a high prevalence of STHs in
schoolchildren in different provinces. This information has

ygiene. Published by Elsevier Ltd. All rights reserved.
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led to the nationwide school-based deworming campaigns
with albendazole (400 mg) or mebendazole (500 mg) once
a year.10 Recent efforts have been directed at extending the
intervention to preschool children aged 2–5 years as well
as integrating vitamin A supplementation and vaccination.
However, information on this age group is scarce. Thus, it is
unclear whether the infection status of preschool children
warrants regular preventive chemotherapy.

In the present study, the prevalence, intensity and
determinants of infection as well as multiple infections
with STHs in preschool-aged children were assessed. A ran-
dom cluster survey was conducted in three rural districts of
Savannakhet Province, Lao PDR. A stool sample from each
child was examined for STHs, and the parents or legal care
takers were interviewed regarding the presence of poten-
tial risk factors.

2. Materials and methods

2.1. Study area

Savannakhet Province is located some 650 km south of
the capital city Vientiane. Sepol, Nong and Vilabury dis-
tricts were selected for this study as they are among the
poorest districts in Lao PDR. The districts are characterised
by a scattered population with a high proportion of ethnic
minorities, poor road conditions, and weak preventive and
curative health services.

2.2. Data collection

This study was carried out between October and
December 2006. A total of 1924 households in 80 ran-
domly selected villages was visited by four survey teams.
The households and villages were selected from the list
of the 2005 census. The selection procedure followed
the Expanded Programme on Immunization cluster sam-
pling procedures.11 All children from aged 12–59 months
(preschool) were included in the study. A questionnaire
was filled out with the parents or legal guardian of the child.
Prior to enrolment, oral informed consent was obtained
from the parents or legal guardian of the child.

2.3. Assessment of risk factors

Socioeconomic and demographic information as well
as information on risky behaviour of the child and other
household members was collected. Potential risk factors
were age, sex, mother’s educational level, availability and
use of a latrine in the household, and access to safe drink-
ing water. Parents were asked to report on ill health of the
child within the last 2 weeks.
Proxy markers of household socioeconomic status (SES)
were household ownership of assets, housing characteris-
tics, and education and occupation of the household head.
Household assets comprised ownership of a car, motorcy-
cle, radio, bicycle and animals such as cows, goats, pigs,
horses, chickens and ducks. Household level characteristics
included ownership of the house and type of roofing.
ropical Medicine and Hygiene 105 (2011) 160–166 161

2.4. Stool sample collection and analysis

Labelled stool containers were provided to the parents
of each child. The filled containers were collected the fol-
lowing morning and were transported by public bus in
a cooled ice-box to the National Center for Laboratory
and Epidemiology, Vientiane. Examination was performed
within 24 h after collection. One Kato–Katz thick smear
was performed on each stool sample.12 On each slide,
eggs for each parasite species were counted and recorded.
The intensity of infection [eggs per gram of stool (EPG)]
was calculated for each parasite species. Individuals were
categorised as having light, moderate or heavy infections
based on the criteria of the WHO:13–15 A. lumbricoides:
light, 0–4999 EPG; moderate, 5000–49 999 EPG; and heavy,
≥50 000 EPG; T. trichiura: light, 0–999 EPG; moderate,
1000–9999 EPG; and heavy, ≥10 000 EPG; and hookworm:
light, 0–399 EPG; moderate, 400–2999 EPG; and heavy,
≥3000 EPG.

2.5. Data analysis

Data were double-entered in Epi Info v.6.04 (CDC,
Atlanta, GA, USA) and validated. SPSS statistical package
v16.0 (SPSS Inc., Chicago, IL, USA) was used for analysis.
Descriptive statistics were carried out. Frequencies were
calculated for categorical variables (prevalence, etc.). In
the univariate analysis, risk factors were associated with
infection status. The odds ratio (OR) and 95% CI were deter-
mined, and �2 and Fisher’s exact tests were used.

The household wealth index was the weighted sum of
household characteristics and different consumer durables
owned by the household. The weights for the variables
in the index were generated using principal components
analysis on the correlation matrix.16 In this survey, house-
holds were categorised into one of five equal-sized groups
(quintiles) from the most poor to the least poor.

In the multiple logistic regression, the presence of
helminth infection (outcome) was predicted with risk fac-
tors. Variables with a P-value of <0.2 in the univariate
analysis were included as predictors. ORs and 95% CIs were
reported. P-values of <0.05 were regarded as significant.

3. Results

A total of 1504 preschool-aged children were identified
in the 1924 households. In total, 570 children (37.9%) pro-
vided a faecal specimen, of which 215 (37.7%) specimens
contained at least one STH. The prevalence of infection with
A. lumbricoides, T. trichiura and hookworm was 27.4%, 10.9%
and 10.9%, respectively. Table 1 summarises the infection
rates by risk group.

Regarding the intensity of infection, 11.2% of children
had a heavy A. lumbricoides infection (Table 2). Infections
with T. trichiura and hookworm were light or moder-

ately intense; there were no children with heavy infection
intensities with hookworm or T. trichiura. Infection with
multiple parasite species was diagnosed in 53 children
(9.3%), comprising 7.5% infected with two parasite species
and 1.8% infected with all three parasite species.
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Table 1
Soil-transmitted helminth infections among 570 preschool children in southern Lao PDR

Characteristic No. of children Children infected with [n (%)]:

Ascaris lumbricoides Hookworm Trichuris trichiura Single parasite Multiple parasites

Sex
Male 277 68 (24.5) 32 (11.6) 27 (9.7) 77 (27.8) 23 (8.3)
Female 293 88 (30.0) 30 (10.2) 35 (11.9) 85 (29.0) 30 (10.2)

Age group (months)
12–23 146 34 (23.3) 4 (2.7) 6 (4.1) 41 (28.1) 1 (0.7)
24–35 145 47 (32.4) 20 (13.8) 21 (14.5) 43 (29.7) 19 (13.1)
36–47 155 35 (22.6) 19 (12.3) 16 (10.3) 37 (23.9) 14 (9.0)
48–59 124 40 (32.3) 19 (15.3) 19 (15.3) 41 (33.1) 19 (15.3)

Diarrhoea in last 2 weeks
Yes 64 19 (29.7) 7 (10.9) 5 (7.8) 22 (34.4) 2 (3.1)
No 506 137 (27.1) 55 (10.9) 57 (11.3) 140 (27.7) 51 (10.1)

Location
Sepol 351 107 (30.5) 31 (8.8) 34 (9.7) 107 (30.5) 30 (8.5)
Nong 169 48 (28.4) 30 (17.8) 28 (16.6) 53 (31.4) 23 (13.6)
Vilabury 50 1 (2.0) 1 (2.0) 0 2 (4.0) 0

No. of household members
<4 185 45 (24.3) 20 (10.8) 20 (10.8) 44 (23.8) 17 (9.2)
5–7 261 74 (28.4) 26 (10.0) 29 (11.1) 74 (28.4) 27 (10.3)
8–10 100 31 (31.0) 10 (10.0) 8 (8.0) 34 (34.0) 6 (6.0)
>10 24 6 (25.0) 6 (25.0) 5 (20.8) 10 (41.7) 3 (12.5)

Socioeconomic status
Most poor 174 49 (28.2) 24 (13.8) 18 (10.3) 52 (29.9) 16 (9.2)
Very poor 124 38 (30.6) 15 (12.1) 12 (9.7) 43 (34.7) 11 (8.9)
Poor 81 26 (32.1) 6 (7.4) 8 (9.9) 19 (23.5) 9 (11.1)
Less poor 97 22 (22.7) 7 (7.2) 11 (11.3) 25 (25.8) 7 (7.2)
Least poor 94 21 (22.3) 10 (10.6) 13 (13.8) 23 (24.5) 10 (10.6)

Ownership of a latrine
Yes 54 14 (25.9) 8 (14.8) 7 (13.0) 17 (31.5) 6 (11.1)
No 516 142 (27.5) 54 (10.5) 55 (10.7) 145 (28.1) 47 (9.1)

Access to improved water sources
Yes 86 22 (25.6) 11 (12.8) 9 (10.5) 26 (30.2) 6 (7.0)
No 484 134 (27.7) 51 (10.5) 53 (11.0) 136 (28.1) 47 (9.7)

Mother’s educational level
No education 550 148 (26.9) 61 (11.1) 61 (11.1) 155 (28.2) 52 (9.5)
Primary and higher 20 8 (40.0) 1 (5.0) 1 (5.0) 7 (35.0) 1 (5.0)

Total 570 156 (27.4) 62 (10.9) 62 (10.9) 162 (28.4) 53 (9.3)

Table 2
Infection intensity with soil-transmitted helminths by location in 570 preschool children in southern Lao PDRa

Infection intensity Location Total

Sepol Nong Vilabury

Ascaris lumbricoides
No infection 244 (69.5) 121 (71.6) 49 (98.0) 414 (72.6)
Light 29 (8.3) 18 (10.7) 1 (2.0) 48 (8.4)
Moderate 30 (8.5) 14 (8.3) – 44 (7.7)
Heavy 48 (13.7) 16 (9.5) – 64 (11.2)

Hookworm
No infection 320 (91.2) 139 (82.2) 49 (98.0) 508 (89.1)
Light 25 (7.1) 27 (16.0) 1 (2.0) 53 (9.3)
Moderate 6 (1.7) 3 (1.8) – 9 (1.6)
Heavy – – – –

Trichuris trichiura
No infection 317 (90.3) 141 (83.4) 50 (100.0) 508 (89.1)
Light 28 (8.0) 26 (15.4) – 54 (9.5)
Moderate 6 (1.7) 2 (1.2) – 8 (1.4)
Heavy – – – –

Mono/polyparasitism
No infection 214 (61.0) 93 (55.0) 48 (96.0) 355 (62.3)
Single infection 107 (30.5) 53 (31.4) 2 (4.0) 162 (28.4)
Double infection 26 (7.4) 17 (10.1) – 43 (7.5)
Triple infection 4 (1.1) 6 (3.6) – 10 (1.8)

Total 351 (100.0) 169 (100.0) 50 (100.0) 570 (100.0)

EPG: eggs per gram of stool.
a Based on the criteria of the WHO:13–15 A. lumbricoides: light, 0–4999 EPG; moderate, 5000–49 999 EPG; and heavy, ≥50 000 EPG; T. trichiura: light, 0–999
EPG; moderate, 1000–9999 EPG; and heavy, ≥10 000 EPG; and hookworm: light, 0–399 EPG; moderate, 400–2999 EPG; and heavy, ≥3000 EPG.
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Table 3
Univariate analysis of the association between infection status with soil-transmitted helminths and potential risk factors in preschool children in southern
Lao PDR

Characteristic Children infected with [odds ratio (95% CI)]:

Ascaris lumbricoides Hookworm Trichuris trichiura Single infection Multiple infection

Sex (male/female) 1.3 (0.9–1.9) 0.8 (0.5–1.4) 1.5 (0.7–2.1) 1.1 (0.7–1.5) 0.7 (0.4–1.3)
Age group (months)

12–23 1 1 1 1 1
24–35 1.6 (0.9–2.7) 1.3 (0.6–2.5) 1.6 (0.8–3.2) 1.6 (0.9–2.7) 2.2 (1.03–4.7)
36–47 0.9 (0.6–1.6) 1.1 (0.5–2.2) 1.1 (0.5–2.1) 1.2 (0.7–2.1) 1.3 (0.6–2.6)
48–59 1.6 (0.9–2.8) 6.4 (2.1–19.4) 4.2 (1.6–10.9) 1.8 (1.1–3.1) 3.4 (1.4–5.4)

Had diarrhoea in the last 2 weeks (yes/no) 0.9 (0.5–1.56) 0.9 (0.4–2.3) 1.4 (0.6–3.8) 0.8 (0.4–1.3) 3.2 (0.7–13.6)
Location

Sepol 1 1 1 1 1
Nong 0.05 (0.01–0.3) 0.21 (0.03–1.58) 3.9 (2.3–6.7) 0.08 (0.02–0.35) 1.29 (0.71–2.34)
Vilabury 0.05 (0.01–0.4) 0.09 (0.01–0.71) 0.08 (0.02–0.34)

No. of household members
<4 1 1 1 1 1
5–7 0.84 (0.32–2.21) 2.75 (0.98–7.73) 2.17 (0.73–6.45) 1.60 (0.62–4.17) 2.02 (0.51–7.98)
8–10 1.04 (0.39–2.77) 3.00 (0.97–9.30) 2.11 (0.73–6.06) 2.05 (0.83–5.03) 1.64 (0.43–6.25)
>10 0.74 (0.27–2.05) 3.01 (1.10–8.26) 3.03 (0.89–10.27) 2.73 (1.08–6.88) 2.68 (0.58–12.3)

Socioeconomic status
Most poor 1 1 1 1 1
Very poor 0.73 (0.41–1.32) 1.53 (0.56–4.21) 1.25 (0.53–2.96) 0.99 (0.48–2.02) 0.93 (0.35–2.47)
Poor 0.98 (0.50–1.93) 1.49 (0.52–4.29) 1.39 (0.65–2.98) 0.74 (0.41–1.34) 1.50 (0.54–4.18)
Less poor 0.65 (0.35–1.21) 0.87 (0.37–2.02) 1.46 (0.57–3.73) 0.62 (0.34–1.16) 1.06 (0.42–2.65)
Least poor 0.61 (0.31–1.19) 0.74 (0.34–1.63) 1.50 (0.65–3.45) 0.44 (0.47–1.80) 1.08 (0.46–2.52)

Ownership of a latrine (yes/no) 1.08 (0.57–2.05) 0.67 (0.3–1.4) 0.8 (0.34–1.85) 1.27 (0.68–2.31) 1.34 (0.53–3.40)
Access to safe water (yes/no) 1.1 (0.6–1.8) 0.8 (0.4–1.6) 1.05 (0.4–2.2) 0.90 (0.53–1.52) 0.68 (0.28–1.68)

2 (0.06–
Mother’s educational level
No education 1 1
Primary and higher 1.81 (0.73–4.52) 0.4

The prevalence of infection did not differ between boys
and girls for any of the parasite species (Table 3), and mul-
tiple infections were not associated with sex (OR = 0.7, 95%
CI 0.4–1.3). However, the risk of STH infection increased
with age. Children aged 48–59 months had a 6.4-fold (95%
CI 2.1–19.4) and 4.2-fold (95% CI 1.6–10.9) increased risk
for hookworm and T. trichiura infection, respectively, and
a 1.8-fold (95% CI 1.1–3.1) and 3.4-fold (95% CI 1.4–5.4)
higher risk of a single and multiple infections, respectively.
Trichuris trichiura was significantly more prevalent in Nong
district compared with the other two locations (OR = 3.9,
95% CI 2.3–6.7). The other two parasite species were more
frequently diagnosed in Sepol district, however the differ-
ences were not significant.

The number of household members was positively
associated with infection status. Children in a house-
hold with more than 10 people had a 2.73-fold (95% CI
1.08–6.88) increased risk for any STH infection compared
with those households with less than 4 people. A signifi-
cantly increased risk was also found for hookworm (OR =
3.01, 95% CI 1.10–8.26).

Latrine ownership, access to a safe water supply, and
mother’s educational level were not associated with para-
site infection status.

Overall, 48.9% of the study subjects were stunted, 22.6%
had acute malnutrition and 47.7% were anaemic.
In the multiple logistic regression analysis for A. lumbri-
coides infection, the following predictors were included:
SES; family size; ownership of a latrine; mother’s educa-
tional level; access to improved water sources; and age
of children (Table 4). After adjustment, the only factor
1 1 1
3.21) 0.42 (0.06–3.21) 1.34 (0.52–3.47) 0.55 (0.07–4.35)

associated with A. lumbricoides was SES (OR = 0.61, 95% CI
0.38–0.98; P = 0.043).

None of the predicting variables (location of household,
wealth index quintile, mother’s educational level, number
of members in households, and ownership of a latrine)
were found to be associated with T. trichiura infection in
the multiple logistic regression analysis.

The same procedure was performed for hookworm
infection, monoinfection and multiple infections with
the following variables: location of household; wealth
index quintile; mother’s educational level; ownership of
a latrine; and age of the child. SES was associated with
monoparasitic infection (OR = 0.62, 95% CI 0.38–0.99; P
= 0.049). Older children had an increased risk of being
infected with hookworm (OR = 1.75, 95% CI 1.02–3.01;
P = 0.041) and having a multiple infection (OR = 1.81, 95%
CI 1.01–3.20; P = 0.044).

4. Discussion

This cross-sectional study included 570 preschool chil-
dren aged 12–59 months living in three rural remote
districts of Savannakhet Province in southern Lao PDR.
Although only approximately one-third (570/1504) of the
eligible study participants submitted a stool sample, this
number may be more representative of the local pop-

ulation in this poor remote setting compared with the
national nutrition survey (2005) where only 200 samples
were collected.17 It was found that nearly one-third of the
children (28.4%) had a single parasite and 9.3% had a multi-
parasitic infection of two or three different species. Ascaris
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Table 4
Prediction of Ascaris lumbricoides, Trichuris trichiura and hookworm infections in preschool children (n = 570) with multiple logistic regression models in
three districts of Savannakhet Province, Lao PDR, in 2006

Variablea Parameter estimate Standard error of estimate Odds ratio (95% CI) P-value

Ascaris lumbricoides
Household wealth (least poor vs. most poor) –0.489 0.241 0.61 (0.38–0.98) 0.043

Hookworm
Age of children (≥48 months vs. <48 months) 0.564 0.276 1.75 (1.02–3.01) 0.041

Single infection
Household wealth (least poor vs. most poor) –0.474 0.241 0.62 (0.38–0.99) 0.049
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Multiple infection
Age of children (≥48 months vs. <48 months) 0.598

Variables included in the model: age; family size; household wealth; ow
evel.

umbricoides was the most prevalent infection (27.4%),
hilst the other two parasite species reached a preva-

ence rate of 10.9%. Ascaris lumbricoides was detected at
eavy infection intensities. Older children had greater risk
f infection with hookworm (OR = 1.75, 95% CI 1.03–3.01;
= 0.041) and of multiple infections (OR = 1.81, 95% CI

.01–3.20; P = 0.044). Low SES was associated with A.
umbricoides infection (OR = 0.61, 95% CI 0.38–0.98; P =
.043).

There is a paucity of information on infection and risk
actors of STHs in preschool-aged children in general, and in
outheast Asia and Lao PDR in particular. To our knowledge,
his is the first study in Lao PDR focusing on this age cate-
ory. Previous studies have targeted school-aged children.
n general they have diagnosed a higher infection preva-
ence than in this study.18–21 In Lao PDR, the prevalence
f STHs in schoolchildren in urban areas was 38.1%22 and
here was higher prevalence in rural areas up to 80%.23,24

xposure of older children to infection is higher as they
xpress a different set of behaviours. In addition, older chil-
ren accumulate infection during their lifetime.

Nearly 10% of the children in this study had a
ultiparasitic infection. Other studies in schoolchildren

f resource-poor countries found positive associations
etween A. lumbricoides and T. trichiura infections and
ultiparasitism that was considerably higher than in this

tudy. The limited resources and substantial logistical
hallenges of implementing studies in most rural commu-
ities did not allow a more rigorous diagnostic procedure
o be employed. It is known that a single Kato–Katz
mear performed on a single stool sample has a relatively
ow sensitivity.25 Therefore, it can be assumed that the
rue infection prevalence is higher than that documented
ere. In addition, the Kato–Katz technique does not allow
iagnosis of a broader range of parasite species. Other infec-
ions, such as Strongyloides stercoralis, might have been of
onsiderable importance as has previously been shown in
chool-aged children.26

This study focused on infection rather than morbid-
ty due to STH infections, although parents and caretakers

ere asked to report episodes of ill health in the preced-
ng 2 weeks of the study visit. The only health problem

eported with notable frequency was diarrhoea (11.2% of
hildren had a diarrhoeal episode). However, these events
ould not be explained by a STH infection. Indeed, previous
tudies have shown that diarrhoea in preschool children is
ainly due to viral infection.27
0.297 1.81 (1.01–3.20) 0.044

of a latrine; access to improved water sources; and mother’s educational

In this study, infection intensity of STHs was assessed
as an indirect measure of morbidity. High-intensity infec-
tion with A. lumbricoides was frequent (11.2%). Previous
studies showed that this helminth is highly prevalent in
schoolchildren in Lao PDR.9 The acute consequences of
A. lumbricoides infection should not be underestimated. A
recent case report of a 12-year-old boy in northern Lao
PDR with obstructive biliary ascariasis with cholangitis and
hepatic abscesses documented the potential serious out-
come of this infection.3

Trichuris trichiura and hookworm infection were iden-
tified at lower prevalence rates and no heavy infection
intensities were recorded. However, there was a high
prevalence of chronic, acute malnutrition and anaemia
among the study subjects although there were no asso-
ciations with STH infection. Other studies showed that
co-infections of hookworm and either Schistosoma japon-
icum or T. trichiura were associated with higher levels of
anaemia.28

In addition to the three mentioned STH infections,
other parasite eggs were also detected, such as Opisthorchis
viverrini (17 cases), Enterobius vermicularis (2 cases),
Hymenolepis sp. (1 case) and the protozoa Giardia lamblia
(25 cases). However, there were only very few of these
infections.

Risk factor analysis showed that household wealth was
the only variable significantly associated with A. lumbri-
coides infection. Children of least poor households had a
39% risk reduction for an infection with A. lumbricoides
compared with children from the poorest households, con-
trolled for age, mother’s educational level, family size,
ownership of a latrine and access to safe water. It is note-
worthy that this risk factor could be identified in a poor
rural area where relatively little economic variability is
present between households. Other studies have identi-
fied household economic level as a determinant for STH
in children.29,30

In the multivariate analysis, hookworm infection was
best predicted by age. Older children aged ≥48 months
had a 70% increased risk for hookworm infection compared
with their younger peers. Children’s activities outside of
the household increase with age, thus the risk of contact

with infectious hookworm larvae on the ground increases.
Results of the multivariate risk factor analysis for single
and multiple infections were similar to the risk factors for
A. lumbricoides and hookworm, respectively. This is most
probably due to the fact that A. lumbricoides was by far
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the most frequently diagnosed parasite and that only hook-
worm infection showed an association with an examined
risk factor.

We could not identify an association between own-
ership of a latrine or access to safe water sources and
infection with a STH. Several reasons might be responsible
for this. In this setting, only a very few households pos-
sessed a latrine. In addition, the latrines were of low quality
and poorly maintained. It is conceivable that the condi-
tions of these latrines and their number were insufficient
to result in a clear health benefit such as the prevention
of infection with STHs. Furthermore, preschool children,
particularly younger ones, rarely use latrines. A study in
Vietnam showed that the presence of latrines alone is not
sufficient to reduce the prevalence of STH in a rural agricul-
tural community if fresh faeces are used as fertiliser.31,32

In contrast, improper disposal of human waste and poor
sanitation might be responsible for STHs in resource-poor
settings.33

It was found that the intensity of infection with STHs
was low in Vilabury district, which might be due to the
small number of stool samples (n = 50) in this location com-
pared with Sepol (n = 351) and Nong (n = 169) districts, and
different infection rates among the three locations might
be explained as Vilabury is located in a highland area com-
pared with Sepol and Vilabury districts.

Preventive chemotherapy on a regular basis has been
shown to reduce STHs in a cost-effective manner.10,34 Addi-
tional health promotion on hygienic practices is essential to
assure long-term benefits.35 In Lao PDR, mass distribution
of anthelminthic medicines in schools was started a few
years ago. In 2006, schoolchildren from 13 of the total 17
provinces had been covered once per year, including Savan-
nakhet province. In 2008, the school deworming campaign
reached a national coverage rate of 95% for two treatment
rounds per year.10

Given the infection prevalence and intensity identified
in this study, the morbidity associated with these infec-
tions and the prevailing risk factors for STHs, preventive
treatment is warranted in preschool-aged children. There-
fore, in Lao PDR the school-based deworming programme
should be extended to preschool children.36 Starting treat-
ment early in life will ensure that children remain parasite
free for longer. The challenge ahead is how best to reach
preschool-aged children in rural communities. Ingenuity is
required to identify new approaches for medicine delivery
for this vulnerable age group.
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