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Abstract: Parasite distribution exhibit heterogeneity within households and communities. The aim of this study is to identify
the spatial distribution, clustering and associated risk factors of Soil-transmitted Helminths infection in a semi-urban area in
Southwest Nigeria. Geographical information System (GIS) was used to map the town into three density areas; low, medium
and high density areas. Two hundred and thirty six soil samples were obtained from the surroundings of 137 households and
stool samples were collected from the inhabitant of the households. Moran index was used to analyze the spatial distribution of
STH within the community. A total of 137 households were sampled for human STH and environmental soil samples from the
household were analyzed. The prevalence of human STH infection was 41.7% while that of soil parasite was 27.7% within the
selected household. Ascaris lumbricoides was the predominant STH infection in the community sampled with 24.1%
prevalence followed by Hookworm. Spatial analysis showed that 4. lumbricoides infection was significantly clustered only in
the GIS mapped medium density area of Igbo-Ora (z-score 2.302, p=0.021), while hookworm infection was randomly
distributed in all the GIS mapped areas of Igbo-Ora. There was a statistically significant association between human STH
infection and presence of parasite in the household soil (x* 5.74, p-value 0.017). None of the risk factors evaluated was found
to have significant association for the clustering pattern of infection found in the medium density area of the community.
Meanwhile, factors such as; the physical presence of a popularly patronized local market in the area, lack of any visible public
toilet and the use of bushes around the area by the people for defecation contribute to the reasons for the clustering of the
Ascaris infection. Also, the ability of Ascaris to withstand environmental conditions than other STH parasite may contribute to
the pattern observed. The differences in the pattern of distribution and associated risk factors revealed that environmental
conditions and exposure factors are major determinant of STH infection.
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In order to effectively control STH infection, there is a need
for accurate description and understanding of the geographical
distribution of infection. The initial difficulty presented by the
traditional cartography was one of the reasons for lack of
information about the spatial patterns of infection. These
difficulties have been dramatically resolved by the advent of

1. Introduction

The soil-transmitted helminths are a group of parasitic
nematode worms causing human infection through contact
with parasite eggs or larvae that thrive in the warm and moist
soil of the world's tropical and subtropical countries [1].
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the easy to use systems that will capture data, store it and
analyze it, this include global positioning systems and
geographical information systems [2]. The use of geographical
information systems, remote sensing and spatial statistics has
greatly enhanced the ability to map the distribution of STHs [1,
3]. Many epidemiological studies have been done by
examining the stool sample of the inhabitant, these results do
not indicate the extent to which the residents are at the risk of
parasitic infection but demonstrate the point prevalence of
infection within the community sampled [4]. Previous research
has reported marked heterogeneity in the pattern of parasite
distribution within individuals, households and communities
[5]. The use of geographical information systems has now
provided a novel understanding of ecology of infection. This
has led to the development of low cost ways to identify target
populations for treatment [2, 5, 6]. A GIS-based study in a
cohort of South African primary school children demonstrated
that within a smaller area, there is a pronounced spatial
clustering of infection, which according to the authors was
strongly influenced by several environmental factors [8].
Previous studies done in Brazil [9, 10] and in a rural
community in Uganda reported households clustering of
helminth infections [11]. A random distribution was reported
for hookworm infection in a study done in a rural community
of Cote d Ivoire [7]. There is paucity of information on the
spatial distribution of STH infection in Nigerian community.

Many communities in developing world are still not planned
and social amenities such as market place, town halls and
public places are not well catered for because of the
government non-involvement in their planning. These factors
tend to poses environmental hazards on the development of the
communities and the people cultural and behavior attitude.
Remarkably few investigations have been able to address
spatial determinants of infection within African communities.
For example, GIS-based studies in a cohort of South African
primary school children have demonstrated considerable
spatial clustering of infection within a smaller area, strongly
influenced by several environmental factors [8].

In the Nation-wide study done in Nigeria, it was reported
that 4. Ilumbricoides has the highest prevalence and
endemicity followed by hookworm and then 7. trichiura, and
that the important predictor of their spatial distribution is the
day land surface temperature and dense vegetation. [12].
Hence, there is a need for more information on the use of
GIS in the description of the spatial distribution of the STH
infection in Nigeria communities.

2. Methods
2.1. Study Area

Igbo-Ora town was divided into six local communities,
and each community has a traditional leader referred to as
‘Baale’ who are identified as Baba-aso of Igbole, Onisaganun
of Saganun, Oludofin of Idofin, Olu of Ibeerekodo, Olu of
Pako and the overall head, that is, the Kabiyesi is the Olu of
Igbo-Ora.

2.2. House Mapping

The town was mapped into three density areas: Low
density, medium density and high density areas depending on
the household clustering in each area. Seven clusters of house
density was identified which comprise of 4 low, 2 medium
and | high density areas. Base on this, 30% of the household
from each density area was randomly selected for the study
(Figure 2). Each household in the study was given a code
number and individuals in those household was allotted a
Personal Identification Code (PID).

A hand-held GeoExplorer Global Positioning System (GPS)
receiver was used to calculate the latitude and longitude of
each household participating in the study. Reading with a
resolution of 2m was taken at the front door or as near as
possible in order to receive a sufficient satellite reception and
an average of 10 readings of the co-ordinate was taken. Map
was created using ArcView 3.3 (Environmental System
Research Institute Inc., Redland, CA, USA).

Approval for the protocol was obtained from the Ethical
Review Committee of the College of Medicine, University of
Ibadan, Nigeria with approval number UI/EC/12/0267.
(Appendix 1).

2.2.1. Inclusion Criteria
(i) The individual enrolled in this study must reside in the
selected area over the last 24 months.
(i1) The member of the selected household is willing and
able to give consent to the study and in case of a minor,
the parent or guardians give consent on his/her behalf.

2.2.2. Exclusion Criteria
(i) The individual attend school or work full-time outside
the study area,
(ii))Received anthelminthic treatment within the last 12
months.

2.3. Parasitological Examination

Following the administration of the questionnaire, a 100
ml wide mouth screw-capped container pre-labelled with the
participant PID were distributed to all subjects for the
collection of their stool sample the next day. Uneducated
participants were asked to give a mark or signs by which they
could recognize each child/wards sample bottles. Their
ability to recognize the bottle was counter-checked. Each
subject was instructed to scoop a thumb size stool, parents
and guardians were instructed to monitor their children
during the sample collection to ensure that they place their
stool samples into the right containers. Both the wet
preparation and Kato-Katz techniques were performed. The
presence of any parasite was determined using normal saline
wet preparation methods, this is necessary to identify parasite
when the load is high and also to identify actively motile
parasite such as Strongyloides stercoralis. Kato-katz thick
smear technique was used as the concentration methods for
helminthes except for S. stercoralis. For the intensity of
infection, quantification of ova/eggs per gram of faeces (epg),
the ova was counted per gram of feaces.
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2.4. Soil Sample Analysis

Two soil samples were taken from two different locations at
20m distance from the entrance of each household according
to Stojéevii¢ et al. [13]. At each site, 500g of top soil was
taken with a small shovel in the area inside a quadrant of 25 x
25c¢m and 10cm in depth. This was put inside a labeled plastic
bag and taken to the laboratory [13]. These samples were
analysed in the laboratory using saturated ZnSO, solution in
centrifugation floatation method as described by Cheesbrough
[14] and modified by Stojcevii¢ [13].

2.5. Data Analysis

All collected parasitological and questionnaire data was
double-entered into an SPSS 15.0 database and STATA 12
(Stata Corp., TX USA) software and it was cross-checked.
Bivariate analysis was calculated for all variables to ascertain
the strength of association between the exposure and the
outcome variable, significance was at p <0.05. Multivariate
logistic regression was done using selected variables in
relation to the presence of STH infection. Chi-square test p<
0.05 was significant.

Prevalence of infection was expressed in percentage, and
intensity was measured by egg count per gram (EPG). Spatial
Analysis adopted a Bayesian geo-statistical approach
incorporating both spatial correlation and non-spatial
clustering at a household-level which provide the spatial
distribution of the infection in the community.

3. Result
3.1. Households Infection Within Each Community

Two hundred and thirty six (236) soil samples were
obtained from the surroundings of 137 households. Majority
of the soil samples were sandy soil 173 (73.3%) from 91
households, while 36 soil samples from 27 households were
mixture of sand and clay soil (15.3%) and 27 soil samples
from 19 households were clay soil (11.4%).

The prevalence of soil parasite in Igbo-Ora was 27.7% and

the parasite isolated are A. Iumbricoides 33 (24.1%),
hookworm 5 (3.6%), Taenia ova 2 (1.5%) and Schistosoma
haematobium 1 (0.7%) and S. stercoralis 1 (0.7%) (Figure 1).
The distribution of STH parasites in the soil within the
different four communities sampled in Igbo-Ora is in Table 1.
Soil samples were collected from between 31 to 38
households in each community and the result showed 16 out
of 36 households in Saganun have STH parasite in their
surrounding soil, contributing about 11.7% of the prevalence
of soil parasite in Igbo-Ora community, while the least was
found in Pako, contributing 4.4% prevalence to the infection
(6 out of 38 households). The distribution of parasites in the
environmental soil samples was found to be significantly
associated with the different community areas in Igbo-Ora.
(Chi-square 7.89, p-value 0.048).

3.2. Human STH Infection Versus Soil Parasite Within a
Household

Human STH infections was found in 57 (41.7%) out of the
137 households from where soil were sampled. Human STH
infection was significantly associated with the presence of
parasite in the environmental soil (x* 5.74, p-value 0.017).
Households with large number of participant were
significantly associated with the presence of parasite in the
environment soil (x* 33.73 p-value 0.0000).

3.3. Spatial Distribution of Soil-transmitted Helminths
Infection

Using Moran’s index to analyzed the statistical
significance of the distribution. Soil-transmitted helminths
infection was generally seen to be randomly distributed in
Igbo-Ora community. The location specificity was then
assessed; the result showed the z-score of 2.3 with p-value
=0.02 indicating a significant pattern of clustering for A.
lumbricoides infection within Isale-Oba community, which
was the medium density area in the community of Igbo—Ora
(Figure 3a). While Ascaris and hookworm infections were
randomly distributed in all other communities within Igbo-
Ora (Figure 3b).

a

a: An ova of Ascaris from soil sample
b: Teania ova from soil sample

b

Figure 1. Ascaris and Taenia spp. ova seen in soil samples using Zinc Sulphate floatation method.
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Table 1. The Prevalence of soil -transmitted helminth in the environmental soil samples around participants households in the different communities.
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No of household per community area where soil samples were taken

Parasite Present Igbole Pako Isale-Oba Saganun Total

Yes 8 (5.8%) 6 (4.4%) 8 (5.8%) 16 (11.7%) 38 (27.7%)
No 24 (17.5%) 32 (23.4%) 23 (16.8%) 20 (14.6%) 99 (72.3%)
Total 32 (23.5%) 38 (27.7%) 31 (22.6%) 36 (26.3%) 137 (100%)

Chi-square 7.89 p= 0.0

48.

Table 2. Summary table of Moran index value for the spatial distribution of Ascaris and hookworm in Igho-Ora.

Moran's Index Expected Index Variance z-score p-value Type Pattern
Igbole -0.016884 -0.0417 0.00316 0.44092 0.65927 Ascaris Random
Igbole 0.042867 -0.0417 0.0079 0.9511 0.34155 Hookworm Random
Isale Oba 0.314964 -0.0435 0.02425 2.30176 0.02135 Ascaris Clustered
Isale Oba 0.019422 -0.0435 0.09859 0.20033 0.84122 Hookworm Random
Saganun -0.02481 -0.0303 0.00783 0.06206 0.95051 Ascaris Random
Saganun 0.022089 -0.0303 0.0079 0.58933 0.55564 Hookworm Random

3.4. Community Specific Associated Risk Factor for STH Infection

Taking a further look at some of the likely associated risk factors that may be responsible for the clustering of A.
lumbricoides in Isale-Oba (Table 3). It was observed that only 7 households had access to toilet facilities in the community
while the remaining households use bushes around the areas for defecation. Majority of the Ascaris infection within the
participant from this same community were of heavy intensity Figure 4.

Table 3. Risk factors and prevalence of STH infection within the participants of Isale-Oba, Igho-Ora.

Intestinal helminthes

Risk factors Yes No (%) No No (%) Total No (%) % p-value
Sex

Male 9 (18.8%) 39 (81.2%) 48 (100%)

Female 16 (26.7%) 44 (73.3%) 60 (100%) 0.94 0.23
Age group

<l-5 0 (0%) 2 (100%) 2 (100%)

6-10 2 (8.7 %) 21 (91.3%) 23 (100%)

11-15 9 (32.1%) 19 (67.9%) 28 (100%)

16 -25 14 (28.0%) 36 (72.0%) 50 (100%)

26 -40 0 (0%) 1 (100%) 1 (100%)

41-50 0 (0%) 3 (100%) 3 (100%)

51-70 0 (0%) 1 (100%) 1 (100%)

>70 0 (0%) 0 (0%) 0 (0%) 6.74 0.35
House type

Concrete 16 (21.3%) 59 (78.7%) 75 (100%)

Mud 9 (27.3%) 24 (72.7%) 33 (100%) 0.45 0.33
Toilet Access

Yes 7 (25.0%) 21 (75.0%) 28 (100%)

No 18 (22.5%) 62 (77.5%) 80 (100%) 0.07 0.49
Toilet type

Water closet 5(29.4%) 12 (70.6%) 17 (100%)

Pit latrine 1 (10.0%) 9 (90.0%) 10 (100%)

Bush around house 19 (23.5%) 62 (76.5%) 81 (100%) 1.35 0.51
Hand washing habit

Before eating

Regularly 21 (23.9%) 67 (76.1%) 88 (100%)

Sometimes 4 (20.0%) 16 (80.0%) 20 (100%) 0.14 0.48
After the use of toilet

Yes 14 (20.6%) 54 (79.4%) 68 (100%)

No 11 (27.5%) 29 (62.5%) 40 (100%) 0.68 0.28
Shoe wearing habit

Regularly 12 (25.5%) 35 (74.5%) 47 (100%)

Occasionally 13 (21.3%) 48 (78.7%) 61 (100%) 0.27 0.39
Dirty finger nails

Yes 6 (22.2%) 21 (77.8%) 27 (100%)

No 19 (23.5%) 62 (76.5%) 81 (100%) 0.017 0.56
House surroundings

Neat 17 (25.4%) 50 (74.6%) 67 (100%)

Dirty 8 (19.5%) 33 (80.5%) 41 (100%) 0.49 0.32
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Figure 4. The intensity of STH parasite in Isale —Oba community, Igbo-Ora.

4. Discussion

Pullan et al., reported that only few studies within African
communities have been able to address the spatial
determinants of infections [11]. The presence of soil parasite
have been said to be an avenue by which human infection is
made possible, because the ova in the soil can be transferred
directly to the mouth [15] or to the vegetables and from
vegetable to mouth when eaten raw or poorly cooked.

In this study, Ascaris lumbricoides was the major parasite
found in the soil followed by hookworm and only one S.
stercoralis was found, other parasite found include Taenia
and S. haematobium ova. Similar result was recorded by
Adekeye et al [16] in their study done in Ibadan, wherein A.
lumbricoides was the predominant parasite followed by
hookworm and S. stercoralis and other parasites aside STH
were isolated. The pattern of parasite prevalence was slightly
different from what Ogbolu et al/ [17] recorded in their study
in Ibadan wherein hookworm was the most frequently
encountered parasite followed by S. stercoralis and A.
lumbricoides was found to be fourth on the line. The reason
for the highest prevalence seen may be explained by the
structure of the Ascaris ova, wherein the cuticle is thick, it
can withstand desiccation and it can survive better in the
environment than any other human parasite. Also the season
wherein the samples were collected may contribute to the
availability of one parasite specie than the others. This is
particularly  opposite  for hookworms (4ncylostoma
duodenale and Necator americanus), which have thin-shelled
eggs and free-living larvae that are very sensitive to
desiccation and cold temperatures. Meanwhile, Trichuris
trichiura (whipworm) have no free-living larval stages but
rather thick-shelled eggs that allow for prolonged survival
under harsh environmental conditions.

The observed prevalence of 41.7% human STH infection
and 27.7% of STH parasite in the environmental soil is a
pointer that there is a need to determine the distribution
pattern, exposure factor, the source of infection and possibly
the environmental factor responsible for the presence of the

infection. The geographic information system revealed that
both A. Ilumbricoides and hookworm were randomly
distributed in all the sampled areas except for Ascaris that
was found to be clustered in medium density area of the
community. The observed clustering of Ascaris in this region
showed the possibility of a major environmental factor,
predisposing individuals in this area to infection. The
physical factor that was seen that could be responsible for the
unique clustering of Ascaris in this location was the major
market. The market, Towobowo by name was, on a normal
day, a residential place, but every household and space
becomes a market stall every 5 days. This is being patronised
by everybody in the community, and there is usually a large
influx of people bringing in their farm produce for sales from
neighbouring communities. Buyers from other large cities
come to take advantage of the cheap farm produce. Data
from this community revealed that less than a quarter of the
participants from this locality reported to have access to toilet.
Less than 16% had water closet toilet type, 10% had pit
latrine and the remaining 74% of the participants living in
this place defecated in the bush around their homes.

It is of great interest to see that majority of the infection
intensity in the same community were of heavy intensity,
which may be an indication of continuous exposure and re-
infection. The reason for this may be as a result of repeated
exposure to the parasite, and non-treatment of the existing
infection over a long period of time, which enhanced the
chance of increased population of the parasite within the host,
since helminth do not multiply within their host. Other studies
have also demonstrated that females have heavier worm
burden [18]. Considering the individual community and the
risk factors of STH infection, the risk factors were not
significantly associated with STH infection in this community
representing the medium density area. This may be partly due
to the none participation of sizeable number of the adult
population in the communities, that is, Isale-Oba, and partly
due to the small sample size of the participants from this area.
This is one of the major limitations of this study.

Another important indicator is that there is no public toilet
in this location and the large influx of people into this place
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every five days increased the chance of the people making
use of open spaces around the dunghills to increase, thereby
making the parasite to be readily available in the community
soil, increasing the exposure of the resident to infection. Also,
during the rain, the ova in the soil could be washed down to
farm land and plants are contaminated with the ova of
Ascaris. According to the FEuropean Commission, the
definition of ‘contaminated site’: a site where there is a
confirmed presence, caused by human activities, of
hazardous substances to such a degree that they pose a
significant risk to human health or the environment, taking
into account land use [19]. Hence the presence of a large
volume of excreta in this community, qualify it as being
marked as a contaminated area, and therefore, the health of
the resident of this area is at risk of STH infection.

5. Conclusion

In conclusion, the different distribution pattern displayed
by Ascaris and hookworm in this study is an indication that
specific approach should be put in place to reduce or curtail
the prevalence and intensity of STH infection in our
community. More importantly, since the presence of the
parasite in the soil is the avenue by which human infection is
made possible, then specific measures like provision of
public toilets in all public places, such as, markets, hospitals,
schools, motor parks, etc., should be considered as an
important step to be taken by the government, this will
ensure a better health status for all.
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