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Abstract 
As a part of an effort to roll back malaria in Nigeria, exploring the use of geographi-
cally related tools triggered the use of modern approaches of knowing the spatial dis-
tribution of target populations to attain significant malaria elimination intervention. 
GIS tool was used for geographical reconnaissance (GR), providing demographic 
data on respondents’ household and spatial information on the distribution of house-
holds in the selected location. A cross-sectional study design was used to collect spa-
tial data in the two locations, while a quantitative questionnaire was used to collect 
the household data. The analysis of field data indicated that 49,500 unique house-
holds were enumerated and thus included in the Indoor Residual Spraying to prevent 
malaria infection, covering 424 towns in the two Local Government Areas (LGAs). 
383,301 persons were recorded during the GR exercise in Doma and Nassarawa Eg-
gon LGAs out of which 79,339 were children of agesless than five years, with 13,526 
pregnant women. Further data analysis revealed that the average number of persons 
per household in both LGAs was approximately eight. The spatial information from 
the GR provides a foundation for an updateable database for any future survey for 
developmental activities in Nigeria. The use of modern GR approach has proved to 
be accurate, reliable and more cost effective and less cumbersome than the tradition-
al approach in the collection and geo-positioning of household data. Use of Garmin 
e-Trex GPS handheld instruments to collect household data in the designated areas 
removed the constraints of expensive Personal Digital Assistants and reduced errors 
of wrong location coordinates. Several African countries which did not use GR or 
applied the use of Geospatial tool appropriately had setbacks. The previous study in 
other countries showed limitations which was characterized by substantial inherent 
logistical and technical challenges culminating in missed targets. This setback was 
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addressed in our study. 
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1. Introduction 

Over 40 percent of the world’s population lives where there is a risk of malaria. The 
disease causes widespread premature death and suffering, imposing financial hardship 
on poor households, and holds back economic growth and improvements in living 
standards [1]. The depth of this endemic disease was shown in a global study of mala-
ria, highlighting opportunistic areas for malaria elimination and intensified malaria 
control [2]. 

As a part of this increased focus, current strategies for the reduction of the global 
burden of malaria and the eventual elimination of the disease have been outlined in the 
Roll Back Malaria (RBM) Global Malaria Action Plan (GMAP). With recent global at-
tention, most member states under the United Nations umbrella have made a commi- 
tment to roll back malaria towards achieving Sustainable Development Goal (SDG) 
2030, so there is a refocus of intensive malaria control on the world agenda [3]. 

In Nigeria, Malaria is still one of the major causes of overall mortality in Nigeria. The 
ministry of health data continues to report that half of all hospital patients’ cases of 
treatment are malaria infections. The disease is responsible for 25 percent of the na-
tion’s infant mortality, 30 percent of childhood mortality and 11 percent of maternal 
deaths. Nigeria contributes to 23 percent of the world’s malaria cases, and 97 percent of 
the population is at risk.  

For many years, the country had focused on treatment approach, until recently, more 
strategy is now on prevention methods, of which indoor residual spraying (IRS) is one. 
The public body responsible is the National Malaria Elimination Program of Nigeria, 
which was tested in Northern Nigeria in 2012 [4]. 

Measuring geo-locations and route planning for a precise target of the population af-
fected, Geographical Reconnaissance (GR) is an imperative tool for use. 

GR is a planning tool that combines household census and spatial mapping to de-
termine the density, population size, location and accessibility of settlements within 
target areas.  

Geographical reconnaissance (GR) as a planning tool involves a household census 
and mapping to determine the number, location, and accessibility of settlements within 
target areas. This facilitates research objectives as it is generally being used to collect 
geographic information system (GIS) and population data useful for strategic local level 
planning.  

Our study used new technology to realize the GR processes, an approach that is bet-
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ter than the most commonly used traditional GR operations. 
This study used modern GR approach, using Global Positioning Systems (GPS) [5] 

[6] to collect geographic information system (GIS) and population data useful for pre-
cise strategic local level planning and implementation. 

2. Materials and Method 

Below is a detailed explanatory diagram showing logical steps designed and followed 
through to complete all the research processes undertaken in this study, from problem 
identification to results and conclusion (Figure 1). 

2.1. Study Location 

Under the United States President’s Malaria Initiative (PMI) the Africa Indoor Residual 
Spray (AIRS) project managed by Abt Associates was tasked to establish an Indoor Re-
sidual Spray (IRS) operation in Doma and Nassarawa Eggon local government areas 
(LGAs) of Nassarawa State, Nigeria. The State is situated in the North Central geo-po- 
litical zone of Nigeria and was established on October 1, 1996 from Plateau State [7] 
(see Figure 2). 
 

 
Figure 1. Diagram and flow chart of research methodology. 
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Figure 2. Map of Nigeria showing Nassarawa State and the selected LGAs for IRS. 
 

Nasarawa State was estimated to have a population of about 1.86 million people with 
about 30 different ethnic groups of distinct cultural heritage, in the 2006 population 
census [8] [9]. With a growth rate of 2.9% the current population of the State was pro-
jected to be 2.22 million people in 2015. 

2.2. Desk review  

Despite the use GR and other control tools to eliminate malaria, the study still showed 
that Malaria control action plans are dying out due to improper implementation, inade- 
quate surveillance and lack of geo-referenced information to pinpoint the trouble spots 
for timely preventive actions [10]. 

A previous research study in the work of Kelly (2010), demonstrated the use Geo-
graphical Reconnaissance in the elimination provinces of Temotu, Solomon Islands, 
and that eventually provided as trategy for spatial distribution of target populations to 
support contemporary malaria elimination interventions. He used modern techniques 
to ensure effective and efficient operational tool via geospatial analysis, now guiding 
them in scaling-up of priority interventions [11]. 

Gerald also demonstrated in his thesis work, how the GR mapping and data collec-
tion; frontline vector control and malaria prevention intervention management using 
high resolution geospatial surveillance—can rapidly aid rapid reporting and mapping of 
confirmed cases by household in 2013 [12]. 

Since Zambia re-introduced the IRS program to control malaria in 2002, the country 
has developed standard guidelines, which has helped one of the main interventions ex-
ecuted in partnership with private sector. The guidelines, however, contributed to the 
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development of a user standard operation procedures used which was used in the Nige-
rian study [6]. 

2.3. Methodology 

The household was used as the primary sampling unit for the GR operation [13]. It is 
important to note that households in both LGAs lived in multiple, separate or shared 
single buildings which might consist of sleeping areas, kitchens, corridors, storage areas 
and animal sheds or compounds with stand-alone structures for sleeping areas, kitch-
ens, storage areas and animal sheds.  

Followed by data collection tools that captured GPS coordinates, household identi- 
fication (IRS card number), village/town name/ward, name of head of household, num- 
ber of individuals residing in each household, number of children less than five years of 
age in the household, number of pregnant women in the household, the geographical 
coordinates of the households/infrastructures. Administrative boundary point and po-
lygons geographical shapefiles were provided by IITA [14]. 

To ensure that data from each household was adequately documented and tracked, 
each household was assigned a unique identification number pre-printed on each IRS 
card. Data collected on field and IRS card numbers were recorded on the question-
naires for each household by data collectors. The IRS card was given to a representative 
of the household as evidence of enumeration. The entries were checked and validated 
by field supervisors when the questionnaires were submitted.  

Followed by data collection tools that captured GPS coordinates, household identifi- 
cation (IRS card number), village/town name/ward, name of head of household, num- 
ber of individuals residing in each household, number of children less than five years of 
age in the household, number of pregnant women in the household, the geographical 
coordinates of the households/infrastructures  and dataset overlaid with administra-
tive boundary map layers. 

The variables used during this study, can be described as follows: 
Wards: a division below state or region of a town, used for administrative purposes. 
LGA: a lower area below the state or region, administered by a Local Government 

Council, which consists of many wards and towns. 
Household: Is a group of family or individual living under the same roof and eating 

from the pot of meal. 
Compounds: it is a big residential area, consisting of several households living together 

cooking from several meal pots but has common storage play ground and kitchen. 
Household identification (IRS card number): A unique ID written on buidling and 

also on the IRS card for follow up identification of household members. 
Village/town: A village is a place of closed human settlement with a population 

ranging from a few hundred to a few thousand.  
Head of household: Is the person within the household who is responsible for feeding 

all memberd of the household and takes the highest decision. 
Children less than five years of age: Any child in the house, whose age is between 0 
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and 59 months.  
Pregnant women: Any woman in the household with a confirmed ANC attendance 

that she is an expecting mother or at the later stage of her trimester and can been seen 
with eyes that she is physically pregenant. 

Data analysis 
Field data were validated, and quality checks were done to ensure that all data 

included in the spatial and demographic analysis represent unique household in Doma 
and Nassarawa Eggon LGAs true representation of the LGAs. 

Tables of summary statistics of demographic indices captured in the GR were then 
obtained from initial data analysis performed using Microsoft Excel office package, and 
further confirmatory analysis was performed using Statistical Packages for Social Sci- 
ence-(SPSS) 17 version. 

The additional Spatial analysis was done after  checking to ensure that the accuracy 
of dimensions set up in the configured GPS units was adhered to. ArcMap 10 version 
[15] was used to verify proxy locations of household points as they were overlaid with 
community layers and geo-referenced wards, followed by advanced geospatial statistical 
test, we then set null hypothesis (H0), to confirm if the location of household per ward 
with respect to number of pregnant women and children is as important as any other, 
towards the elimination of mosquitoes from every communities. 

3. Results 

Key findings from the GR were synthesized and reported as follows; 
Table 1 presents the summary of data collected during the GR operation in Doma 

and Nassarawa Eggon LGAs. A total of 49,500 unique households were therefore inclu- 
ded in the GR from 424 towns/villages from both LGAs. 

Results reveal that there were 79,339 children who were less than five years of age in 
the two LGAs. This makes about 21% of total population of the areas covered by the 
GR. A total of 13,526 pregnant women were enumerated. 

Table 2 presents household demographic summaries for both LGAs and indicates 
that Doma and Nassarawa Eggon LGAs have an average of 8.52 and 7.22 persons per 
household in both LGAs respectively. The estimates of household size by children and 
women in the two LGAs are also presented in Table 2. 

 
Table 1. Overall summary of GC for Doma and Nassarawa Eggon LGAs. 

Indicator Doma Nassarawa Eggon 

Number of Wards 10 14 

Number of towns/villages 115 309 

Number of households 19,928 29,572 

Overall households 169,794 213,507 

Children <5 years of age 36,363 42,976 

Number pregnant women 5578 7948 
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The population of people recorded in the LGA was 169,794 and their distribution per 
ward is presented in Figure 3, reflecting that the population of people in the LGA were 
more concentrated in Galadima ward, with more pregnant women living there, while 
the lowest population density can be found in Doka ward. The locations of Primary 
Health Care (PHC) centers and the spatial distributions of pregnant women in the LGA 
are also shown in the same figure. 

Figure 4 shows the distribution of household per ward, while Figure 5 presents the 
population distribution of people per ward in Nassarawa Eggon ward. Spatial analysis 
suggests that the highest population density was recorded in Doka, Madauchi, Madaki 
and Sabongari. 

Figure 6 presents the topographic nature of the surveyed area, the map of Nassarawa 
Eggon showing spread of water bodies, major roads, water areas and elevations in the 
LGA. 

 
Table 2. Household (HH) population summary in Doma and Nassarawa Eggon LGAs. 

Indicator Doma Nassarawa Eggon 

Average number of HH size 8.52 7.22 

Average number of children <5 yrs/per 100 HH 183 118 

Average number of pregnant women/per 100 HH 28 22 

 

 
Figure 3. Map of Doma LGA showing the population distributions per ward. 
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Figure 4. Topographic map of Doma LGA.   
 

The pattern of test statistic generated by comparing for level of household concen- 
tration that has more pregnant women and children, who seems to be more vulnerable 
to malaria infections. The accessibility score index indicated highly statistically signifi- 
cant p-level at (p < 0.05) and positive z-value as shown in Figure 7. and thus we must 
reject the null hypothesis set above(H0), confirming that location of household per 
ward with respect to high percentage of pregnant women and children is important 
towards the elimination of mosquitoes from every communities using the Indoor 
Residus Spray methods. 

4. Discussion 

The use of modern GR approach has proven to be accurate, efficient, cost effective and 
less cumbersome than the traditional approach in the collection and geo-positioning of 
household data [16]. This GR operation was able to capture geo-locations of all HHs in 
the focus LGAs and well as the population density of the target population. The data  
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Figure 5. Map of Nassarawa Eggon showing the population distributions per ward. 

 

 
Figure 6. Topographic map of Nassarawa Eggon LGA. 



W. Ojo et al. 
 

746 

 
Figure 7. Spatial autocorrelation results among ward households in both LGAs. 

 
presented was helpful for planning the IRS campaign in the 2 LGAs. Such planning 
helped in the prudent use, management and deployment of human and material re-
sources for the spray operation. However, due to the large number of households ear-
marked for enumeration in this GR exercise, standardized tools were used along with 
Garmin e-trex GPS handheld instruments to collect household data in the designated 
areas. This approach removed the constraint of deploring expensive and not readily 
available PDAs on field. With the recent development of modern technology, real time 
data collection with mobile devices with apps could prove even more effective in im-
plementing a GR of this scale. Several African countries which did not use GR or ap-
plied the use of Geospatial tool appropriately had set back. Like in the case of Malawi, 
the IRS activities was characterized by substantial inherent logistical and technical 
challenges culminating into missed targets [17], this set back was avoided in our study 
here in Nigeria.  

The strength of the evidence presented in this paper is based on the rigorous strate-
gies employed to improve quality of data obtained from the GR exercise however, this 
could be achieved with the collection of GIS coordinates and HH information with the 
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use of electronic data collection methods.  

5. Conclusions 

This exercise is a positive step in providing specific information to help with the imple-
mentation of IRS program and strategic surveillance monitoring of the selected areas. 
The data gathered during the GR provided the foundation for an updateable database 
for any future survey on IRS spray activities in Doma and Nassarawa Eggon LGAs. 

The GR study gave a clear and precise standard approach of spatially defining and 
enumerating selected communities using a geo-spatial survey technology. The exercise 
and data collected were then used by the State NMCP and AIRS Project for vector con-
trol in these communities, better informed insecticides spray strategic plan, location of 
storage facilities and where more mosquito nets should be distributed. 

The estimation of the distances between various locations was also helpful for effec-
tive local planning and logistics. The maps which were produced served the purpose, of 
providing spatial views of the household locations geographically in relation to other 
ecological factors and infrastructures in the LGAs.  

The recommendation is that the Nigerian government and Development Partners 
should build on the strategy already put in place by the President’s Malaria Initiative’s 
Africa Indoor Residual Spraying Project (AIRS) through the National and State Malaria 
Control Program offices to use the outcome of this study to guide the reduction in ma-
laria infection cases reported in every community. While other area of the country 
should see this as best practice and take a que from it [4]. 
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