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 10 
 
Aims: The persistent high rate of under-five mortality in Nigeria and northern Nigeria in 
particular, remains one of the most discussed topics in all population-development spheres. 
The importance of spatial assessment and mapping of health data cannot be over 
emphasized. The objective of the study was to identify high risk areas of under-five mortality 
clustering in selected communities of Zamfara State in northern Nigeria.  
Study design:  Longitudinal study of demographic data collected at the household level.  
Place and Duration of Study: Nahuche Health and Demographic Surveillance System, 
Zamfara State, Nigeria, between January 2011 and December 2013. 
Methodology: The study identified high risk areas of under-five mortality clustering in the 
study area through collection and processing of health and demographic data (mortality and 
fertility) and geographic coordinates of all compounds within a demographic surveillance 
system area in northern Nigeria. The surveillance area had a population of 142,129 as of 
December 2013. 
Results: Under-five mortality clustering was observed in all the six districts of the 
surveillance are. Two of the six districts with significant under-five mortality clustering were 
characterized by poor access to health care facilities, poor sanitation and living conditions 
which are typical of rural and disadvantaged northern Nigeria settings. 
Conclusion: The findings call for effective health interventions to reduce the high burden of 
under-five mortality in the study communities and other communities in northern Nigeria with 
similar characteristics. 
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1. INTRODUCTION  15 
 16 
Undoubtedly, under-five mortality remains generally high worldwide. For example in 2013, 17 
over 6 million under-five deaths were recorded globally [1]. There is a wide variation 18 
between the developed and the developing countries in terms of their contribution to the 19 
global under-five mortality burden. Under-five mortality rates (U5MRs) are generally high for 20 
sub-Saharan African countries compared with other parts of the world. Under-five mortality 21 
rate in Nigeria is among the world’s highest with northern Nigeria having the most appalling 22 
under-five health indicators. Despite the plethora of publications and knowledge on the 23 
determinants of under-five mortality in Nigeria, the current trend in under-five mortality in 24 
Nigeria does not justify the much available knowledge on the topic. One area that has often 25 
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been neglected in the study on under-five mortality in Nigeria in particular is related to under-26 
five mortality clustering. 27 
 28 
Under-five mortality clustering is simply defined as the variability in the spread of under-five 29 
mortality in a population. It explores why under-five mortality is clustered within certain 30 
individuals, families or communities. Worldwide, child deaths are unevenly distributed among 31 
women [2] and tend to concentrate in some families and among few women with certain 32 
characteristics. The first child mortality clustering study in Nigeria was carried out in the 33 
1990s in Kano State and just recently, in three northern Nigeria States of Yobe, Katsina and 34 
Zamfara1. Generally, there is dearth of literature on under-five mortality clustering in Nigeria 35 
and application of spatial analysis in understanding the under-five mortality clustering is 36 
virtually non-existent. 37 
 38 
The determinants of mortality clustering within families and communities and the 39 
mechanisms which initiates or perpetuates it have been of interest to researchers and 40 
policymakers for a considerable time. In some European countries, child mortality was found 41 
to concentrate in few families, communities or localities [2]. However, since the 1990s, child 42 
mortality clustering has been documented in a number of developing countries. For example, 43 
in Burundi, mothers reporting multiple deaths were only 20% but were having 70% burden of 44 
all child deaths [3]. In rural Punjab in India, a small proportion of families (12.6%) accounted 45 
for the majority (62.2%) of child deaths in the community [4]. Das Gupta [4] argued that 46 
mortality clustering within small families can be explained by the differentials in mother’s 47 
innate ability rather than mother’s educational level [see also 5-7]. 48 
 49 
Under-five mortality clustering in other studies [2, 8] was observed in areas or communities 50 
with high U5MRs. Further, clustering of under-five mortality is common in settings 51 
characterized by male dominance and observance of gender separation, especially of 52 
women of child bearing age. Northern Nigeria generally, and the North West geo-political 53 
zone in particular is an ideal setting to study mortality clustering since findings from such a 54 
study may help to explain the reported high under-five mortality and be used as a basis to 55 
deploy effective interventions to reduce child mortality. For instance, only 21% of pregnant 56 
women in North West Nigeria received antenatal care during their last pregnancy and the 57 
child mortality rate was estimated at 246 deaths per 1,000 children in 2008 [9]. Educational 58 
attainment in northern Nigeria is among the lowest in the country with Zamfara State having 59 
86.3% of women and 51.9% of men with no education; and average household size 60 
generally larger, at least seven members per household [10]. 61 
 62 
The use of geographic information systems to support public health systems is gaining 63 
momentum across the world, Nigeria inclusive. This momentum is due to the critical role of 64 
spatial assessment and mapping of health data in health policy and planning. Spatial 65 
presentation of data enables health officials and other stakeholders to contextualize existing 66 
health challenges and successes. Understanding of the context further enables deployment 67 
of interventions to address any health challenges. Simply by seeing the location of health 68 
incidence, facilities and infrastructure that are located around it and the location of 69 
households that are affected, more insight can be gained into the magnitude of the effect of 70 
the incidence. However, studies on spatial analysis of under-five mortality clustering are 71 
limited in resource constrained countries thereby limiting opportunities for deploying effective 72 
and appropriate health interventions targeted at specific communities or areas in need. 73 
 74 
Against this background, we take advantage of longitudinal data from a health and 75 
demographic surveillance system, (HDSS) area in Zamfara State in northern Nigeria to 76 
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examine under-five mortality clustering within the context of the Sustainable Development 77 
Goal 3 of ensuring good health for all by 2030. 78 
 79 
2. MATERIALS AND METHODS  80 
 81 
2.1 Study Area  82 
 83 
Located in Zamfara State of northwest Nigeria, the Nahuche HDSS tracks longitudinal health 84 
and demographic changes to geographically defined community with a surveillance 85 
population of 142,127 as of December 2013. The surveillance area consists of six districts of 86 
Bella, Gada, Karakai, Nahuche Keku, Nahuche Ubandawaki, and Rawayya. Nahuche HDSS 87 
was implemented in 2009 by the PRRINN-MNCH Programme and Zamfara State Ministry of 88 
Health with funding from UKaid (United Kingdom Department for International Development) 89 
and the Norwegian Government. Nahuche HDSS was set up in order to support studies 90 
aimed at assessing the wider progress and impact of strengthening health systems [11]. 91 
Nahuche area has substandard infrastructure, non-existent power supply, and poor road 92 
network. Further, economic and health indicators are poor, with the majority of women 93 
delivering at home without a skilled birth attendant [12]. 94 
 95 
2.2 Data and Methods  96 
 97 
The study used health and demographic events data (i.e. births, deaths, migration, verbal 98 
autopsy on all deaths, pregnancy termination, and marriage) including geographic 99 
coordinates of all compounds within the surveillance area. Nahuche HDSS data are 100 
collected biannually to update the database. This process precedes a baseline census that 101 
was conducted in 2010. For this study, mortality and fertility data for all children aged 0-59 102 
months were obtained from the Nahuche HDSS database. Compound level clustering was 103 
assessed by adopting Kuate-Defo and Diallo methodology of classifying compounds 104 
according to the number of under-five deaths reported per compound: (i) ‘‘no concentration’’ 105 
comprises the selected family in the sample whose children have all survived; (ii) ‘‘low 106 
concentration’’ includes families who have lost less than 20% of their children; (iii) ‘‘medium 107 
concentration’’ families have lost 20–59% of their children, and (iv) ‘‘high concentration’’ 108 
contains those families who have lost 60% or more of their children [13]. This study thus 109 
measured the proportion of under-five deaths per compound and divided compounds 110 
according to Kuate-Defo and Diallo model. The justification for using the compound as a unit 111 
of analysis was an artefact of the living pattern in rural northern Nigeria where residents live 112 
in a compound consisting of one or more households. Residents of a compound are blood 113 
relations and thus a household is not clearly defined in such a setting.  114 
 115 
Geographic coordinates of all the registered compounds within the HDSS were collected 116 
using the eTrex Garmin GIS machines by trained field workers at 3m degree of accuracy. 117 
Coordinates of compounds within each of the districts were processed using ArcGIS 118 
software. Compounds were grouped based on the proportion of under-five deaths reported 119 
during the survey year and maps were generated to show areas within the DSA with high 120 
risk of under-five mortality clustering. 121 
 122 
3. RESULTS  123 
 124 
A total of 4,153 under-five deaths were reported between 2011 and 2013 but 3,163 under-125 
five deaths (about 76.2%) were used in plotting the map of high risk area. The difference 126 
was due to inability to collect GIS coordinates of some of the compounds due to insecurity in 127 
some of the areas under the surveillance. The insecurity was mostly cases of armed robbers 128 
and cattle rustlers. The distribution of deaths by district is presented in Table 1 with the 129 
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lowest number of under-five deaths observed in Nahuche Keku district (371) and the highest 130 
in Gada district (740). 131 

Table 1: Percent distribution of under-five deaths by  132 
district, Nahuche HDSS 2011-2013 133 
 
District 

Number of  
under-five deaths 

 
Percent 

Bella 590 18.7 
Gada 740 23.4 
Karakai 460 14.5 
Nahuche Keku 371 11.7 
Nahuche Ubandawaki 581 18.4 
Rawayya 421 13.3 
Total 3,163 100.0 
 134 

Figure 1 shows the composite map of the surveillance area with boundaries of each of the 135 
districts from the geo-coordinate points collected. Nahuche-Keku and Bella were two districts 136 
with two different boundaries. These districts had villages that were far from the center of the 137 
main districts possibly due to a significant proportion of Fulani settlers and largely cattle 138 
herders. Worth noting is the fact that the boundary depicted in Figure 1 is not an 139 
administrative boundary. Figures 2 to 7 display the mapping of the six districts under the 140 
surveillance for under-five mortality clustering. Areas shaded pink were areas with “no 141 
concentration”. That is, compounds within these areas had no under-five death clustering. 142 
Green shaded areas were compounds where less than 20% of their under-five children had 143 
died. Compounds in areas shaded with blue had lost between 20% and 59% of their under-144 
five children. The compounds in regions shaded with red had lost at least 60% of their 145 
under-five children.   146 
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 147 
Figure 1: Composite map of Nahuche HDSS. Note: Boundaries shown are not 148 
administrative boundaries 149 
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 150 
Figure 2: Map of compounds in Bella District showing areas of under-five mortality 151 
clustering, Nahuche HDSS 152 
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 153 
Figure 3: Map of compounds in Gada District showing areas of under-five mortality 154 
clustering, Nahuche HDSS 155 
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 156 

Figure 4: Map of compounds in Karrakai District showing areas of under-five mortality 157 
clustering, Nahuche HDSS 158 
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 159 

Figure 5: Map of compounds in Nahuche-Keku District showing areas of under-five mortality 160 
clustering, Nahuche HDSS 161 
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 162 
Figure 6: Map of compounds in Nahuche-Ubandawaki District showing areas of under-five 163 
mortality clustering, Nahuche HDSS 164 

UNDER PEER REVIEW



 165 

Figure 7: Map of compounds in Rawayya District showing areas of under-five mortality 166 
clustering, Nahuche HDSS 167 
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4. DISCUSSION 168 
 169 
The study aimed at identifying high risk areas of under-five mortality clustering in the 170 
Nahuche HDSS area. This was achieved by collecting births and deaths data and 171 
disaggregating the compounds by the proportion of under-five deaths reported per 172 
compound. Geo-referenced data enabled mapping of mortality clustering. 173 
  174 
The geo-referenced data were mapped to show high risk areas of under-five mortality 175 
clustering. One important finding from the maps (Figure 2 through 7) was that the high risk 176 
areas were villages that were located far from the main town within the districts. Most of 177 
these areas lack basic social amenities such as good road network and health facilities and 178 
are generally hard to reach during the raining season. 179 
 180 
Furthermore, due to the living patterns in rural northern Nigeria most of the compounds were 181 
scattered and far from each other. This factor may contribute to high mortality clustering due 182 
to lack of social support from neighbouring compounds coupled by long distances to the 183 
nearest health facilities in almost all the districts. Unlike the southern part of Nigeria where 184 
people live in close proximity, the social context in Nahuche area is different, that is, the 185 
absence of “comparative advantage”. The high risk areas were more pronounced in 186 
Nahuche-Keku and Nahuche-Ubandawaki districts. This may be influenced by the distance 187 
between the two districts and their surrounding villages and hamlets. For instance, Gada, 188 
Bella, and Rawayya districts were located close to the Zamfara State capital, Gusau. Thus, 189 
easy access to the state capital, where there is access to health care services, from these 190 
districts may be related to the low incidence of high risk areas of under-five mortality 191 
clustering within these districts. This finding is consistent with other studies that documented 192 
a high risk of dying during the first five years of life for children whose mothers reported 193 
physical or geographical barrier to accessing health care [14]. 194 
 195 
Under-developed amenities 196 
and general living patterns in 197 
the study area were identified 198 
as potential factors associated 199 
with under-five mortality 200 
clustering in the high risk 201 
areas. Poor sanitation system 202 
and source of drinking water 203 
may also be a contributing 204 
factor to child mortality 205 
clustering. Most households 206 
within the high risk areas of 207 
under-five mortality clustering 208 
fetch drinking water from open 209 
and uncovered wells. It is 210 
common to see households 211 

fetching drinking and cooking 212 
water from the same sources 213 
used by livestock (see Figure 214 
8).  215 
 216 
At the end of 2015, the international community embraced the new set of Sustainable 217 
Development Goals (SDG) calling for countries to ensure that no one is left behind by 2030. 218 
Specifically, SDG 3 calls for efforts to ensure good health for everyone. Achieving this Goal 219 
in settings such as Nahuche area and similar settings in northern Nigeria requires a package 220 
of health interventions that takes into account the peculiarities and perpetual challenges 221 

Figure 8: Source of drinking water in Nahuche HDSS area 
Photo credit: Nahuche HDSS 
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experienced by poor and disadvantaged people on a daily basis. Where opportunities to 222 
deploy interventions occur, they should be designed comprehensively and scaled up 223 
accordingly to minimize the limited improvement in child health that was observed in a 224 
systematic review of maternal and child health interventions in Nigeria from 1990 to 2014 225 
[15]. A number of health intervention programmes have been implemented in selected states 226 
and communities of northern Nigeria for a considerable time. The challenge with most of 227 
these interventions is that not only were they donor-funded with modest state government 228 
(counterpart) funding in selected cases but they were also implemented with a limited 229 
duration. The PRRINN-MNCH is an example of a programme that deployed a package of 230 
interventions to address the health system challenges in selected states of northern Nigeria 231 
from early 2007 to 2013. While tremendous achievements were recorded [16], the health 232 
challenges in northern Nigeria are protracted. Continued multi-stakeholder partnerships with 233 
the government in Nigeria and availability of geo-referenced data such as those reported in 234 
this paper are inevitable as Nigeria follows the path to the SDG deadline of 2030. 235 
 236 
 237 
5. CONCLUSION 238 
 239 
Analysis of under-five mortality clustering in Nahuche HDSS area showed that within each 240 
district, under-five mortality tends to be clustered. General living patterns and poor sanitation 241 
system as well as under-developed social amenities were identified as likely factors for the 242 
under-five mortality clustering in the study area. Results of under-five mortality clustering 243 
from this study call for effective health intervention to reduce the high burden of under-five 244 
mortality. Provision of adequately equipped health facilities in terms of personnel and 245 
consumables should be made available in communities with less access to adequate health 246 
services. Further, development of social network system within the communities to assist in 247 
under-five care should be encouraged in order to ensure that Nigeria documents good health 248 
for everyone by 2030. 249 
 250 
ETHICAL APPROVAL (WHERE EVER APPLICABLE) 251 
 252 
Ethical clearance and informed consent was obtained for the demographic surveillance 253 
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