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ABSTRACT

Background: Rural communities in the Amazonian
southern border of Ecuador have benefited from
governmental social programmes over the past 9 years,
which have addressed, among other things, diseases
associated with poverty, such as soil transmitted
helminth infections. The aim of this study was to
explore the prevalence of geohelminth infection and
several factors associated with it in these communities.
Methods: This was a cross sectional study in two
indigenous communities of the Amazonian southern
border of Ecuador. The data were analysed at both the
household and individual levels.

Results: At the individual level, the prevalence of
geohelminth infection reached 46.9% (95% Cl 39.5%
to 54.2%), with no differences in terms of gender, age,
temporary migration movements or previous
chemoprophylaxis. In 72.9% of households, one or
more members were infected. Receiving subsidies and
overcrowding were associated with the presence of
helminths.

Conclusions: The prevalence of geohelminth infection
was high. Our study suggests that it is necessary to
conduct studies focusing on communities, and not
simply on captive groups, such as schoolchildren, with
the object of proposing more suitable and effective
strategies to control this problem.

INTRODUCTION

Soil transmitted helminthiasis is a neglected
tropical disease which particularly affects low
and low—medium income population groups.
The social and health consequences become
evident through academic performance,
nutritional status, economic development
and chronic infection.' Both Ascaris lumbri-
coides and whipworm (7richuris trichiura) are
transmitted through food and water contami-
nated by faeces of infected individuals, while
Ancylostoma duodenale (hookworm) is trans-
mitted by walking barefoot on contaminated
soil, or by ingestion of larva.”

Strengths and limitations of this study

= A cross sectional study carried out in indigenous
communities of extreme poverty described the
prevalence of geohelminth infection.

m The strategy used involved 80% of inhabitants,
and only 1 in every 3 homes was free of geohel-
minth infection.

= This study was an exercise in community partici-
pation, conceived as a mechanism for achieving
greater democracy.

= This study was limited by the low participation
rate of men of working age.

= Collection of a single stool sample may mean
that prevalence was underestimated.

The situation is particularly serious in
populations with high rates of migration and
mobility within and between rural and urban
communities, and hence these infections
continue to spread.”

Since the announcement in 2001* of a com-
mitment to eliminate soil transmitted helmin-
thiasis in low transmission areas, and reduce
morbidity in high transmission areas, reports
from various places around the world indi-
cate that these goals are not being met, despite
the established chemoprophylactic models.”

Ecuador, a multi-ethnic, low—medium in-
come country, initiated a process of social
and economic reform in 2007 which has
been reflected, for example, in a rise of
122% in public health spending and in the
proportion of the gross domestic product
during the period 2000-2011.°

Among the various social policies is the
antipoverty conditional cash transfer pro-
grammes (‘human development subsidies’—
for instance, subsidies for school books and
school uniforms), aimed at assisting people
in extreme poverty.7 On the other hand,
Ecuador has had one of the highest rates of
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internal and external migration, including inhabitants on vulnerable, and often high risk, population groups,

of the Amazonian region.8 often invisible in national level epidemiological analyses.
In the Amazonian southern border area, the object of ~ This approach has been termed patchwork studies.''
the present study, 34% of dwellings are considered to be In the present study, in two indigenous communities

of poor quality (bare earth floor, gaps in house walls, roof of the Amazonian southern border of Ecuador, we
of metal or palm leaves), 55% use water from a well, river ~ aimed to quantify the prevalence of soil transmitted hel-
or a rainwater collection system, and only 22% are con-  minthiasis at both the household and individual levels,
nected to a sewage network.” These communities, as well as its relationship with several variables of
located approximately 45 km from the nearest urban interest.

area and nearest communication centre, until 5 years ago

were only accessible via unpaved roads, and residents

could only get to health facilities and administrative =~ METHODS

municipal offices via narrow tracks through the jungle. In June 2015, a cross sectional study was performed in

In Ecuador, there are no data on the prevalence of two communities, once agreement and the consent of
soil transmitted helminthiasis, nor on systematic cover-  local authorities had been obtained, based on criteria of
age of prophylactic treatment or epidemiological surveil-  convenience in a community assembly where local polit-

lance. However, according to official figures covering the ical and health personnel were represented. Although
whole country, all children aged 2-5 years should have no censuses were available for these communities, they
received chemoprophylaxis in 2014."° are estimated to have about 240 inhabitants, according
In an effort to increase the visibility of health pro-  to their leaders. Both communities can be reached by
blems in population areas which are so small that classic ~ road, and are situated approximately 540 km (10 hours’
studies tend to conceal them, the GRAAL research travelling time) from the capital of Ecuador, Quito.
group (Grups de Recerca d’Ameérica ififn'ca Llatines) con- Figure 1 shows the participating communities and
ducts studies on infectious/contagious diseases focusing  their geographical location, as well as the joint
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Figure 1 Distribution of the proportion of households self-identified as indigenous and categorised as poor based on the
unsatisfied basic needs* index and community participants. *Unsatisfied basic needs index: percentage of poor households
self-identified as indigenous—that is, the number of households whose basic needs are either not accessible or of poor quality.
The index includes quality of dwelling materials, access to electricity and attendance at school, among other items.
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distribution of the proportion of households self-
identified as indigenous and categorised as poor based
on a measure known as the unsatisfied basic needs
index. These communities are located in the Amazon
border, which is one of the two Ecuadorian areas with
more poverty among the indigenous population.'®

Following the patchwork methodological scheme,
which has been applied by our research team to analyse
health problems such as pulmonary tuberculosis and syl-
vatic ralbies,13 4 e administered a questionnaire (face
to face) to identify dwellings and obtain household
characteristics, including presence or absence of water
supply and sanitary toilets, whether households boil
water for consumption, overcrowding and whether they
received any subsidy. At the individual level, we recorded
temporary migratory movements, self-perceived presence
of geohelminths in the past month and whether they
had received preventive chemoprophylaxis. This could
only be ascertained for the last month, due to problems
in the recording of information about administration of
chemoprophylaxis in the studied communities. The
medication (albendazole 400 mg, single dose) was pro-
vided by the Ecuador Ministry of Public Health. For chil-
dren aged <8 years, the questions were answered by the
mother or guardian.

One direct faecal sample was collected from each par-
ticipant. All samples (n=192) were examined using direct
observation, 178 samples by the Kato-Katz technique and
184 by formol-ether concentration. In the latter two
cases, missing data corresponded to samples that were
insufficient to permit assessment. A positive sample was
defined by the presence of at least one egg or larva
detected by any one of the three methods. Direct observa-
tion and the Kato-Katz method were used to assess
samples on the same day on site, in the communities, with
a mobile parasitological analysis laboratory installed. The
Kato—Katz technique was performed with a template of
41.7 mg, as recommended by the WHO.'® Samples were
preserved in formol-ether and analysis of this concentrate
was performed at a base laboratory. All three techniques
have been used in other studies in Ecuador.'® '’

In the cases of the Kato—Katz method and formol-
ether concentrate analyses, the result recorded was the
highest value obtained after examining two aliquots.
Eggs per gram of faeces (epg) were calculated using the
helminth eggs counted for each parasite species
obtained from the Kato—Katz technique multiplied by a
factor of 24, as recommended by the WHO for the tem-
plate used. Egg counts as epg were utilised to classify the
intensity of infection as slight, moderate or high, respect-
ively, as follows: for A lumbricoides 1-4999 epg, 5000-
49 999 epg and >50 000 epg; for T trichuria 1-999 epg,
1000-9999 epg and >10 000 epg.'®

RESULTS
The study included 59 households, and a total of 320
individual members. The number of members per

household ranged from 2 to 13 (average 5.4, median b5).
At least one functionally illiterate person was identified
in 33.3% of the households studied; 15.4% of house-
holds had to travel by walking to get to the nearest
health facility while the remainder used ground based
public transport; and 72.4% of households reported that
at least one member had expelled geohelminths in the
last month. Fifty-nine households provided faecal
samples (average number of members providing a
sample 3.1; median, 3).

In 16 (27.1%) of the households which provided
faecal samples, no geohelminths were observed. In
another 30 (50.8%), one or more members were
infected, and in 13 (22.0%; 95% CI 12.1 to 32.8) all
faecal samples were positive.

All inhabitants used natural spring water, which is
piped to community tanks without any type of treat-
ment; no communities had toilets. Other sanitary and/
or socioeconomic deficiencies were observed in 49.2%
of households (bare earth floor, windows not covered,
no wastewater disposal system, no electricity, absence of
own drinking water supply), and in 79.3% (23/29) of
these, at least one member was infected by geohel-
minths. In a similar fashion, among households with
better conditions, 66.7% (20/30) presented one or
more infected members (PR 1.19; 95% CI 0.86 to 1.67).

Forty-four (74.6%) households reported receiving one
or more state subsidies. Of them, 81.8% had infected
members compared with 46.7% (7/15) in households
not receiving any subsidies (PR 1.75; 95% CI 1.09 to
3.97).

Twenty-nine (49.2%) of the households reported over-
crowding (more than three inhabitants per bedroom),
of which 86.2% had infected members (PR 1.44; 95% CI
1.04 to 1.99) versus 60.0% (18/30). Among the 36
households declaring they did not boil water, 28 (77.8%;
95% CI 642 to 91.4) had geohelminths infection
whereas the corresponding values among households
reporting they did boil water was 63.6% (95% CI 53.3%
to 73.8%) (PR 1.22; 95% CI 0.88 to 1.88).

Of the 192 participants who provided faecal samples,
106 (55.2%) were women. Mean age was 22.8 (SD
19.4) years: 25th percentile corresponded to 8years,
50th percentile 14 years and 75th percentile 38 years
(range 76). Median ages for men and women were 10
and 18 years, respectively (p<0.05); 37% of working age
men reported having to migrate for work related
reasons (hunting, agriculture, mine work), tending to
be away for 8-15 days, or even more.

Positivity for the presence of soil transmitted hel-
minths was detected in 28.6% of the 192 samples ana-
lysed by direct observation, 39.9% by the Kato-Katz
method and 31.5% by the formol-ether concentrate. It
was possible to analyse 178 cases by both direct observa-
tion and the Kato—Katz method, of which 105 were nega-
tive for both (59%); 20 were negative according to
direct observation but positive for Kato—Katz, two were
positive according to direct observation but negative for
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Kato—Katz and 51 were positive for both (28.9%).
Determinations obtained both by direct observation and
analysis of the formol-ether concentrate coincided in
184 cases: 119 were negative (64.7%) and 45 (24.5%)
positive for both, 13 were negative according to direct
observation but positive according to the formol-ether
method and 7 were positive by direct observation but
negative according to the formol-ether method.

A positive result in at least one of the three tests for
soil transmitted helminthiasis was observed in 83 of the
177 samples where it was possible to perform such deter-
minations (46.9%; 95% CI 39.5 to 54.2). Among women,
the prevalence was 52.6% (51/97; 95% CI 42.7% to
62.5%) and among men 40.0% (32/80; 95% CI 29.3%
to 50.7%); the prevalence ratio was 1.31 (95% CI 0.9 to
1.8). In the 60/177 participants who declared temporar-
ily going away from their communities, geohelminthiasis
was found in 51.7% (95% CI 44.1% to 59.3%), whereas
among those who did not go away, the corresponding
value was 44.4% (95% CI 37.3% to 52.0%).

A total of 112 participants (58.3%; 95% CI 51.0 to
65.1)—with no significant differences by sex—declared
the self-perceived presence of geohelminths in the last
month. Table 1 shows the distributions of the presence,
both measured and self-perceived, of soil transmitted
helminthiasis, by age group. In the case of measured soil
transmitted helminthiasis, no differences were found in
terms of age groups (LR 1.53; p=0.47) (table 1). In con-
trast, for the perceived presence of parasites, differences
were significant (LR 9.75; p<0.05), a linear association
being found between perception of parasites and age,
with older ages reporting a lower perception (80.0% to
48.1%) (p<0.05).

In the last month, 57.8% of participants reported
having received preventive chemotherapy; in the age
group 2-5 years, having received preventive chemother-
apy in the last month was declared by 25/30 participants
(83.3%); 56/85 (65.9%) in the age group 6-19 years and
30/77 (39.0%) in the age group 20 years and over (LR
22.37 p<0.05). This association was also linear (p<0.05).

Of the 104 participants who declared having received
preventive chemotherapy in the last month and in
whom the coproparasite assessment was performed, 46
(49.2%) were positive for the presence of helminths
compared with 37/73 (50.7%) of those who had not
received therapy (LR 0.72; p>0.05). There were no dif-
ferences in sex or age group.

The parasitic load of A lumbricoides varied from 24 to
18 792 epg, 50% having 408 epg or more. In the age
group 2-5 years, median intensity was 600 epg, in those
aged 6-19 it was 348 and in those aged 20 and over it
was 384.

The intensity of infection among individuals aged 2-
5 years was slight, among those aged 6-19 years it was
slight in 90% and moderate in 10%, while in those aged
20 or over it was slight in 86.4% and moderate in 13.6%.
The parasitic load of T trichuria ranged from 24 to
1080 epg, median 72, and levels by age group of 48, 72
and 60, respectively. The most common level of intensity
of infection, in all age groups, was slight, with moderate
levels being found in 2% of those aged 6-19 years.

DISCUSSION

In this study, we found that 72.9% of households had at
least one person infected by soil transmitted helminthia-
sis, and in 13% all members were infected. Also, we
found a higher prevalence among households stating
they did not boil water, where overcrowding was present
as well as in families receiving any type of state subsidy,
indicating worse sanitary conditions and greater poverty.

In marginalised populations, lacking sanitary condi-
tions, one form of treating water for human consump-
tion, in the home, is by boiling, thus preventing its
contamination through contact with unwashed hands,
dust rising from the bare earth floor, etc, even though
the effectiveness of boiling may be questionable.'?

This is an important aspect to consider because our
results showed that community de-worming campaigns
(57.8% received chemoprophylaxis in the last month)
aimed at reducing or avoiding soil transmitted helminth-
iasis, without health education, are not sufficient, and
must be accompanied by changes in sanitary conditions
and poverty reduction policies and actions. In this sense,
the lack of good water supplies and inadequate basic
sanitation observed during the fieldwork, as well as a low
participation of the communities themselves in basic
sanitation activities, could be factors that impede the
control of soil transmitted helminth infections.”*~**

Additionally, the fact that receiving any kind of state
subsidy and overcrowding were both associated with the
prevalence of infection at the household level seems to
confirm that it is not enough to treat this problem
merely as a medical condition, and that it is necessary to

Table 1 Measured and perceived prevalence of geohelminthiasis
Presence of geohelminthiasis in past

Age group Presence of geohelminthiasis month
(years) (measured) (perceived)

n (%) 95% ClI n (%) 95% ClI
2-5 15/29 (51.7) 34.5 to 69.0 24/30 (80.0) 63.3 t0 93.3
6-19 39/80 (48.8) 37.5t0 58.8 51/85 (60.0) 49.4 t0 70.6
>20 40/68 (58.8) 47.11t0 70.6 37/77 (48.1) 36.4 to 59.7
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improve the socioeconomic and sanitary conditions of
the population. At the individual level, the high preva-
lence found was not differentiated by gender, age group,
temporary migratory movement or by whether or not
they had received chemoprophylaxis; this latter aspect
was seen as a reflection of the community’s situation,
and not necessarily as an assessment of the efficacy of
the chemoprophylaxis programme of the Public Health
Ministry.

With respect to the results obtained in this community
based study (global prevalence of 46.9% in samples
where it was possible to perform the three determina-
tions—direct observation, Kato—Katz method and ana-
lysis of the formol-ether concentrate), there are few
references with which we can compare our findings as
the majority of studies have been conducted in ‘captive’
populations, such as schoolchildren.?*> %

The prevalence found in our study was much higher
than values reported by several articles available in the sci-
entific literature conducted in Ecuador, with an average
prevalence of 18.9%.%° *” These studies formed part of a
meta-analysis based on all publications related to the
prevalence of soil transmitted helminth infection in
South American countries. Nevertheless, our overall
prevalence value was lower than that reported by a previ-
ous study carried out in groups of Shuar people (preva-
lence rate 65%) using the Kato—Katz method but without
the antecedent of having received chemoprophylaxis.*®

We found a large discrepancy between measured and
perceived prevalence of geohelminthiasis, particularly
for children <5 years of age, since in nearly 8 of every 10
cases the mother or guardian who responded perceived
the presence of parasites whereas our findings halved
this figure. This discrepancy could be explained by the
fact that the national programme of preventive chemo-
therapy was conducted in these communities 4 weeks
before our study. On the other hand, the prevalence in
those aged over 19 years, who were also the least treated
group, leads us to reflect that in these communities, the
adult population could constitute a reservoir for infec-
tion and re-infection.

In Ecuador, epidemiological surveillance of soil trans-
mitted helminth infections has not been considered
either explicitly or as part of the group of neglected
infectious diseases, and although the estimated preva-
lence of infection is high,l6 currently the data are
scarce. On the other hand, the Ecuadorian state pub-
lishes reports of its successful health campaigns for the
control of neglected diseases, such as brucellosis,
Chagas disease, urban rabies and onchocerciasis, and
publicises the important increase in the budget for the
control of neglected tropical diseases.”

The transmission rate of soil helminths remains high in
regions such as the Amazonian southern border of
Ecuador, in spite of the fact that in recent years member
countries of the Pan American Health Organisation have
celebrated regional conventions to address the intensifica-
tion of control of these poverty related diseases.””

As part of this intensification of control, the WHO
recommends that school based de-worming programmes
include health hygiene education as a complementary
measure, although the sustainability and long term
impact of such education in hygiene does not appear to
show encouraging results. These limitations in the
control and epidemiological surveillance of helminthic
infections could be solved with a long term intersectoral
multidisciplinary proglramme.?’1 2

Finally, two limitations should be taken into account
when interpreting our results. Given the age distribution
of participants, the participation rate among working
age men was very low, which could be attributable to two
aspects: their absence from the community due to work
and a tendency of people in this group to refuse to
provide faecal samples. The other limitation is that the
collection of a single stool sample probably means the
prevalence was underestimated. Given the environmen-
tal conditions and geographical isolation, as well as a
lack of resources, it was not possible to obtain more
faecal samples.

CONCLUSIONS

All inhabitants of the two participating communities
considered themselves to be at risk of soil transmitted
helminth infection, despite having reported receiving
preventive chemotherapy in the month prior to the
study. For this reason, it is necessary to conduct holistic
studies focusing on communities, and not on captive
groups such as schoolchildren, with the object of pro-
posing more suitable and effective strategies to control
such infections.
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