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region. High BCG vaccination coverage was identi-
fied in Tigray, North West Amhara and North West 
Benishangul- Gumuz (figure 2).

Cluster and outlier analysis of low BCG vaccination among 
children aged 0–35 months
Cluster and outlier analysis was conducted using 
Anselin Local Moran’s I to identify the nature of clus-
tering. The red colour indicates high–high cluster 
areas of low BCG vaccination coverage, whereas the 
green colour indicates low–low cluster areas of BCG 
vaccination. Somali, Afar, Gambela, South West Addis 
Ababa and North East Oromia were significant clusters 
with low BCG vaccination coverage among children 
aged 0–35 months (figure 3).

Hotspot identification of low BCG vaccination among children 
aged 0–35 months
The dark red colour indicates significant (p<0.001) 
clusters of low BCG vaccination (risk areas), whereas 
the green colour indicates significant (p<0.001) clus-
ters of high BCG vaccination (non- risky areas). Hence, 
Afar, Somali and North West Gambela were identified 
to have low BCG vaccination (hotspot areas) in the 
past 5 years. Tigray, Harari, South West Benishangul- 
Gumuz and North East Addis Ababa were identified as 

cold spot areas for BCG vaccination (non- risky areas) 
(figure 4).

Interpolation of BCG vaccination coverage among children 
aged 0–35 months
Afar, Somali and North West Gambela were identified as 
the more risky areas for BCG vaccination coverage or with 
low BCG coverage. However, Tigray, Benishangul- Gumuz, 
Dire Dawa, Central Addis Ababa and North West Amhara 
were found to be low- risk areas for BCG vaccination 
coverage (figure 5).

Spatial SaTScan analysis of BCG vaccination coverage 
(Bernoulli-based model)
Spatial scan statistics were done using SaTScan V.9.6 to 
identify the most likely clusters, and a total of 13 signif-
icant clusters with 212 enumeration areas were iden-
tified. From the identified clusters, 2 were a primary 
(most likely) cluster and 11 were secondary clusters. The 
primary cluster’s spatial window red colour was located 
in Afar, North West and East Somali and was centred at 
6.023458 N, 44.807507 E in geographical location, with 
463.24 km radius, with an LLR of 136.58 at p<0.001, and 
was identified as the most likely cluster with maximum 
LLR. It showed that children within the spatial window 
had 1.97 times higher risk of low BCG vaccination than 

Figure 4 Hotspot analysis of BCG coverage among children aged 0–35 months, 2016 Ethiopian Demographic and Health 
Survey. CSA, Central Statistics Agency; SNNPR, Southern Nations, Nationalities, and People’s Region.
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children outside the window. The other secondary clus-
ters are described in detail in table 1 and figure 6.

DISCUSSION
The findings of this study showed that BCG vaccination 
coverage among children aged 0–35 months was non- 
random (clustered) in the country. In the global autocor-
relation analysis, a clustering pattern in BCG vaccination 
coverage across the country was observed (Global Moran’s 
I=0.516, p<0.001). This indicates that nearly the same 
coverage of BCG vaccination was aggregated in specific 
areas. The hotspot cluster of low BCG vaccination 
coverage was identified in Afar, Somali and North West 
Gambela (p<0.01). Despite outreach plans and supple-
mentary vaccination schedules, there is low vaccination 
coverage in these regions. The possible reasons could be 
that mothers who lived in the above- mentioned regions 
have poor knowledge about the importance of vaccina-
tion as compared with other regions,29 and that they are 
nomads and do not undergo antenatal care follow- up. 
This leads to most children not getting BCG vaccination.

The BCG vaccination coverage map prediction identi-
fies and estimates that South West Afar, East Somali and 
North West Somali are at risk of low BCG vaccination 

coverage. The possible explanation could be because 
these regions are border areas and hence could not 
access and use healthcare services. Also, people who 
live in these regions may have lower educational status 
and may live far from healthcare institutions.30 Women’s 
rural residency could be another factor that contributes 
to low BCG vaccination coverage.31 Most of these regions 
are entirely rural, which may be why BCG vaccination 
coverage was low.

The purely SaTScan spatial analysis identified 13 statis-
tically significant most likely SaTScan clusters of areas 
with low BCG vaccination coverage. The most likely 
primary SaTScan cluster of low BCG vaccination coverage 
was identified in Afar and in North West and East Somali 
(LLR=136, p<0.01). The entire Somali region was iden-
tified as the most likely secondary SaTScan cluster 
(LLR=131, p<0.01). Other most likely SaTScan clusters 
of low BCG vaccination coverage were identified in North 
West Gambela, East Addis Ababa, South West Addis 
Ababa, North West Amhara, North West Oromia, North 
East SNNPR and South Amhara. This local clustering of 
low BCG vaccination coverage indicates that children who 
lived in the above- mentioned geographical locations had 
a low probability of receiving BCG vaccination compared 

Figure 5 Spatial interpolation of BCG coverage among children aged 0–35 months, 2016 Ethiopian Demographic and Health 
Survey. CSA, Central Statistics Agency; SNNPR, Southern Nations, Nationalities, and People’s Region.
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with children who lived outside the SaTScan clusters. 
This may be due to differences in health service accessi-
bility and utilisation, aside from sociocultural differences 
in the community. Studies showed that women who live in 
Afar and in other remote areas delivered at home due to 
lack of confidence among their health providers.32 Also, 
women of the pastoralist community predominantly live 
in the Afar and Somali regions and therefore their chil-
dren do not have the opportunity to receive birth dose of 
vaccinations such as BCG.

Limitations of this study include the data being 
collected at a point in time and the study’s retrospective 
nature. These result in further limitations such as missing 
data on BCG vaccination status and GPS coordinates, 
inaccuracies in vaccine cards and/or parental recall, 
and displacement of data for privacy reasons. Finally the 
SaTScan analysis detects only circular clusters, and irreg-
ularly shaped clusters were not detected.

Based on the findings of this study, policy makers or 
programmers should provide better interventions to 
hotspot areas (low BCG vaccination coverage) and design 
different strategies to improve BCG vaccination among 
children 0–35 months in Ethiopia.

CONCLUSION
The spatial variation in BCG vaccination coverage among 
children in Ethiopia was non- random (clustered). High- 
risk areas for low BCG coverage were found in the far 
North West and East Somali regions. TB is a high- burden 
disease in developing countries especially in Ethiopia, 
and to reduce this highly infectious disease BCG vaccina-
tion is a very important tool. High- risk areas for low BCG 
vaccination are prone to TB and should be given priority 
and be targeted for interventions to reduce the burden 
of TB in Ethiopia.
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