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Abstract

Soil-transmitted helminth (STH) infections are endemic in northern Viet Nam where the climate
and agricultural practices, such as the use of human excreta as fertiliser and the use of wastewater
for irrigation, favour transmission. An intervention was conducted in Yen Bai Province, north-west
Viet Nam, to measure the effectiveness of single dose albendazole (400 mg) administered every 4
months for reducing the prevalence of STH infections in women of reproductive age. Stool
samples were collected from women before the intervention and 3 and 12 months post
intervention. Information on a range of demographic and socio-economic variables was also
collected to measure the major risk factors for high STH burden in this area. The prevalence of
hookworm, Ascaris lumbricoides, and Trichuris trichiura infection in the baseline sample of 366
women were 76.2%, 19.2% and 29.1% respectively. In the women who were surveyed at baseline
and again at 3 and 12 months after the intervention (N=118) cure rates were 71.3% for hookworm,
87.0% for A. lumbricoides and 81.4% for 7. trichiuraby the end of the 12 month study period (i.e.
with 3 doses of albendazole). The main risk factor for hookworm infection was if a women
worked outside [OR =3.2 (95% CI 1.6-6.2), p=0.001] and the major risk factor for A. lumbricoides
and 7. trichiura infection was a lack of education. Low educational attainment was also the
strongest risk factor for co-infection with all three species of STH [OR= 7.5 (95% CI 3.4-16.4),
p<0.001]. The high rates of hookworm infection in this area of Viet Nam and the high cure rates
for all three species of STH with four monthly albendazole suggest that this program should be
expanded to all endemic areas in Viet Nam. The study also highlights the important contribution of
education to women’s health.
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1 Introduction

It is estimated that 4.5 billion of the world’s population are at risk of infection with soil-
transmitted helminths (STH) (Keiser and Utzinger, 2008). STH infections have been
identified as major contributing factors to nutritional deficiencies (Stephenson et al., 2000;
Crompton and Nesheim, 2002; Casapia et al., 2006; Jardim-Botelho et al., 2008) and
impaired physical and cognitive development in children (Levav et al., 1995; Oberhelman et
al., 1998; Sakti et al., 1999). STH infections are a major contributory factor in iron
deficiency anaemia, especially among women of reproductive age (Stoltzfus et al., 19974;
Zimmermann and Hurrell, 2007) and STH infections can also affect pregnancy outcomes.
Studies conducted in Sri Lanka and Nepal have demonstrated that administration of
antihelminthic drugs to women during pregnancy is associated with significantly higher birth
weight and improved survival in their infants (de Silva et al., 1999; Christian et al., 2004).

The main parasites that cause STH infection are the hookworms (Ancylostoma duodenale
and Necator americanus), Ascaris lumbricoides and Trichuris trichiura. A. lumbricoides and
7. trichiura infections are most common amongst school aged children and the prevalence
usually decreases with age (Needham et al., 1998). Heavy hookworm infections can also
occur in childhood, but frequency and intensity is usually higher in adulthood and is very
common among older populations (Needham et al., 1998; Galvani, 2005). A recent
systematic review shows that single dose albendazole has high cure rates for hookworm and
A. lumbricoides infections. However, single dose albendazole was found to be less
efficacious in the treatment of 7. trichiura infection (Keiser and Utzinger, 2008).

STH infections are endemic in Viet Nam where the local climate and agricultural practices
such as the use of human excreta as fertiliser and the use of wastewater for irrigation favour
the transmission of infections (Do et al., 2007). It is estimated that 33.9 million people in
Vietnam are infected with A. Jumbricoides, 17.6 million with 7. frichiura and 21.8 million
with hookworm (van der Hoek et al., 2003). A recent randomised trial in Viet Nam showed
that single dose albendazole in adults resulted in a 75% reduction in mean hookworm eggs
per gram (epg) relative to placebo, whereas triple dose albendazole resulted in an 88%
reduction (Flohr et al., 2007). To date, most population based anti helminth programmes in
Viet Nam have been targeted at school aged children or pregnant women in their second or
third trimester of pregnancy (Olsen et al., 2006).

In 2005, the National Institute for Malariology, Parasitology and Entomology (NIMPE) in
Viet Nam initiated a demonstration public health program that integrated universal anaemia
prevention and deworming into the existing health service structure in two districts of the
northern mountainous province of Yen Bai. A baseline assessment for this program has been
previously published (Pasricha et al., 2008). In this paper, we report the impact of this
program on the prevalence of STH infections in women of reproductive age, and identify the
major risk factors for high STH burden among women in this area of Viet Nam.

Int J Parasitol. Author manuscript; available in PMC 2017 September 29.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Mihrshahi et al. Page 3

2 Materials and methods
2.1 Subjects and Setting

A one-year demonstration anaemia and hookworm control intervention of weekly iron-folate
supplementation (WIFS) with 4 monthly deworming (single dose treatment with albendazole
given every 4 months) was introduced in two districts of Yen Bai province (Tran Yen and
Yen Binh districts) in northwest Viet Nam from May 2006 to May 2007. The target
population was all women of reproductive age (16 - 45 years) living in the two districts,
approximately 52,000 women. Prior to the introduction of the intervention a baseline survey
was conducted (Pasricha et al., 2008).

2.2 Intervention

The intervention commenced in May 2006 and involved deworming with single dose
Albendazole (400 mg, UNICEF, Copenhagen) every 4 months in addition to weekly
supplementation with ferrous sulphate-folic acid tablets (60mg/0.4mg, UNICEF,
Copenhagen). Albendazole tablets were administered under direct supervision of village
health workers or commune health staff.

2.3 Data collection and testing

A baseline survey was conducted in November 2005 using random population proportional
to size sampling (Byass, 2003). A stratified multi-stage cluster sampling design was used.
Primary sampling units (villages) were chosen using a “probability proportional to size’
random sampling method separately within each district, with half the target sample of
villages taken from each district. Secondary sampling units (individual women) were
selected randomly from each village using provincial lists. Women were located and invited
to attend the mobile clinics, which were set up at the nearest commune health station. All
women approached agreed to participate in the baseline survey.

Follow-up surveys were conducted three and 12 months after commencement of the
intervention. All women in the baseline survey were invited to return for follow-up surveys,
and additional women were recruited using the same multistage cluster sampling design.
Random sampling of new individuals in each survey was included to assess the results of the
intervention on a population level, without the possibility of bias that may have been
introduced through contact with the women in previous surveys. That is, we were concerned
that interactions with the study team on one or several occasions may motivate the women to
higher compliance with the program. One hundred and eighteen women attended all three
surveys. Surveys were conducted by the same team at each survey and included trained stool
preparation and analysis technicians, phlebotomists, a demographic recorder and a
supervisor.

At the surveys stool and blood samples were collected from each participant. Socio-
demographic data including age, ethnicity, marital status, education, occupation, number of
children, meat consumption, hand washing and type of sanitary facilities were collected
using a questionnaire.
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The stool specimens were assessed at the field site using standard Kato Katz methodology
(Ash et al., 2004) and the intensity of each STH infection was expressed as eggs per gram of
faeces (epg). Intensity of infections were classified according to WHO guidelines:
hookworm infection was categorised as hookworm free (0 epg), light intensity infection
(1-1999 epg) or moderate-heavy intensity infection (=2000 epQq); A. lumbricoides infection
was categorised as A. lumbricoides free (0 epg), light intensity infection (1-4999 epg) or
moderate-heavy intensity infection (=5000 epg); 7. trichiura infection was categorised as 7.
trichiura free (0 epg), light intensity infection (1-999 epg) or moderate-heavy intensity
infection (=1000 epg) (Montresor et al., 1998).

2.4 Statistical analysis

The data were entered into spreadsheets using Microsoft Excel (Microsoft Corporation,
2000). The Excel spreadsheets were then imported into SPSS for data cleaning and checking
and coding and finally into Stata 10 (Intercooled Stata 10 for Windows, StataCorp LP, Texas
USA) for analysis.

The study sample was defined in two ways: (i) to assess the overall impact of the
intervention we included data on all subjects tested irrespective of whether they were
included in the baseline survey. (ii) When assessing the mean within-subject change in
prevalence of STH, the sample was restricted to 118 subjects who provided baseline, three
and 12 month data. Village was used as a cluster variable in all analyses because of the
nature of the sampling frame.

STH data (epg) were skewed to the right, with a considerable number of zero values, and so
results were expressed as follows: the prevalence of hookworm, A. lumbricoides and T.
trichiura infections with varying fecal egg count cut-offs were calculated using the cut-offs
defined above for light and moderate-heavy intensity, and the data were dichotomized as
STH positive (i.e. any eggs) or negative (i.e. no eggs). As well, for the women who were
sampled at all three surveys, the number of women who were STH free at each follow-up
survey (complete cure) was expressed as a percentage of the number who were STH positive
at baseline. The main outcome was the reduction in prevalence of hookworm, A.
lumbricoides and T. trichiura infection categorised as light or moderate/heavy intensity of
infection.

Multiple logistic regression was used to determine associations between socioeconomic and
demographic variables and hookworm, A. lumbricoidesand T. trichiura positive at baseline
as well as co-infection with multiple STH. Where possible, demographic data were
dichotomized, however age was analysed both as a continuous variable and categorised into
age between 15-29 or >=30. Variables included in the regression model were age, education
status, work (inside/outside), number of children, meat intake, whether shoes were worn,
latrine type, socio-economic status (assessed by inclusion in the ‘Free Health Card for the
Poor scheme’ ), hand washing (with or without soap). Results of the logistic regression
analysis are expressed as adjusted odds ratios (OR) and 95% confidence intervals (95% CI).
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Extensive consultation was undertaken between the project team and community leaders, as
well as liaison with village, district and provincial health staff prior to implementation. The
survey team assisted the village health workers where participants expressed concerns or
uncertainty relating to any aspect of their participation. Verbal informed consent was
obtained at the time of enrolment. The project was approved by the Human Research Ethics
Committee of the National Institute of Malariology, Parasitology and Entomology (Hanoi,
Viet Nam), the Walter and Eliza Hall Institute of Medical Research (Melbourne, Australia)
and Melbourne Health (Melbourne, Australia).

2.6 Role of the funding source

The sponsors of this study had no role in the study design, data collection, analysis or
interpretation of the results or the decision to submit this paper for publication. The
corresponding author had full access to all the data in the study and the final responsibility
for the decision to submit for publication.

3 Results

In the study a total of 366 women had stool microscopy performed at baseline, 433 women
at 3 months, and 467 women at 12 months. Of the 366 women tested at baseline, 118 also
had stool microscopy data for both the 3 month and 12 month surveys. Table 1 shows a
comparison of demographic variables for the 248 women who were only in the baseline
survey, and the 118 women who attended all three surveys. There were some differences
between these groups. Women who attended all three surveys were more likely to be married
with children, illiterate, to work outside and to live in a house without a sanitary latrine
system. There were also some differences in ethnic groups between the populations.
Importantly, the prevalence of hookworm, A. lumbricoides and T. trichiura positive were
similar at baseline between these groups.

Prevalence of STH infection in all women tested

Table 2 shows the prevalence of infection with each STH at each survey, using the data for
all women tested at each time point. The prevalence of hookworm infection in the
population sample was 76% at baseline, reduced to 56.6% at 3 months and further to 25.1%
at 12 months. The prevalence of A. lumbricoides infection was 19.2% at baseline, and
reduced to 5.6% at 3 months and to 3.9% by 12 months. The prevalence of 7. trichiura
infection was 29.1% at baseline, and reduced to 20.1% at 3 months and to 10.7% by 12
months.

Prevalence of STH infection among women who attended all three surveys (N=118)

Figure 1a shows the change in prevalence of no infection, light intensity and moderate-heavy
intensity hookworm infection at baseline and 3 and 12 months among the 118 women who
attended all three surveys. In this sample, 94 (79.7% of total) were positive for hookworm
infection at baseline, of these women 36 (38.3%) had a complete cure (i.e. no hookworm
eggs) by 3 months and 67 (71.3%) had a complete cure by 12 months.
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Figure 1b shows the change in prevalence of no infection, light and moderate-heavy
infection with A. lumbricoides at baseline and 3 and 12 months. In this sample 23 (19.5% of
total) were positive for A. lumbricoides infection at baseline, of these women 17 (73.9%)
had a complete cure (i.e. no A. lumbricoides eggs) by 3 months and 20 (87.0%) had a
complete cure by 12 months.

Figure 1c shows the change in prevalence of no infection, light and moderate-heavy
infection with 7. trichiura at baseline and 3 and 12 months. In this sample 43 (36.4% of
total) were positive for 7. trichiura infection at baseline, of these women 20 (46.5%) had a
complete cure (i.e. no 7. trichiura eggs) by 3 months and 35 (81.4%) had a complete cure by
12 months.

Predictors of STH burden at baseline

In the baseline survey there were 60 (16.9%) women with no STH. The two strongest
predictors of no infection were working inside adjusted OR 3.2 (95% CI 1.6-6.2) p=0.001
and eating meat more than 2 times a week adjusted OR= 2.6 (1.2-5.6) p=0.014.

Table 3 shows the main predictors of each of the infections (of any intensity) at the baseline
survey. The only significant predictor of hookworm infection at baseline was whether the
women worked outside. A lower level of education and no history of prior deworming
treatment were significant predictors of A. lumbricoides infection at baseline, while a lower
level of education and socioeconomic status were significant predictors of 7. trichiura
infection.

There were 28 (7.9%) women in the baseline sample who were infected with all three
species of STH, 267 (75.2%) had one or two species and 60 (16.9%) had none. The
strongest predictor of co-infection with all three species of STH at baseline was a lack of
education [OR 7.4 (95% CI 2.7-20.5)] and Figure 2 shows that there was a linear
relationship between the women’s education level and the prevalence of co-infection with all
three species of STH (p=0.001).

The effect of education was also tested in the sample of 118 women who attended all three
surveys. At each survey level of education had a significant effect on whether a women was
positive for A. lJumbricoides and T. trichiura but had no effect on hookworm. There were
only 11 women with no STH infection at any survey. All of these women had some form of
education and 10 had an educational attainment at or above secondary level.

4 Discussion

This study confirms the high prevalence of STH infection, particularly hookworm infection,
among women of reproductive age in north-west Viet Nam and shows a significant reduction
in both the prevalence and intensity of STH infection with single dose albendazole (400mg)
given every four months over a 12 month period. Cure rates were 71% for hookworm, 87%
for A. lumbricoides and 81% for T. trichiurain women who participated in all three surveys
during the study period. The study also highlights that the strongest risk factor for
hookworm and any STH infection was working outdoors. The findings suggest that a higher
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education level may have a protective effect against A. Jumbricoides, T. trichiuraand co-
infection with all three species of STH.

A review of prevalence studies conducted in Viet Nam indicate that there is a large variation
in the prevalence and distribution of STH species depending on the region and the
characteristics of the population being studied (e.g. children, adults, pregnant women or
women of reproductive age). Generally, studies in northern Viet Nam have found that A.
lumbricoides and T. trichiura infections are more common in school children than adults
(\Verle et al, 2003) and women have a higher hookworm burden than men (Needham et al.,
1998). We also found a very high prevalence of hookworm infections (76.2% at baseline)
compared to A. lumbricoides (19.2%) and T. trichiura (29.1%) in women of reproductive
age in Yen Bai province. However, in a prevalence study conducted in Ha Nam province in
rural north Viet Nam (south east of Yen Bai) only 59% of the survey sample (males and
females aged 1-88 years) were infected with hookworm whereas 83% were infected with A.
lumbricoides and 94% of individuals were infected with 7. trichiura (Needham et al., 1998).
The results of a survey of adults in Hoa Binh, a mountainous area south of Yen Bai, show
52.4% were infected with hookworm, 45.4% with A. Jumbricoides and 49.6% with 7.
trichiura (Verle et al., 2003). In a cross sectional study of mostly male fish farmers in Nghe
An province on the central west coast, infection prevalences were 51.3% for hookworm,
34.8% for A. lumbricoides, 50.7% for T. trichiura and 81.8% were infected with at least one
of the three STH’s (Olsen et al., 2006). As well as host characteristics, climatic conditions,
soil types, socioeconomic status, sanitation facilities, hygiene practices, eating habits and
crop selections are important factors that may explain the large variations in the prevalence
and distribution of STH among the regions of north Viet Nam.

The baseline prevalence of hookworm infection in women of reproductive age in this region
is above WHO’s 50% threshold prevalence for priority control with mass deworming
treatment (Brooker et al., 2003; de Silva et al., 2003). The reason for this high prevalence
could be that Vietnamese women generally do most of the daily fieldwork in agriculture
such as weeding, fertilizer application and irrigation. The use of human waste as fertilizer
makes them especially vulnerable to STH infection and the application in the fields is often
carried out using bare hands or with shovels with little use of protective clothing such as
gloves and boots (Humphries et al., 1997). The hazardous nature of this work is confirmed
by the finding that the main risk factor for hookworm infection was working outdoors.

Our results show that the intervention was successful implying high compliance amongst the
target group. Importantly, there was also a reduction in the intensity of infection, with
moderate and heavy infections with all three species of STH almost at zero prevalence by
the end of the study. A study conducted in adults in Khanh Hoa province in central Viet Nam
showed 91% of adults (both men and women over 16 years) were hookworm positive at
baseline (Flohr et al., 2007) and 3 doses of albendazole taken over 3 days achieved a 91%
reduction in eggs. For mass treatment programs the most important measure for success of a
program is a reduction in intensity of infection (Flohr et al., 2007). As mentioned previously
because the environmental, climatic conditions and farming practices in Viet Nam
(especially the use of human faeces as fertilizer) and the eating of fresh vegetables, favour
transmission, repeated treatment is required to control reinfections.
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Most of the work regarding predictors of STH infection has been done in Africa (Kenya and
Uganda). A study from Kenya identified that the absence of latrines and number of
inhabitants in the household were significant predictors of hookworm and that households
that did not use soap had a higher risk of being infected with A. lumbricoides (Olsen et al.,
2001). In this sample only 2.5 % of homes did not have a latrine and the type of latrine or
use of soap for hand washing had no effect on the prevalence of STH in multivariate
analyses. The socioeconomic status of a household was a risk factor for 7. trichiura
infection. Additional findings suggest that a woman’s education is an important protective
factor against STH infection (especially A. lumbricoidesand T. trichiura) and that working
outside is a major risk factor. Because this is a risk factor that cannot be easily modified,
control programs should incorporate protective clothing and footwear for women who work
outdoors as direct contact with fertilizer is the most likely source of infection. We also found
that women who ate meat more than twice a week were less likely to be infected with STH.
In this case meat intake could be associated with socioeconomic status.

A limitation of this study is that the 118 baseline women who reattended for later surveys
were significantly different in some aspects (eg education and occupation) to the overall
baseline group. Therefore some of the conclusions drawn from the analysis may be biased.
For example, the 118 women who reattended were more likely to belong to the Dao ethnic
group, be illiterate, work outside, and were less likely have a sanitary system. They may
therefore have been living in an environment with greater soil contamination, and had a
greater risk of reinfection during the 12-month intervention period.

Our results show a high prevalence of STH among women of reproductive age and high cure
rates after single dose albendazole (400 mg) administered every four months during a 12
month period. The success of the intervention as a whole has resulted in the scaling up of the
program to include all women of reproductive age in the province, an estimated total of
250,000 women. Our results also provide evidence to suggest that the World Health
Assembly resolution which advocates for the periodic deworming of all schoolchildren and
pregnant women at risk for STH infections be expanded to include women of reproductive
age in high prevalence areas. In addition, the results suggest that two of the major elements
to be considered in the design of long term STH control among women of reproductive age
in endemic areas of Viet Nam are the use of protective clothing for women working outdoors
and improving the educational attainment of women.
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Prevalence of infection before intervention and 3 months and 12 months post-intervention (7

= 118) for hookwom (A), Ascaris lumbricoides (B) and Trichuris trichiura (C).
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Fig. 2.

Relationship between co-infection with all three species of soil-transmitted helminths
(hookworm, Ascaris lumbricoides and Trichuris trichiura) and level of education in the
baseline sample (n= 356).
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Comparison of demographic and socio economic data at enroliment for women that attended all three surveys
and women that only attended the baseline survey

Variable

Baselinesurvey only n =248  All threesurveysn =118 All women n = 366

Mean age (£SD)

Marital status

Number of children

Ethnicity

Education level

Job

Latrine

Shoes

Hookworm

Married?

Not married

Other (divorced/widowed)

Missing

No children?
1-2 children
>3 children
Missing
Kinh

Tay

Cao Lan

Dao?

Nung

Other
Missing
Iliterate?

To Grade 5
Grade 6-9
Grade 10-12
Higher
Missing
Work outside?
Worit inside
Missing

None

Squat

One stool box

Two stool box

Sanitary system?
Missing

No

Yes

Missing

No

Yes

Missing

Int J Parasitol. Author manuscript; available in PMC 2017 September 29.

29.72 (8.08)
196 (79.0%)

42 (16.9%)
2(0.8%)

8 (3.2%)

46 (18.5%)
156 (62.9%)
37 (14.9%)
9 (3.6%)
167 (67.3%)
29 (11.7%)
20 (8.1%)
20 (8.1%)

2 (0.8%)

1 (0.4%)

9 (3.6%)

7 (2.8%)

34 (13.7%)
138 (55.6%)
50 (20.2%)
10 (4.0%)

9 (3.6%)
192 (77.4%)
46 (18.5%)
10 (4.0%)

4 (1.6%)
103 (41.5%)
79 (31.9%)
18 (7.3%)
35 (14.1%)
9 (3.6%)

25 (10.1%)
212 (85.5%)
11 (4.4%)
63 (25.4%)
185 (74.6%)
0

31.17 (7.49)
106 ( 89.8%)
10 (8.5%)
1(0.8%)

1 (0.8%)

10 (8.5%)
80 (67.8%)
25 (21.2%)
3 (2.5%)

71 (60.2%)
14 (11.8%)
8 (6.8%)

23 (19.5%)
1 (0.8%)

0 (0%)
1(0.8%)

14 (12.0%)
20 (17.0%)
61 (51.7%)
22 (18.6%)
1(0.8%)

0 (0.%)

109 (92.4%)
8 (6.8%)

1 (0.8%)

5 (4.2%)

52 (44.1%)
47 (39.8%)
7 (5.9%)

7 (5.9%)

0 (0%)

18 (15.2%)
100 (84.7%)
0 (0%)

24 (20.3%)
94 (79.7%)
0

3020 (7.77)
302 (82.5%)

52 (25.4%)
3(1.6%)

9 (2.5%)

56 (15.3%)
136 (37.2%)
62 (16.9%)
12 (3.3%)
238 (65.0%)
43 (11.7%)
28 (7.6%)
43 (11.7%)
3 (1.6%)
1(0.4%0

10 (2.7%)
21 (5.7%)
54 (14.7%)
199 (54.4%)
72 (19.7%)
11 (3.0%)
9(2.6%)
301 (822%)
54 (14.8%)
11 (3.0%)

9 (2.5%)
155 (42.3%)
126(34.4%)
25 (6.8%)
42 (11.5%)
9 (2.5%)

43 (11.7%)
312 (85.3%)
11 (3.0%)
87 (23.8%)
279(76.3%)
0
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Variable Baselinesurvey only n =248  All threesurveysn =118  All women n = 366
Ascaris lumbricoides  No 199 (80.2%) 95 (80.5%) 294 (80.3%)
Yes 47(19.0%) 23 (19.5%) 70 (19.1%)
Missing 2 (0.8%) 0 2 (0.5%)
Trichuris trichiura No 183 (73.8%) 75 (63.6%) 258 (70.5%)
Yes 63 (25.4%) 43 (36.4%) 106 (29.0%)
Missing 2 (0.8%) 0 2 (0.5%)

a . . Lo .
Pvalue (chi squared for difference between proportions in baseline survey only versus all three surveys) <0.05.
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Prevalence of hookworms, A.lumbricoides and T. trichiura at baseline, 3 months and 12 monts survey in all
women surveyed.

Parasite Intensity Prevalence of infection (95% confidence interval)
Baselinen =366 3 monthsn =433 12 monthsn =467

Hookworm No infection 23.8(16.2-31.4)  43.4(37.3-49.6) 74.9 (70.1-79.8)
Light 60.1 (53.7-66.5)  53.6 (47.6-59.6)  23.6 (18.9-28.3)
Moderate-heavy  16.1 (11.0-21.2) 3.0 (1.4-4.6) 1.5(0.5-2.5)

A. lumbricoides  No infection 80.8 (74.1-87.4)  94.5(91.5-97.5) 96.1 (94.0-98.2)
Light 11.8 (8.0-15.6) 4.6 (1.8-7.4) 3.0 (1.4-4.5)
Moderate-heavy 7.4 (3.3-11.5) 0.9 (0.02-1.8) 0.9 (0.01-1.7)

T. trichiura No infection 70.9 (64.8-76.9)  79.9 (74.3-85.5) 89.3 (85.7-93.0)
Light 26.9(21.1-32.8)  19.6 (14.1-25.2)  10.6 (6.9-14.3)

Moderate-heavy

22 (0.1-4.3)

0.5 (-0.18-1.1)

0
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Predictor Oddsratio (95% Cl) Pvalue Adjusted OR (95% Cl) Adjusted P value
No infection Work inside 3.8(2.0-7.3) 0.001 3.2(1.6-6.2) 0.001
Meat intake >twice/week 3.3 (1.6-7.0) 0.001 2.6(1.2-5.7) 0.014
Previous deworming 4.3 (1.0-18.5) 0.03 2.0(0.4-9.3) 0.37
Sanitary latrine system 3.9(1.9-7.9) 0.001 2.1(0.9-5.3) 0.08
Hookworm Working outside 4.6 (2.5-8.5) 0.001 4.6(2.1-9.9) <0.001
Meat <twice/week 1.6 (1.1-3.3) 004  1.2(0.7-2.3) 0.47
No sanitary latrine system 3.3 (1.6-10.0) 0.001 1.8(0.8-4.1) 0.13
Ascaria lumbricoides  Lack of education 9.0 (3.6-22.7) 0.001 4.6(1.5-14.2) 0.013
No previous deworming 3.1(1.4-6.6) 0.003 2.7 (1.2-5.9) 0.009
Meat <twice/week 2.2 (1.3-3.9) 0.003 1.2 (0.6-2.6) 0.57
No shoes worn 2.3(1.1-4.8) 0.018 1.4(0.4-3.7) 0.71
Trichuris trichiura Lack of education 3.7 (1.5-9.1) 0.002  6.5(2.1-19.6) 0.001
Low SES? 3.0(1.1-8.9) 003  5.7(1.6-20.2) 0.006
All three STH Lack of education 7.5(3.4-16.4) <0.001 7.5(3.4-16.4) <0.001

STH, soil-transmitted helminths; OR, odds ratio; CI, confidence interval.

a . .
SES, socio-economic status.
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