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Interactions between the papers

The collection of parasitological examinations and other data for this study took
quite a long time (2002-2007). As the first three papers were written while the
data collection was going on, it was not possible to use the final sample in these
papers. Only the fourth paper could use information from all observations.

Four keywords can be highlighted to characterize the interactions between
the papers: 1) prevalence of enterobiasis, 2) risk factors and risk estimation,
3) methods for multivariate risk estimation and 4) distribution of enterobiasis
depending on geographical location (Fig.1).

The treatment of prevalence and risk factors started with the first paper using
only univariate methods. Data from only two counties was collected while the
first paper was prepared. The number of counties investigated increased by one
for the second paper. The analysis of risk factors and the estimation of risk
levels continued using a multivariate approach. The comparison and testing of
different multivariate risk estimation methods started with the second paper.

The effectiveness of repeated examination of enterobiasis was the focus of
attention in the third paper. Only nurseries from three counties (Pdlva, Hiiu and
Valga) were included in the sample where repeated examinations were carried
out. As repeated examinations improve the results of a single examination, the
keywords for this paper were again prevalence and multivariate risk estimation
methods.

The collection of data from eight counties was completed for the fourth
paper. Thus, the comparison of geographical regions and generalizations about
social and geographical factors became possible. The prevalence and risk
factors of enterobiasis continued to be related to geographical regions. The
comparison of risk estimation methods was also carried out. The new key idea
in the fourth paper was the influence of geographical aspects on the distribution
and prevalence of enterobiasis.
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I.INTRODUCTION
I.1. Parasitic worm Enterobius vermicularis

Pinworm (Enterobius vermicularis) is a contact helminth causing enterobiasis.
E. vermicularis is the most common helminth in temperate climate countries
(Gale, 2002) and is common in tropical climates as well (Norhayati et al., 1994;
Nithikathkul et al., 2001). Pinworm does not respect social status (Gale, 2002);
it is prevalent both in developing and developed countries (Haswell-Helkins et
al., 1987). It was a parasitic companion for humans already in ancient and
prehistoric populations, both in the old and new world (Hugot et al., 1999;
Horne, 2002; Kliks, 1990; Iiiguez, 2006).

Although successful and effective antihelminthic drugs have been available
for decades, enterobiasis still remains among helminthic diseases of major
public health importance, affecting approximately 1 billion people worldwide,
predominantly preschool and school age children (Cook, 1994; Grencis and
Cooper, 1996).

The main risk factors of enterobiasis are associated with indoor living
conditions and close contact with other people, as pinworms primarily spread
indoors directly from one human to another (Fig. 2). The most commonly
infected are children, particularly in groups.

Four methods of transmission are known: 1) direct infection from the anal
and perianal regions by fingernail contamination (autoinfection); 2) exposure to
viable eggs on contaminated objects; 3) by contaminated dust containing
embryonated eggs; 4) retro infection — after hatching on the anal mucosa, larvae
migrate into the sigmoid colon and caecum (Cook, 1994).

Though often asymptomatic, the most common presentation of enterobiasis
is perianal pruritus (Cook, 1994). Though the itching is usually most intense at
night, this may be disturbing, especially during social communication, or even
painful for children and also for adults during the whole day. The skin can be
excoriated and secondarily infected by bacteria (Burkhart and Burkhart, 2005).
Other symptoms attributed to enterobiasis occure rarely though cases are
described. These are abdominal pain, irritability, restlessness, insomnia,
dysuria, enuresis, vulvovaginitis and vaginal discharge in females (Burkhart and
Burkhart, 2005). Whether E. vermicularis is causatively related to acute
appendicitis, however, remains controversial (Cook, 1994). E. vermicularis
could also be more frequent in children with allergic disease compared to
nonallergic children (Herrstrom et al., 2001).



Enterobius vermicularis

Human is the only host

femal worms
deposit their eggs
on the perianal skin

infection occurs by
ingestion of eggs
via contaminated
hands, food, toys;
autoinfection is the
common form

of transmission

lé-f\

Outside the host

larvae become infective inside the eggs
within six hours; they distribute mostly indoor

K%

Figure 2. The life cycle of E. vermicularis
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1.2. Diagnosis of enterobiasis

Due in part to the nature of the life cycle of E. vermicularis the correct
diagnosis of this parasite is complicated. Though the life cycle takes place
within the lumen of the gastrointestinal tract, microscopic examination of faecal
samples is not recommended for diagnosis. Faecal samples give a positive
diagnosis in only a few cases: 5-15% (Cook, 1994). Anal swab examination is
the recommended method, although it also detects parasitism that has already
been terminated (Cho and Kang, 1975). A positive result from an anal swab
should not always be interpreted as a diagnostic criterion of a present infection
since positive cases may not have intestinal E. vermicularis, although negative
cases may (Cho et al., 1976). This results from peculiarities in the life cycle of
E. vermicularis. The gravid worm migrates from the colon through the anus and
expels eggs in the perianal region, after that the worm dies. Therefore, the
already terminated parasitism is detected by the examinations.

Autoinfection is frequent, causing common co-occurrence of different life
stages of the worms in the same child, but an anal swab cannot detect the young
stages. The proportion of positive results from a single anal swab can be far less
than the actual prevalence of E. vermicularis infections. Cho and Kang (1975)
found that 81.3% of negative cases of single anal swabs had various
developmental stages of E. vermicularis in the subject's intestine. The ratio
between anal swab results and actual pinworm infection is affected by several
factors, including the size of the parasite's brood, the intervals between re-
infection, and the distribution of the E. vermicularis burden in the community
being surveyed (Cho et al., 1976). Sadun and Melvin (1955) detected 60%
positives using a single examination in a heavily-infected group, but only 37%
positives in groups with a lower prevalence. A small number of egg-positive
children in consecutive examinations may suggest that the worm burden in the
positive children is low (Yoon et al., 2000).

The single anal swab method cannot accurately estimate the true prevalence
of the E. vermicularis infection in a community as it reveals only a fraction of
the existing infections (Sadun and Melvin, 1955). The increase in prevalence
from repeated examinations has varied study by study. Fan and Chan (1990)
found that the prevalence among nursery and kindergarten children increased
from 17.3% and 34.6% from a single swab to 44.4% and 70.2% after eight
consecutive swabs; the prevalence among primary school students increased
from 59.9% in a single swab examination to 77.3% after four consecutive
swabs. Kim et al (1991) found the increase of prevalence from 50.0-59.2% for
single anal swabs to 70.8% from three anal swabs repeated at 4-5 day intervals.
Two consecutive examinations may increase the egg detection rate by 4.2—4.8%
for low (around 10%) enterobiasis prevalence (Yoon et al., 2000). The triple
anal swab examinations presumably detect nearly 90% of infected individuals
(Sadun and Melvin, 1955; Cook, 1994).
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1.3. Enterobiasis and diagnosis in Estonia

Extensive prophylactic coprohelminthological studies of the Estonian
population were started in 1956, lasting capaciously until 1989. A total of 41—
55% of the entire population was examined every year from 1957 to 1986
(Jogiste et al., 2001). The number of perianal swab studies to detect enterobiasis
has increased greatly since 1972. The studies of perianal swabs engaged 11% of
the population in 1972, increasing up to 21% of the population in 1984 (Fig. 3).
All nursery school children were examined annually, which provided a good
overview of infected children and the potential for prevention. Since the
restoration of independence and reforms in the public health system in the
1990s, the number of helminthological studies has decreased noticeably in
Estonia (Communicable ..., 2000). As a result of long-term prophylactic
programs the prevalence of helminthiases essentially decreased. From 1960 to
1989, the number of cases of ascariasis decreased 25 times, trichuriasis 30
times, diphyllobothriasis 4 times, Taenia. solium taeniasis 26, 7. saginata
taeniasis 17, and hymenolepiasis 10 times (Jogiste and Barotov, 1993). In the
1990s, the most prevalent helminthiases remained: enterobiasis (92% from all
registered cases), diphyllobothriasis (4%), and ascariasis (3%) (Communicable
..., 2000).
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Figure 3. The number of examined swabs of enterobiasis and the number of positive
results. Data from Communicable disease statistics in Estonia (2000; 2005; Nakkus-
haigustesse ..., 2009)
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Table 1. Examination of enterobiasis in Estonia, 1999-2008 (Nakkushaigustesse ...,
2009)

Number of Number of Prevalence per P‘.)'r. cent of

Year positive swabs

swabs cases 100000 (%]
1999 37367 3025 209.2 8.1
2000 26600 2482 172.4 9.3
2001 23005 2361 173.1 10.3
2002 17572 1194 87.4 6.8
2003 12572 838 61.9 6.7
2004 9828 882 65.0 9.0
2005 8344 853 62.0 10.2
2006 6940 867 64.5 12.5
2007 8997 782 58.2 8.7
2008 8033 806 60.1 10.0

In spite of the prophylactic programs since the 1990s and effective
antihelminthic drugs, enterobiasis is the most common helminthiasis in Estonia
up to the present (Table 1), though the occurrence of cases has decreased from
30379 in 1983 to 806 cases in 2008. The number of anal swab examinations has
decreased in the same period as well: from 321757 in 1984 to 8033 in 2008.
The largest number of cases is characteristic of the age group 5-9 inclusively.
As much as 35.3% of all cases were found in this age group in 2007. In the
same year, 29.3% of all cases were found among nursery school children, yet
there were more cases among school children (Communicable..., 2000;
Nakkushaigustesse ..., 2009).

The study of 18 parasitological laboratories in Estonia resulted in the
conclusion that the most common parasite for laboratory examinations in
Estonia is E. vermicularis. The common method for its examination is
microscopic study of perianal swabs (Must, 2006). The cellophane tape method,
the other method widely used around the world for examination of
E. vermicularis, is little known in Estonia and not used in laboratories. This
method was known only in one laboratory from seven examined and was not
used even there, since the norm in Estonia is, as they said, the perianal swab
method (Sommer, 2008). The perianal swab method was compared with the
cellophane tape method and also the unstained tape-slide with stained tape-slide
in the same study. Only a third of children, who were Enterobius-positive
according to the tape method, were also positive using the perianal swab. More
eggs were found from stained tape-slides than from unstained slides (Sommer,
2008). The recommended stain for the slides is lactophenol cotton blue (Parija
etal., 2001).
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|.4. Space and risk factors of enterobiasis

There is a long tradition of using cartography in helping to understand the
epidemiology of soil-transmitted helminth diseases in tropical and subtropical
countries (Brooker et al., 2003; Abrahams, 2006; Brooker et al., 2006). During
the last decade, considerable progress has been made in the use of spatial
analysis and geographical information systems (GIS) to better understand
helminth ecology and epidemiology. These methods have enabled new insights
into the geographical ecology of infection and have made it possible to predict
spatial distributions of infection prevalence using statistical approaches
(Brooker and Michael, 2000; Brooker et al., 2006). Still, GIS and remote
sensing data can be applied for predictive mapping of helminth distribution if
the helminth’s development or any of its distributors depends on factors of the
external environment.

The prevalence of helminthiases, which are mainly related to social factors
including hygiene and are not directly dependent on natural conditions like soil,
climate, and vegetation, is not so easy to map geographically. E. vermicularis is
one of the helminthes associated with social factors. An understanding of a
geographical region could still have a descriptive value since the risk of
contamination depends on the overall prevalence of enterobiasis in a particular
region. All people, especially children, are exposed to a higher risk if the
parasite is common. In other words the probability of disease should have a
positive autocorrelation in a geographical area. Also, the risk factors related to
way of life are geographically and socially distributed — economic activity,
dominant living conditions, traditions of social communication and family size
depend on regions.

Therefore, the interpretation of geographical and social space and risk
factors are related in enterobiasis studies. Environment, risk factors and the
variability of the prevalence of enterobiasis have mostly been studied locally.
The investigations have covered only a single country or its sub-regions. Urban
and rural areas have been compared in several studies (Pezzani, 2004; Cazorla
et al., 2006). Day-care centres in residential areas have been compared with
those situated near traditional markets where the environment is not satisfactory
in terms of public health (Song et al., 2003). In Sivas, Turkey, students living in
an urban slum area and in an urban central area were examined (Celiksoz et al.,
2005). Two populations living and studying in different socioeconomic
conditions as a result of an earthquake were also compared in Turkey (Oztiirk et
al., 2004). The risk associated with wastewater in transmitting intestinal
helminth to a population living near an urban effluent was evaluated in
Morocco (Moubarrad and Assobhei, 2005). The risk factors and prevalence of
enterobiasis have been studied in different regions within Venezuela (Devera et
al., 1998; Acosta et al., 2002; Cazorla et al., 2006), the Republic of Korea (Kim
et al., 2003; Park et al., 2005) and in other countries.
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Epidemiological risk factors consist of the characteristics of people and the
environment that are related to a higher occurrence of a disease in a population.
The main risk factors for enterobiasis are associated with indoor living
conditions and close contact with other people. The hidden risk factors differ,
and may be related to socio-economic and cultural differences. The socio-
economic status of a family (Chan, 1985; Georgiev, 2001; Song et al., 2003;
Oztiirk et al., 2004; Artan et al., 2008; Wang et al., 2009), family size (Artan et
al., 2008), living in non-apartment dwellings (Sung et al., 2001), poverty and
overcrowding (Acosta et al., 2002; Cazorla et al., 2006), but also the edu-
cational level and employment status of parents (Artan et al., 2008) have been
studied. Also, personal and communal hygiene (Norhayati et al., 1994; Chih et
al., 1996; Herrstrom et al.,1997; Sung et al., 2001; Song et al., 2003), nail biting
and thumb sucking (Chih et al., 1996; Herrstrom et al., 1997; Sung et al., 2001;
Cazorla et al., 2006), gender (Acosta et al., 2002; Kim et al., 2003; Song et al.,
2003; Astal, 2004; Celiksoz et al., 2005; Park et al., 2005; Cazorla et al., 2006)
and age (Acosta et al., 2002; Song et al., 2003; Park, 2005; Cazorla et al., 2006)
together with some other factors have been revealed and estimated differently.

1.5. Risk estimation and prediction

Epidemiological risk can be estimated as the risk associated with an individual
or with a particular group of people, or alternatively, as describing certain
characteristics of the environment or people. The risk and risk factors of
enterobiasis have been estimated using both univariate and multivariate
methods in previous studies. The main method used to estimate the degree of
influence of a single risk factor is the odds ratio (OR); the main methods for
estimating the statistical significance of various risks analysed separately are the
x’-test and the Mann-Whitney U-test. Univariate risk estimation methods have
been used in a number of studies; for example, Sung et al. ( 2001), Song et al.
(2003), Pezzani et al. (2004), Celiksoz et al. (2005) and Artan et al. (2008).

Presumably, multivariate risk estimation is more reliable than univariate
estimations, which analyse every factor separately. The main techniques used in
predictive computational multivariate methods belong to statistical modelling,
artificial intelligence (AI) methods and data mining.

Logistic regression has been the most common method of statistical
modelling used for risk estimation, including epidemiological risks. It has often
been used to estimate the risk of enterobiasis as well (Sung et al., 2001; Song et
al., 2003; Pezzani, 2004).

It is necessary to find the best predictive combinations of explanatory
variables for successful risk modelling and predicting. The indicator value of
single characteristics can differ greatly if taken alone or if in combination with
other explanatory variables since many characteristics are inter-correlated or
duplicate each other. In most cases, it is sufficient to use only one explanatory
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variable from several similar variables. Multiple methods enable to search for
effective combinations of variables.

There are two factors that add importance to predicting the prevalence of
enterobiasis at a group level besides predicting at the individual level: the
chance of an individual being infected is difficult to predict, and the infection of
all members of groups depends on the prevalence in groups and all members of
infected groups are endangered as pinworm is a contact helminth.

A case-based reasoning-system enables us to compare data on every child
with database records and give similarity-based estimations of the infection risk.
Individual level estimations can be summarized to the group level and form the
basis for estimating group level prevalence.

The ultimate aim of the individual-based models for this study was not to
predict the enterobius positive/negative status of a child but to estimate the
enterobiasis prevalence in groups. We assumed that random biases in risk
estimations should at least partially smooth out according to the law of large
numbers. Risk models can be applied to different groups of children.
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2. OBJECTIVES OF THE STUDY

Pinworm is a widespread parasitic risk factor for a healthy environment, in
particular for children. It is usually considered a nuisance rather than a cause of
serious disease, and its treatment is straightforward; however, the correct diag-
nosis of pinworm is complicated and the elimination of the parasite from a
family group or institution often poses significant problems (Cook, 1994).
Therefore, prevention of contamination is essential and knowledge in addition
to medical treatment may play a key role in the prevention of enterobiasis
(Nithikathkul, 2005).

The prevalence of enterobiasis was examined thoroughly and consistently
from the late 1950s to the late1980s. Though, there is no reliable up-to-date
information about the occurrence of E. vermicularis in Estonia — as enterobiasis
is low symptomatic the examination occurred occasionally and these
examinations did not always give accurate results.

Risk factors of enterobiasis have been investigated in many studies over the
world, but not in Estonia. It is known that risk factors vary locally, depending
upon social, cultural and geographical spatial factors, so some of these may be
specific to Estonia. Knowing the risk factors would enable us to estimate the
prevalence and distribution of enterobiasis in Estonia using a minimal number
of direct examinations.

Univariate and multivariate risk estimation first of all using logistic
regression have been conducted in numerous studies of enterobiasis. Methods
that can be classified as applications of artificial intelligence have not been
tested up to now according to our knowledge. Studies of enterobiasis have been
local rather than observing larger regions or a whole country. The enterobiasis
prevalence for all counties in every year was known in Estonia for the second
half of last century. However, comparative treatments of enterobiasis pre-
valence and risk factors on the basis of geographical regions and generalizations
about the variability of the risk factors for all Estonia were missing.

The present study had the following aims:

1. To investigate the prevalence and possible risk factors of enterobiasis among
nursery school children of Estonia and to study correlations between the
prevalence, children’s households, habits, living conditions at home, and
also personnel and indoor conditions in nursery school groups (paper I, II,
III and IV).

2. To estimate the benefit from repeated examinations for the detection of
enterobiasis in nursery school groups in Estonia and the possibility to predict
the estimated prevalence for multiple examinations from the results of a
single anal swab examination in nursery school groups (III).
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3. To test the effectiveness of individual-based risk predictions using different
methods including similarity-based reasoning, to compare the best methods
for individual-based predictions of the prevalence of infection in groups and
the effect of sample size (I1, III and IV).

4. To find out how are the prevalence and the risk factors of enterobiasis
related to geographical regions and settlement size in Estonia (IV).

18



3. MATERIALS AND METHODS

3.1. Studies of nursery schools and children

The investigation of enterobiasis was conducted among nursery school children
in the capital Tallinn and seven counties (Tartu, PSlva, Parnu, Jarva, Hiiu, Ida-
Viru, Valga) in Estonia over the period 2002-2007 (Fig. 4). The anal swab
examination involved 3 131 children from 279 groups in 80 nursery schools
(Table 2). Six hundred and four of the children were examined two times and 96
of them three times. The number of children investigated in groups varied from

1-26, the number of groups per nursery school from 1-12 (IV Fig. 1A).
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Figure 4. Studied nurseries: the location and year of sampling
Table 2. The number of observations by regional units
Nursery Returned
Regional units Nurseries school Children | Swabs | questionnaires
groups (%)
Tartu county 9 31 442 442 337 (76)
Pdlva county 12 31 468 804 400 (85)
Pérnu county 13 50 536 536 445 (83)
Jarva county 12 37 414 414 374 (90)
Hiiu county 7 19 204 344 193 (95)
Ida-Viru county 11 43 387 387 356 (92)
Tallinn 9 53 491 491 395 (80)
Valga county 7 15 189 413 116 (61)
Total 80 269 3131 3831 2616 (84)
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The following four principles were followed in the selection of nursery schools
for our research: 1) selected nursery schools had to be spatially scattered in the
studied county; 2) rural areas, small towns and larger towns (if present in a
county) had to be represented; 3) consent from the head of a nursery school,
from the child and from the parents to conduct the investigation was obligatory;
4) all children who were allowed to participate in the investigation and were
present in the nursery school group on the day of sampling were examined.

Paper I
The research of enterobiasis among Southeast Estonian nursery school children
was conducted in two parts. Children mainly from Tartu county were examined
in 2002 and from Pdlva county in 2005. We examined 954 children in total
from 22 nursery schools.

There were 509 children examined in 2002 from Tartu county (in addition
two nurseries, one from Otepéd, another from Répina) and 445 in 2005 from
Polva county (Fig. 5A).

Paper 11

The investigation of enterobiasis was conducted among nursery school children
in four counties in Estonia (Tartu, Polva, Parnu and Jarva) from 2002 to 2006
(Fig. 5B). The total number of studied children was 1 905.
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Figure 5. Studied nurseries by papers: A — paper I, B — paper 11, C — paper 111
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Paper 111

The investigation of enterobiasis was conducted among nursery school children
in three counties (Pdlva, Hiiu and Valga) in Estonia over the period 2005-2007
(Fig. 5C). The double swab examination in Pdlva county was conducted in
spring 2005, and in Hiiu county in autumn 2006. The triple swab examination in
Valga county was conducted in spring and autumn 2007. The double swab
examination involved 604 children from 57 groups in 23 nursery schools.
Ninety-six children from 6 nursery schools in Valga county were investigated
three times.

Paper IV

The investigation of enterobiasis was conducted among nursery school children
in seven counties and Tallinn over the period 2002-2007 (Fig. 4). The anal
swab examination involved 3 131 children from 279 groups in 80 nursery
schools. Data from all examined children were included in this paper, yet only
the results of the first swab from repeatedly examined children.

3.2. Methods of data collection

The data was obtained from three sources: 1) perianal swabs from children for
the diagnosis of enterobiasis; 2) closed-ended questionnaires for children's
parents; 3) observations of nursery schools and structured interviews with
school staff.

Perianal swabs and examination

Infections of E. vermicularis were examined using the anal swab technique. The
swabs were collected using sterile dry swab tubes that were moistened in a 50%
solution of glycerol before sampling. Swabs were taken after breakfast just
before the children went outside. One slide was prepared from each swab in the
laboratory. The swab’s stick was turned 360 degrees in a drop of physiologic
saline on the microscope slide and then a 22x22 mm cover glass was mounted.
The whole slide was examined systematically line-by-line using a 10x lens for 4
to 5 minutes. If needed, the finding was verified using a 40x lens. The presence
or absence of E. vermicularis eggs was determined — the number of parasites
was not determined (Fig. 6). Repeated anal swabs (paper 1II) were taken from
children on the second or third day after the first swab.
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Figure 6. Enterobius vermicularis diagnostic stages: A, B —eggs; C, D — larvae

Questionnaires, interviews and observations

The data on possible risk factors were obtained from two sources: 1) closed-
ended questionnaires for children’s parents; 2) observations of nursery schools
and structured interviews with school staff. The aim of the questionnaire was to
identify possible factors of infection risk associated with children’s households
and homes. The questions addressed six topics (the number of questions in
brackets): personal data (5), household members and pet animals (3), previous
occurrence of helminthiases in the family (2), socioeconomic status of the
household (2), living conditions at home (8), the child’s habits and personal
hygiene (3). A total of 2 616 (84%) questionnaires were returned (Table 2).
Data on the children were included in the research even if their parents did not
return the questionnaire. In this case, we still recorded the child’s gender,
presence/absence of the infection, and in most cases were able to determine the
age of the child. The aim of the interviews and the observations was to identify
possible infection risk factors in nursery groups. The observations took place
only in those rooms where children spent considerable time: play rooms, eating
rooms, bedrooms and washing rooms. The observations concerned the number,
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purpose, sanitary conditions and state of repair of the rooms. The interviews
concerned sanitation and children’s hygiene, their habits and cleanliness.
Observations of rooms and interviews with supervisors took place in all nursery
schools groups.

The results of the anal swab examinations, each child’s personal data and the
results of the interviews and questionnaires were recorded in a Microsoft
Access database. The number of explanatory features in the database for every
child reached 77. Seven features concerned the child’s gender, age, habits and
personal hygiene, 15 features, the household and family and 55, the nursery
school.

3.3. Data processing

In paper I, the association of possible risk factors with the frequency of
enterobiasis was only estimated using the y2 test calculated in Statsoft Statistica
6; the significance level of 0.05 was applied.

In paper II, the machine learning and prediction software Constud
(http://www.geo.ut.ee/CONSTUD), which applies similarity-based reasoning,
was mainly used for the risk estimation. The introduction of Constud and its
application on tabular data was first published in this paper. Also, this was the
first application of Constud for processing epidemiological data. The
probabilities of the statistical significance of the difference between proportions
were calculated in Statsoft Statistica 6.1.

The risk of enterobiasis was also modelled using logistic regression and
classification trees in Statistica 7.1 (Statsoft) for comparison with Constud. The
fit of predictions obtained using different methods was compared using true
skill statistic (TSS — the proportion of true positives plus the proportion of true
negatives minus one). TSS was preferred to the commonly used positive
predictive value (PPV) since TSS is not dependent on prevalence (Allouche et
al., 2006). The best-fit, alternative to Constud, was obtained using a classi-
fication tree. These two tools were continually used in the subsequent parts of
the study.

In order to model the risk of enterobiasis at individual level (IIT), Constud
was compared with data mining methods in the Statistica 8§ Data Miner
(Statsoft) software package. Data mining methods that fit a binomial dependent
variable and a large number of nominal and numerical explanatory variables,
and are not sensitive to missing values in explanatory variables were compared:
k-nearest neighbours, boosting classification trees (BCT), random forest
classification (RF), support vector machine, Naive Bayes classifier, advanced
classification trees and automated neural network search. Random forest
classification and boosting classification trees models were trained both in equal
prior probabilities and estimated prior probabilities mode. The other methods do
not accommodate prior probabilities.
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Only the results of the first examination and all available characteristics on
the children’s homes and nursery groups were used as training data for all
modelling methods not giving any preference to the main risk factors known
from previous investigations where risk factors were compared one-by-one.
Estimations derived from the results of the first examination were compared
with the results of the following examinations. The fit of predictions was
expressed as the proportion of correctly classified cases and as TSS.

In paper 1V, two essentially different techniques that have been among the
most effective methods in earlier comparative studies (Elith et al., 2006; Remm,
2004; paper III) were compared: 1) boosting classification trees (BCT) in
Statsoft Statistica 8 Data Miner and 2) similarity-based learning of weights and
predictions in Constud. BCT represents deductive — top-down classification,
which gradually divides the solution space. Constud represents an extremely
empirical case-based approach that, instead of generalizations, describes
predictable classes according to exemplar-observations selected from the
training data. Also, the most indicative set of features is selected during iterative
learning of weights in Constud.

Missing data were replaced using mean values (numerical feature) or using
an unused code (nominal feature) in building BCT models since otherwise the
Data Miner software would ignore observations with missing data. Missing
values do not hinder predictions in Constud; a feature that has a missing value is
not taken into account in the calculation of similarity between two observations
— instead the prediction is calculated using other features.

The correspondence between model-estimations of infection presence/
absence and the results of anal swab examinations were measured using TSS.
The features more closely related to enterobiasis were selected and ordered
using the feature selection and variable screening (FSVS) module in the Statsoft
Statistica 8 Data Miner.
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4. RESULTS

4.1. The prevalence and possible risk factors
of enterobiasis

The prevalence

The prevalence was 21% according the whole study and 19% if only results
from the first examination were included. The prevalence in all counties was
similar, being mostly at 20-23%, except in Tallinn (nearly half lower than the
prevalence in other counties) and in Ida-Viru county (a little lower than in other
counties) (Table 3). This was higher due to repeated examinations. Regional
samples varied little during the study. The prevalence from study I resulted a
prevalence of 23% in Tartu county and 22% (26% according to repeated swabs)
in the nurseries of Pélva county.

By nursery schools the prevalence ranged from zero to 57%. Zero-
prevalence existed in five out of all 80 nurseries and only four if the results
from the repeated examinations in three counties were included. Prevalence was
more than 45% (according to the first examination) in five nurseries and 30—
45% in 15 nurseries, and exceeded 30% in more nurseries after repeated
examination (IV Fig 1). Prevalence did not reach such a high level in any
nursery in Tallinn.

The variability of prevalence among nursery groups was higher than the
variability between nurseries. The range was from zero (for 27% of groups per
single and for 26% per double examination) to 61%. A prevalence of 45% or
higher resulted from the first examination for 7% of groups and from repeated
examinations for 9%; 30-45% for 17% and 18% respectively. The highest
prevalence in a group in Tallinn was 44%.

From the children examined, 83% (2600) attended infected groups. The
prevalence was 30% among children from infected groups according to the first
examination, and 33% if the results from repeated examinations from three
counties were included.

The whole sample was divided into seventeen small geographical units (IV)
according to the combinations of the size of settlement and the geographical
district (counties). The highest prevalence of enterobiasis was characteristic of
rural units, except in Tartu county. The highest prevalence was in the Pdlva
rural unit — 32% according to the first examination, and in the Valga rural unit —
43% from double examination (Table 3).
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Risk factors
The different methods used in different parts of the study found similar factors
as the most important risk factors — including features connected with the age of
the children.

The frequency of enterobiasis was significantly related to the age of the child
according to all data and also in all geographical units (IV). From the study in
Tartu and Pdlva county (I), the overall infection rate among children from 1 to 3
years was 16%, among 4-year-olds —16%, among 5-year-olds — 30%, among
6-year-olds — 30%, and among those from 7 to 8 years — 42%. From the study in
Tartu, Pdlva and Péarnu county (II), the prevalence was higher among older
preschool children, being 13% among <4-year-old children, and 27% among
older children. The similarity-based risk-estimations yielded an even greater
difference, exaggerating the risk in the older group (II Fig. 2). The age-related
features of groups: age of children in the nursery school group that the child
attends (Fig. 7) and the range of age within the group, were also indicative. The
prevalence of enterobiasis was different in groups consisting of children with
little age difference, and in mixed-age nursery school groups (II). The feature,
mixed-age or single-age group, had the highest indicator value (prevalence 18%
in single-age groups and 38% in mixed-age groups) in small towns where both
mixed and same-age groups were common (IV).

0.8 7

Prevalence

0.2

O = T T T T T
1 2 3 4 5 6 7

Mean age of children in group [y]

Figure 7. Infection rate in nursery school groups related to the mean age of
children in the group according to single anal swab analyses — bold line, esti-
mated risk of enterobiasis — dashed lines
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The second group of risk factors — the number of communications and partners
— are partially included in the age-related features: the mean and range of the
children's age in a nursery school group. The score given to a nursery school
group for the general cleanliness and neatness of the members appeared to be a
good indicator of playmate-related risk. The infection rate of children from
larger families was higher in Tartu and Pdlva counties (p=0.005) (I), the
existence and occupation of other children in the family was always selected as
among the best predictive sets (II Table 2). The number of children in the
family was an essential risk factor everywhere except in larger towns (IV). The
risk-relevant communication partners at home were other children and pets (II
Table 3).

The feature most closely related to the occurrence of enterobiasis according
to the FSVS analysis of all data (IV) was the region according to a detailed
division (17 types). The main presumption for the distribution of enterobiasis is
the existence of infection and first of all, the occurrence of the parasite in the
same unit. In other words, enterobiasis has a positive autocorrelation in the
geographical area. Region, child age and range of ages in a nursery school
group were also among the 13 most indicative attributes in all three models
(Constud, BCT, RF) selected for predicting individual risks (IIT Table 5).

In some districts, the characteristics of personal hygiene and the cleanliness
of rooms were estimated as being among the most indicative characteristics,
although not according to the total sample.

In Tartu and Pdlva county, the washing of hands after visiting the toilet as an
aspect of personal habits was significantly related to infection rate (I). The need
to wash hands before meals becomes evident when combined with other factors;
for example, when considering children who do not always wash their hands
before meals, the prevalence among children who also cuddle their pets was
somewhat enhanced.

The prevalence and estimated risk were high in all cases if the child had any
extra habit, be it a pet for cuddling, finger sucking, nail biting, or putting things
into his or her mouth (II). Hand washing after toilet use was among the top 10
risk indicators in most of the investigated rural areas, and carefulness in hand
washing was among the most indicative features in major towns (IV).

Family income was not among the top 10 indicators in any region of Estonia.
The risk of enterobiasis also did not depend on the gender of the child or on the
educational level of the mother.
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4.2. The benefit of repeated examinations and
prevalence estimations compared to the results of a
single anal swab examination

Prevalence increased after double and triple examinations in all repeatedly
examined districts (Table 3). The overall mean prevalence of enterobiasis for
the entire sample of children twice examined increased 8% after double anal
swabs (III Table 1). The average efficiency (III) of double examination for the
entire data set was 37%.

The average prevalence of enterobiasis among nursery groups from two
single examinations varied between 0 and 59%. The range of increase in
prevalence resulting from double examination was 0-25% in groups. The
overall mean increase in estimated prevalence was 7%. The efficiency of the
double examination varied from 0 to 100% in groups, the mean value was
38.6% (Fig. 8). The prevalence increased in 79% of groups. The increase in the
estimated prevalence was a function of the prevalence according to the mean
single examination: less in groups having a lower prevalence and more in
groups with a higher prevalence — except for groups where the preliminary
prevalence was the highest (I1I Table 2).

g i efﬂaency of double sampling
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Nursery groups ordered by prevalence estlmated from the mean of smgle exams

Figure 8. Increase in estimated prevalence after double examination in nursery school
groups

In the sample of triple examined groups, prevalence increased in 10 groups out
of 57 after double examination and continuously in 9 out of 12 triple examined
groups (Fig. 9). The average prevalence among groups from two single exami-
nations varied between 0 and 41%. The range of increase in prevalence from the
double examination was 0-21% in groups, average increase 9%; the increase
from the triple examination was 0-21%, average 7% (I1I Table 3).

29



0.8 1
Increase of prevalence
0.7 7 from triple sampling —

0.6 7 Increase of prevalence

§ 0.5 4 from double sampling I
@ 0.4 Average prevalence
‘§ : from single samples
2 03+
o
0.2
0 T T T T T T 1

Groups

Figure 9. Increase in estimated prevalence after double and triple examination in triple
examined groups

The three best methods for estimating individual risk levels (RF, BCT and
Constud) were able to predict the actual results of the second examination —
about two thirds correctly classified, TSS=0.35. The best TSS results for the
three methods for predicting individual risk were RF using equal prior
probabilities (63.6% correctly classified, TSS=0.332), BCT using estimated
prior probabilities (64.9%, TSS=0.338), and machine learning using Constud
(73.8%, TSS=0.388). Constud was superior in recognizing true negative cases,
while BCT and RF succeeded better in predicting true positive cases (III Table
4).

4.3. The effectiveness of individual-based risk
estimations, comparison of prediction methods
and the effect of sample size

In paper 11, the highest TSS attained in the 10 machine learning processes using
Constud was 0.381; the mean was 0.368. Nearly equally good estimations can
be obtained from many different sets of explanatory features. The TSS training
fit of the best logit-model was <0.244 in the simple training sample and 0.439 in
the equalised training sample; the best validation fit remained at 0.237. The best
classification tree estimated the risk at TSS=0.775 in the training data, 0.18 in
the cross-validation sample and 0.35 in all data. Over fitting of the tree is
obvious. Healthy children were predominantly correctly recognized by Constud,
but about a half of the predicted cases of enterobiasis were not confirmed by the
single anal swab laboratory analysis (II Fig. 1); that is, the number of false
positive predictions was remarkable. The overall prevalence was 22.8%
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according to the examinations. The case-based prevalence estimations varied
between 34.5% and 47.8% (average 42.8%) in the results of 10 parallel
estimations. The most similar exemplars for the largest number of children
(79.3%) were all either exemplars of infected or non-infected children, 20.7% of
children were similar in both categories to a certain degree.

In paper III, the estimated overall prevalence calculated using the three
methods (Constud, BCT and RF) was 31.1% according to Constud, 43.7%
according to BCT and 45.7% according to RF. The mean TSS-fit for Constud
was lower in groups with more than ten children (TSS=0.295, versus
TSS=0.587, n=31 and 28, p=0.002, Mann-Whitney U-test). Many small groups
were not infected and the few children in these groups were commonly
identified as not infected. The explanatory features selected by these three
methods as the most useful for distinguishing positive and negative cases were
not the same (III Table 5). The classification tree methods relied more on child
and family characteristics, whereas Constud selected characteristics of nursery
groups. Region, child age, and range of ages in nursery school groups were
among the 13 most indicative attributes in all three models.

The prevalence estimations in groups calculated from individual level
predictions varied between 0.17 and 1.0, but still correlated strongly with the
results of single (R=0.666), double (R=0.613) and triple examination
(R=0.583). Constud estimated 31.5% of detections (SD=0.268) for the mean
prevalence in groups, which is greater than the result of 20.4% from single swab
examinations (SD=0.162), 27.4% (SD=0.201) for double examination, and
29.1% (SD=0.216) for triple examinations.

The internal fit of Constud predictions depended on the size of the training
sample. Constud reached high training accuracies when using small samples,
but these accuracies were not valid outside the sample — a phenomenon of over
fitting (IV Fig 2B, 3). The training accuracies of BCT models were generally
lower — the BCT method may drastically fail in cross-predictions if the learning
sample is less than 500 observations. The external fit of Constud predictions did
not indicate any dependence on the size of the training sample.

Internal and external fit converged for both methods (BCT and Constud)
when the training samples increased. The model derived from a larger training
sample is more likely to be valid outside the training data; or in other words, is
more universal. The high risk of over fitting in Constud, while using samples
approximately less than 500 observations, also became evident when using
random training samples of 5 to 50% of the size of all observations (IV Fig. 3).
On the other hand, Constud was ineffective or at least time-expensive in finding
a predictive set of weights for features and exemplars when the training sample
was large (more than 1000 observations). BCT was much more efficient in
finding a more generalized model from a large training sample.
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4.4. Enterobiasis related to geographical region and
settlement size, spatial autocorrelation of prevalence

The mean prevalence of enterobiasis according to geographical region in
Estonia was 26% in the southeast, 20% in the southwest, 27% in the northwest,
17% in the northeast and 22% in the central part of Estonia; according to
settlement type the mean prevalence was 14% in large towns, 19% in small
towns and 28% in rural settlements (Table 3). Enterobiasis in the capital of
Estonia, Tallinn, was remarkably less frequent (10%) than in other parts of
Estonia (Table 3) (IV Fig. 1B). Prevalence in the other larger towns was 16% in
Pérnu and 23% in Tartu; the prevalence of enterobiasis differed among small
towns (13—32%) and rural settlements (20-43%). The dependence of prevalence
on the most detailed geographical units (n=17) was more significant in
southeast Estonia and among rural settlements, which both were represented by
a larger number of sub-divisions (IV).

Differences in risk factors became evident in connection with the settlement
type; this probably results from differences in social conditions or life style. The
number of children in the family was an essential risk factor everywhere except
in larger towns; also, the occupation of other children was not a significant
factor in Tallinn and in the predominantly industrial towns of northeast Estonia,
where the mean number of children per family was relatively small (IV Table
2). Mixed-age groups had the highest indicator value in small towns where both
mixed and same-age groups were common. The prevalence of enterobiasis was
remarkably higher in mixed-age groups in eastern and central Estonia.

The indicator value of some features depended on settlement type as well. In
large towns, the general cleanliness of children in the nursery group was ranked
first (FSVS in Statsoft Statistica Data Miner), and presence/absence of soft toys
in the nursery and hand washing habits had a relatively high rank (VI Table 3).
Carefulness of hand washing was also among the most indicative features in
major towns.

Feature ranking in smaller geographical samples seems to be largely casual,
and probably simply due to the smaller sample size. Hand washing after toilet
use was among the top 10 risk indicators in most of the investigated rural areas.
The number of rooms for a nursery group was related to the risk of enterobiasis
mainly in Tartu where this figure is the lowest (average number rooms=1.2 in
Tartu; in all data 1.9).

The fit of BCT cross-predictions was slightly higher if the distance between
samples was less than 200 km; at larger distances the mean fit of BCT cross-
predictions was lower than expected from the random assignment of the
infection risk (mean values 0.040 and —0.001, p = 0.029, two-sided t-test). The
mean fit of mutual cross-predictions was higher (over 0.1) between
geographical subdivisions within southeast Estonia

Spatial autocorrelation of the prevalence of enterobiasis in nurseries
expressed as the Moran’s [ is generally low being significant at p<0.01 level
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(I = 0.2217) only within distance up to 20 km (VI Fig. 5). This indicates some
similarity of prevalence in nurseries within the same settlement and within the
detailed spatial units used in this study but not at larger distances.
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5. DISCUSSION

The prevalence found from this study was quite high, even more than 19% (I).
In other words, one fifth of all nursery children in Estonia are infected. This
may be nearly 10500 children if we consider the mean number of nursery
children within a year during the period from 2002 to 2007. Prevalence may be
even higher as this was the result from a single study, which shows only a part
of the prevalence as a rule (III). Also, the method of examination was anal
swabs, which is less productive than the tape method (Sommer, 2008). A high
prevalence of enterobiasis, especially among children, from several other
countries has also been reported. According to a review on parasitic diseases in
the Republic of Korea, E. vermicularis infection is considered not to have
reduced significantly; even in the 1980s and 1990s, the prevalence among
children has remained approximately 30%—-60% (Shin et al., 2008). Although
some investigations in Korea have found a lower prevalence: 9.5% (Song et al.,
2003) and 18.5% (Park et al., 2005). In Turkey, the prevalence has been 5.1%
among preschool children aged 5-7 (Artan et al., 2008), according to other
investigations among primary schools students 15.6% (Celiksoz et al., 2005), in
Argentina 41.4% (Pezzani, 2004), in Venezuela even so high as 57.8% (Acosta
et al., 2002) and 63.2% (Cazorla et al., 2006). Prevalence is much lower among
nursery school children in Bulgaria, 3.7-6.2% (1991-2000) (Kurdova, 2001)
and 5.2% among 344 children examined in Finland (Kyronseppd, 1993). In
Sweden the prevalence was 37% among allergic children, compared to 23% in
the no allergic control group (Herrstrom et al., 2001).

Only 230 cases of enterobiasis (0.4% from nursery children) are known
among nursery children in Estonia according to the official statistics in 2007
(Nakkushaigustesse ..., 2009). Of course, the data collection purposes and
methods for research and official statistics differ, so it is not correct to compare
these numbers. We can only conclude from the official data on enterobiasis in
Estonia that there is insufficient monitoring at the present time.

Children belonging to the infected groups (83% of studied children) are
endangered in the nursery environment first of all. The prevalence among
children from infected groups was 30% according to single examinations. If we
take into account the efficiency of triple examinations (III), the real prevalence
could be 56% or higher. Such a high prevalence has also been found in
Venezuela and Argentina (Acosta et al., 2002; Pezzani, 2004; Cazorla et al.,
2006). The nursery group the child belongs to can be taken as an important risk
factor. Only a quarter (27%) of all studied groups seemed to be non-infected.

Enterobiasis infection in a person cannot be detected for certain. For nursery
children, the possibility of becoming infected depends on the prevalence within
the group, as every child who belongs to an infected group can get enterobiasis
at any time. The relatively high number of infected groups shows the danger
even better than the prevalence among individuals.
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The predicted prevalence was higher than found by the examination of
swabs. The larger number of false-positive estimations can be attributed to the
objective function, where the shares of true positive and true negative have
equal weight, and by the lability of actual infection compared to the more stable
risk of infection. The detected infection is even more difficult to predict since
not all cases of infection are discovered by anal swab analysis (II). The case-
based risk estimations enhanced differences, as is generally expected from an
indicator — in general the differences in risks were much larger than the
differences in prevalence. For instance, the risk was estimated to be five times
higher in the groups that got a mark of poor for general cleanliness than in the
groups assigned excellent — the prevalence was, however, barely two times
higher (II).

The ultimate aim of the individual-based models in paper III was not to
predict the positive/negative enterobius status of a child, but to estimate
enterobiasis prevalence in groups. The results of study confirmed that
individual-level modelled risk predictions can support or be an alternative for
the estimation of the expected prevalence of enterobiasis (IIT).

One part of the investigation was to test the efficiency of case-based
reasoning (CBR) system Constud in epidemiological predictions using tabular
data. CBR has proved its strength in many weak-theory domains, in which a
great number of single examples and case studies predominate over deduction,
and in which large databases of previous cases exist, including medicine
(Schmidt et al., 2001; Bichindaritz et al., 2006).

The main differences between Constud and traditional methods of statistical
modelling are as follows.

1. The estimations in Constud are derived from the most similar feature
vectors. Generalization in the form of a model, like in the case of traditional
statistical methods, is not created.

2. Traditionally iterative model fitting in the case of advanced statistical
methods complete when a given criterion is reached or a given number of
iterations is passed. Search of the best solution in Constud is a continuous
iterative process. Experience obtained during the process is saved in a
knowledge base as values of actuality.

3. Features and cases can be added to and excluded from the knowledge base
without interrupting the learning process. The hitherto best set of weights for
features and exemplars can always be used for predictions. There is no need
to generate a new model, like in the case of modelling, when additional
observations or features have been added to the knowledge base. Supple-
mentary machine learning involving new data is recommended but not obli-
gatory.

4. Feature vectors, parameters, results of iterations and metadata are kept in a
single relational knowledge base, which is not the case in most other
software packages.
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According to the methodological comparisons of this study there were three

major advantages of Constud compared to the tested regression and classi-

fication tree models. Most statistical methods did not reach the prediction fit
obtained by Constud.

1. Only the methods boosted classifications trees and random forest were at the
same level according to the objective function TSS (II, III). Constud was
able to yield the highest overall fit of individual-based predictions while
boosting classification tree and random forest models were more effective in
recognizing enterobius positive persons.

2. Leave-one-out cross validation does not demand exclusion of a large amount
of observations from training data to a validation sample. A large number of
explanatory features yields in many nearly equally effective sets of
predictive features but does not hinder the calibration of a similarity-based
prediction system.

3. Observations containing empty fields are not used in the calibration of
regression models and in the classification tree methods in Statistica.
Constud is unaffected by missing feature values. The similarity between two
cases is calculated using only those features that have values (II).

The main present drawbacks hindering wider application of Constud are
complicated using and the time spent for calculations. A shortage is also that
predictive sets in Constud tend to be over fitted if the number of training
observations is less than 500. The solution fits relatively well inside the training
set yet is deceptive outside the learning sample. The internal and external fit of
BCT predictions differs less in moderate size samples. Both methods failed to
offer reasonable cross-predictions if the training sample is less than 300
observations (IV).

The predicting system can produce effective estimations in spite of the above
mentioned shortages. Cooperation with additional infotechnology experts could
develope the system more competitive.

Enterobiasis risk was universally related to children's age in all geographical
units of Estonia (I, I, IV). Nursery age and younger school age are mentioned
in numerous publications as the more common ages for enterobiasis. This study
shows a significantly higher occurrence of enterobiasis among 5-8 year old
children (I) who are the oldest children in nurseries. This is in agreement with
other studies (Norhayati et al., 1994; Song et al., 2003). The causes of this trend
could be: inadequate personal hygiene of older children, more physical contact
with their friends and playing with dirty toys (Song et al., 2003). Another
possible cause is iterative self-infection if an earlier infection has remained
untreated.

In previous studies, the age of each child has predominantly been related to
infection risk, not the mean age in their nursery school group. The extent of the
variability of the age of children in a group has not been analysed until now
according to our knowledge (II). Mixed-age groups with an age range over 4
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years turned out to be a significant risk factor for the younger members of the
group. Prevalence is usually low among children aged 1-4, in mixed-age groups
they are likely to be infected by their older companions. The prevalence of
enterobiasis was remarkably higher in mixed-age groups in eastern and central
Estonia.

Family size was a significant risk factor of enterobiasis in our study and also
in studies of Artan et al. (2008) — children from large families are infected more
often (I) as a result of more frequent contact with other children. First of all, this
factor has sprung up in regions where families of various sizes exist, mainly in
rural settlements. Other investigations have not proved the significance of
family size for the risk of enterobiasis (Chan, 1985; Norhayati et al., 1994; Song
et al., 2003).

Risk and indicator factors vary by regions. As a rule, locally more variable
factors have a higher indicator value for predictive models. For example, other
children in the family, and especially other nursery children, are a major factor
of enterobiasis risk mainly in the countryside where the prevalence of
enterobiasis is higher. The number of children per family is less and children
are at home less in large towns. Therefore, the probability of being with a conta-
minated person is distributed more equally among urban children, which gives
personal hygiene (hand washing quality) a higher weight as a risk-reducing
factor (IV).

The features of personal hygiene and the sanitary situation in rooms, which
have been significant in some other studies (Norhayati et al., 1994; Chih et al.,
1996; Herrstrom et al., 1997; Sung et al., 2001), were significant only in some
regions in this study.

The prevalence of enterobiasis in Estonia is higher in rural settlements and
lowest in the capital of Estonia, Tallinn; it is also low in the industrial towns of
the northeastern part of the country (IV). A much lower prevalence of
enterobiasis in urban areas than in rural communities has also been described by
Cazorla et al. (2006) in Venezuela. The prevalence was quite low even in small
towns in comparison with rural areas. However, the living conditions in small
towns and in villages seem to be similar in Estonia contrary to Venezuela
(Cazorla et al., 2006). The socioeconomic status of the family is mentioned as a
risk factor of enterobiasis in publications (Celiksoz et al., 2005; Cazorla et al.,
2006; Wang et al., 2009, Artanet al., 2008). Ida-Viru county is among the
lowest income regions of Estonia. So, a high prevalence was expected.
Actually, the prevalence of enterobiasis in the industrial towns of northeastern
Estonia was lower than in other areas, except Tallinn, while the prevalence of
enterobiasis in the rural part of Ida-Viru was at the same level as in other rural
areas (IV).

Differences in the prevalence of enterobiasis were statistically significant
between the detailed geographical units. These units carry information on the
distribution of the prevalence of enterobiasis, and possibly also about
geographical differences in risk factors, since the prediction models worked out
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for one geographical unit usually do not work for other units. If a local or
environmental factor influencing the risk of contamination is constantly high in
a region, it can be treated as a geographic characteristic of that region. Positive
spatial autocorrelation at distances up to 20 km also indicates that first of all the
smaller geographical units are related to the distribution of enterobiasis not
larger regions. The distance up to 20 km is common for everyday movement
and contacts of people. It is also about the radius of the detailed spatial units of
this study (IV).
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6. CONCLUSIONS

This investigation focused on the prevalence, prediction, risk factors and
geographical aspects of enterobiasis in Estonia. Enterobius vermicularis is a
widespread parasitic risk factor for a healthy environment, in particular for
children. The correct diagnosis of pinworm is complicated and the elimination
of the parasite from a family group or institution often poses significant
problems though its treatment is straightforward. There was not reliable up-to-
date information about the occurrence of E. vermicularis in Estonia. The main
results of this study are as follows.

1.

As a rule, the actual prevalence of enterobiasis is higher than indicated by a
single examination. The group level estimation of prevalence deduced from
risk predictions modelled at individual-level, repeated examinations and
using the values of the mean increase in prevalence after double
examinations found in this investigation are the options to get a more
realistic estimation for prevalence.

. From risk modelling methods, a similarity-based machine learning and

prediction software Constud, random forest classification and boosting
classification trees from the Statistica 8§ Data Miner software package were
successful. Detailed description of the software system Constud was
published in an international journal for the first time.

. Features as: region according to the detailed division, the age of the child,

the mean age of the children in the nursery group, the range of children age
in the nursery group, the general cleanliness of children in the nursery group,
the number of children in the family, pets of the family, other children in the
family attending a nursery or elementary school and features of individual
hygiene were among the more indicative features for risk modelling. The
family income, gender of the child and also educational level of child’s
mother had a low indicative value.

As a rule, the locally more variable factors have a higher indicator value for
predictive models. The best indicator features differ in geographical space
since the variability of features varies locally. Knowledge of the detailed
region appeared to be a good indicator of infection — the prevalence of
enterobiasis is positively autocorrelated in space.

The mean prevalence of enterobiasis according to settlement type varied
being the lowest in the capital of Estonia — Tallinn and the highest in rural
settlements. The overall mean prevalence from single examinations was
19%, the estimated mean prevalence in groups derived by Constud was
much higher 31.5%. This estimation is still fitting with the results from triple
swab examinations. As much as three quarters from all studied nursery
school groups turned out to be infected. This indicates to the real infection
threat for all children belonging to these groups, also for the family members
and the staff of nurseries.
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6. The prevalence of enterobiasis among nursery school children is high in
Estonia. This can be even over 40% if to take into account the results from
the multiple examination and calculated predictions. 83% of studied children
belonged to the infected groups.
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SUMMARY IN ESTONIAN

Enterobiaasi geograafilisi aspekte Eestis

Enterobiaasi pdhjustaja, naaskelsaba (Enterobius vermicularis), on maailmas,
sealhulgas paraskliima voondis, laialtlevinud kontakthelmint, kellega nakatuvad
eelkdige vanemas lasteaiaeas ja nooremas koolieas olevad lapsed. Parasiit on
eriti levinud lastekollektiivides. Kuigi iiks enamlevinud helmintidest ka are-
nenud riikides, on naaskelsaba diagnoosimine ja nakatatuse dige taseme kind-
lakstegemine sageli aegandudev. Ravi on kiill lihtne, kuid naaskelsabade torju-
mine perekonnast voi lasteriihmadest vOib palju vaeva nduda. Lihtsam on
nakatumist viltida. Selleks on vajalik teave olemasolevast nakatatusest ja
riskiteguritest. Naaskelsaba on oma elutsiiklis védga tihedalt inimesega seotud
parasiit. Kuna sotsiaalsed, majanduslikud, kultuurilised tingimused ja tradit-
sioonid on maailma eri piirkondades varieeruvad, on seda ka enterobiaasi riski-
tegurid. Enterobiaasi esinemist, riskitegureid, ravi ja diagnoosimise tShusust on
uuritud paljudes maades. Suuremat territooriumi (kogu riiki) vordlevalt kisitle-
vaid uuringuid ei ei ole autorile teada. Kirjeldatud on enterobiaasi lokaalset
esinemist voi vorreldud nakatatuse erinevusi liksikutes piirkondades.

Uuringu eesmirgid olid jirgmised.

1. Kirjeldada enterobiaasi levikut ja riskitegureid Eesti lasteaiariihmades, vélja
selgitada nakatatuse seos erinevat tiiiipi teguritega.

2. Hinnata kordusuuringu tShusust enterobiaasi tuvastamisel lasteaiariihmades
ja tegeliku nakatatuse hindamise vdimalikkust lasteaiarithmade iihekordse
uuringu tulemuste pdhjal.

alusel rithma nakatatuse kindlakstegemisel ja selgitada oppevalimi suuruse
mdju hinnangu edukusele.

4. Vilja selgitada enterobiaasi nakatatuse ja riskitegurite seos geograafiliste
piirkondadega ja asumisuurusega.

Uuringumaterjal koguti 2002-2007 aastal. Uuring toimus seitsmes Eesti maa-
konnas ja Tallinnas. Uuringusse haarati 279 riihma 80 lasteaiast. Kokku uuriti
3131 last, mis moodustas 5,8% uuringu ajavahemiku keskmisest aasta laste-
aialaste hulgast. 604 last uuriti kahekordselt ja 96 last kolmekordselt. Kordus-
uuringute tottu oli laboratoorselt uuritud perianaalkaabete arv 3831. Lapse-
vanematelt saadi tagasi 2616 tdidetud ankeeti, koikides riihmades viidi l4bi
rithmaruumide vaatlus ja struktureeritud intervjuu dpetaja voi abidpetajaga.

Vaatlused jagati geograafilisteks valimiteks kolmel viisil: 1) kuueks regioo-
niks vastavalt geograafilisele paiknemisele; 2) kolmeks ldhtuvalt asumi suuru-
sest: suured linnad, vdikesed linnad, maapiirkond; 3) detailseteks piirkondadeks
kombineerides asukohta ja asumi suurust (17 piirkonda).
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Andmeanaliiiisi abil selgitati vilja enterobiaasi riski hindamiseks sobivad

indikaatortunnused Eestis. Enterobiaasi hindamisel kasutati ja hindamise tohu-
suses vorreldi Statsoft Statistica andmekaevandamispaketti kuuluvaid meeto-
deid ja Tartu Ulikooli geograafia osakonnas arendatud tarkvara Constud.

Peamised tulemused ja jéireldused olid jéirgmised.

1.

Enterobiaasi esinemissagedus lasteaialaste seas on kdrge. Arvestades mitme-
kordseid uuringuid ja hinnanguid, vdib nakatunud olla ligi 40% lastest.
Kolmveerand uuritud rithmadest olid nakatunud. 83% uuritud lastest kuulub
nakatunud rithmadesse. Kodigil nakatunud riihmadesse kuuluvatel lastel on
suur tdendosus nakatuda.

. Suurema indikaatorvéirtusega tunnused on: piirkond; lapse vanus; rithma

vanuselised tunnused — laste vanus rithmas, vanusehaare rithmas; suhtlus-
partneritega seotud tunnused — rithma kuuluvate laste puhtus, laste arv peres,
koduloomad, pere teiste laste tegevus; individuaalne hiigieen; rithma
ruumide puhtus. Viheolulisteks osutusid: pere sissetulek, lapse sugu ja ema
haridustase.

. Uhekordse uuringuga saadud enterobiaasi nakatatuse tulemused on reeglina

puudulikud. Soovitav on kasutada mitmekordset uuringut voi lisada rithma
ithekordsest uuringust saadud nakatatusele kéesolevas uuringus leitud topelt-
uuringutega lisanduv keskmine nakatatus voi siis arvutada tegelik nakatatus
mudelist.

edukad Random Forest Classification,, Boosting Classification Trees ja
Constud. Tarkvaraga Constud saadi mitmekordse uuringuga histi kokku-
langev riihma nakatatuse hinnang: 31,5%. Laboratoorsel uuringul saadi
nakatatuseks: iihekordse kaape tulemusel 20,4% , kahekordse kaape
tulemusel 27,4% ja kolmekordse kaape tulemusel 29,1%.

. Tarkvara Constud kasutati esmakordselt tabelandmete ja epidemioloogiliste

andmete tootlemisel, avaldati esmakordselt tarkvara kirjeldus rahvusvahe-
lises ajakirjas.

Korgeim nakatatus esineb maapiirkondades, madalaim suurtes linnades (eriti
Tallinnas ja Ida-Viru linnades). Detailsed piirkondlikud iiksused on head
nakatatuse indikaatorid, positiivne ruumiline autokorrelatsioon leiti 20 km
ulatuses. Kui nakkus on piirkonnas olemas ja mida kdrgem see on, seda
enam on koik inimesed piirkonnas ohustatud.

Enterobiaasi ennetustods lasteasutustes tuleks tdhelepanu poorata rithmade
nakkusvabaks muutmisele ja nakkusvabana hoidmisele.
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