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Introduction
Intestinal parasitic infections have been reported to have high 

prevalence among children in Nigeria because of their vulnerability [1- 
6]. These parasites constitute a global health burden. Yet, information 
on their mapping is scare. Information on Geo-mapping of Intestinal 
parasites in Nigeria is scanty and such data are not readily available in 
Rivers State.  In Africa, a 1987 survey was undertaken in Cameroun, 
[7,8] and a 2002 survey in Uganda [9]. There have been two geostatistical 
analyses of intestinal nematodes [10,11]. In control and intervention, 
mapping helps to guide available resources to be most rationally and 
cost effectively deployed.  Geographical Information System (GIS) 
has greatly contributed to solving many real-world challenges, from 
agriculture to emergency planning and control. It has been used in 
the health sector for infectious diseases and other parasitic diseases in 
Africa and world over [12]. For example, the African Programme for 
Onchocerciasis Control (APOC) has effectively used GIS to visualize 
priority areas  for mass distribution of  Invermetin and estimated the 
number of people to be treated [12]. However, in Rivers state, Nigeria, 
there is a dearth of information on the mapping of these parasites.  The 
present study was an attempt to bridge this gap and to help policy makers 
in the deployment of scarce available resources in the management of 
these diseases.

Methods
A total of 36 Primary schools were randomly selected from 13 

Local Government Areas, Rivers State; stool samples were collected 
from 3,828 pupils in the study area. The collected stool samples were 
analyzed in duplicate, using the concentration and the saline/iodine 
method according to the standard method of stool examination 
[13,14]. The geographical information system was designed to map 

the incidence and the prevalence patterns of intestinal parasites in 
relation to some environmental parameters (temperature, rainfall and 
relative humidity) following a modified method of Rosa [15] and Ekpo 
et al., [16]. The geographical co-ordinates (latitude and longitude) of 
the Schools were recorded using the field Model GPS (Garmin GPS 
MAP76s Chart plotting receiver). These Geographical data were 
displayed and analyzed in the ArcGIS (version 10.0 with geostatistical 
analyst tool, ESRI CA USA). The location of the schools was linked 
to prevalence data and environmental data using unique schools 
identifier, separate layers were created for school location, infection 
data and environmental data for production of the map. Infection 
prevalence for school was classified into five groups using WHO 
prevalence classification system [17], these are (1) No infection (2) 
Light infection 0.1-9.99% (3) Moderate infection10-24.9% (4) Heavy 
infection 25-49.9% (5) Very heavy infection 50 +% for display in GIS. 
ArcGIS was used to perform the analysis. Logistic regression models 
were developed to identify significant environmental variables affecting 
the transmission of infection using a stepwise elimination technique in 
SPSS version 10.0 (SPSS Inc, USA).
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Results
Of the 3,828 children examined for intestinal parasitic infections, 

1059(27.66%) were infected.  Parasites identified in the study were 
Ascaris lumbricoides 51.78%, hookworm 25%, Trichuris trichiura 15.18% , 
Strongyloides stercoralis 7.14 %, taenia sp 0.89%, Enterobis vermicularis 
0.01%. The Co-ordinates (latitude and longitude) obtained using the 
field Model GPS (Garmin GPS MAP76s Chart plotting receiver) were 
converted from degrees/minutes/seconds to decimal degrees giving the 
values for easting and northing. The values were displayed in Arc map/
Arc info version 10.0 and this gave the location of the schools (sampling 
sites, Figure 1) rate of infections. The geostatistical analyst wizard was 
employed using the Kriging method. Two data sets were used; number 
of positive/number examined x 100. This was the determining factor. 
The value was then imputed into the geostatistical wizard and the 
map produced (Figure 2). From Figure 2, Ahoada East and Emohua 
local Government Areas have the highest rate of infection with 50% 
and above (very heavy infections). This was closely followed by The 
Local Government Areas with infection rate ranging from 25-49.9% 
(heavy infections), and these areas include; Abua/Odual, Ahoada West, 
Eleme, Ikwerre, Obio Akpor, Ogba/Egbema/Ndoni, Ogubolo, Okrika, 
Port Harcourt and Tai Local Government Areas. All the other Local 
Government areas are within the infection rates of 10-24.9% (moderate 
infections) except Asari Toru which has the least infection rate of 0.1-
9.99% (light infection). Figure 3 shows that more children are at greater 
risk of infection around Ahoada East and Emuoha than the other areas 
and are at lower risk of infection around Asari Toru Local Government 
Area. Predicting the number of school-aged children (5-14 years) at 
risk of intestinal parasitic infections in Rivers State is 655,061 (0.65 
million) Figure 4. Infection is higher around Ahoada east and Emuoha 
while it is lower around Asari Toru Local Government Areas of the Sta
te.                                                                                                                                                                         

Conversion of the rate of infections from the percentage value using 
the geostatistical analysis wizard produced the map of probability of 

infection otherwise known as prediction map (Figure 3). More children 
are at greater risk of infection around Ahoada East and Emuoha than 
the other areas and are at lower risk of infection around Asari Toru 
Local Government Area. Risk map: The population of the primary 
school-aged children was obtained from the demographic data of 2006 
populations’ census results. N × 23%/100 = population of primary 

Figure 1: Locations of schools sampled in the study of intestinal parasitic 
infections among primary school children in Rivers State, Nigeria.

 

Figure 2: Infection of sampled population in the study of intestinal parasitic 
infections among primary school children in Rivers state Nigeria.

 

Figure 3: Probability of infection of sampled population in the study of 
intestinal parasitic infections among primary school children in Rivers State 
Nigeria.
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school age. The calculated primary school- aged children over the rate 
of infections using Geostatistical analyst extension in ArcGIS 10 was 
used for the risk map which was done with the aid of Geostatistical 
analyst wizard. Kriging and Cokriging method was used to produce 
the Risk map (Figure 4). From this map, the number of school-aged 
children (5-14years) at risk of intestinal parasitic infections in Rivers 
State is 655,061 (0.65million). 

Discussion
The overreaching goal of the GIS was to create rate of infection, risk 

and prediction map of the prevalence of intestinal parasitic infections in 
relation to some environmental parameter. This result shows that these 
maps have been produced as shown. The distribution and prevalence of 
intestinal parasitic infections are greatly influenced by environmental 
factors affecting the human hosts. This is the same with many other 
parasitic diseases. It was evident that children from Emuoha, Ahoada 
East and parts of Ahoada West and Etche LGAs were more infected 
using the WHO prevalence classification system WHO, [17]. Many 
children from these areas had infection above 50% which could be 
referred to as very heavy infection. Part of Gokana, Tai, Oyigbo, Etche, 
Obio Akpor, Port Harcourt, Okrika, Ikwerre, Abua/Odual, Ahoada 
West  and the entire Ogba/Egbema/Ndoni LGAs were heavily infected 
while children from the rest of the LGAs were  moderately infected 
except part of Asari Toru that showed light infection. These findings 

would be of interest to Disease Control Programme Managers and 
Policy Makers in the State to define the extent of the problem and 
use intervention rationally. Despite the awareness of the effects of 
environmental factors on parasitic infections, not many attempts have 
been made to map the distribution of the intestinal parasitic infections 
in relation to specific environmental factors in Nigeria. Also there 
are no available data about the demography and hygienic conditions 
of the State’s schools to help guide the development of school health 
programmes which are requirements for sustainable control of intestinal 
parasitic infections in school children. Presented in this study are the 
first rates of infection, risk and prediction maps of the distribution of 
intestinal parasitic infections in Rivers State. A similar map of urinary 
schistosomiasis in Ogun State exists Ekpo et al., [16] Other studies have 
used Altitude and Normalized Difference Vegetation Index (NDVI) 
to correlate the presence or prevalence of schistosomiasis as seen in 
Egypt, Ethopia, Tanzania and China where Altitude and NDVI were 
shown to be important environmental variables in the distribution of 
schistosomiasis. However, Ekpo et al., [16] reported that these factors 
did not correlate for urinary schistosomiasis. Altitude and NDVI affect 
both temperature and rainfall and restrict the distribution of snail 
species which are intermediate hosts or vectors of schistosomiasis. 
There is no variation in altitude and NDVI values in Rivers State; 
besides, the intestinal parasitic infections have direct life cycle and do 
not require an intermediate host or a vector. In areas where altitude 
and NDVI are used, there is a great variation of these variables due 
to topography, climate, and landmass [9]. Estimates of the number of 
school-aged children at risk of intestinal parasitic infections in Rivers 
State was lacking as they are the highest group at risk. Present study 
shows that the number of school-aged children (5-14years) at risk of 
intestinal parasitic infections in Rivers State is 655,061 (0.65million). 
This estimate represented the school-aged populations living in 
areas where the environmental factors, when combined with host/
parasite are suitable for the intestinal parasitic infections. However 
these are predictions does not necessary imply the number of school-
aged children infected. The rate of infection, risk and prediction 
map developed in this study provided detailed mapping of classified 
incidence and prevalence of intestinal parasitic infections in Rivers 
State. The fact that the model was derived from environmental variables 
and prevalence survey data had enabled the mapping of the disease and 
prediction of its burden across the State. These maps would be very 
relevant for planning treatment and interventions.
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