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Abstract objectives To estimate geographical variations of child immunisation at the regional level in

Senegal, to identify individual and contextual factors that could explain these regional discrepancies,

and to measure their effects.

methods Data come from the 2015, 2016 and 2017 Senegalese Demographic and Health Survey, a

national survey targeting women aged 15–49, with a questionnaire focusing on health and

reproductive issues including their children’s immunisation status. We restricted the analysis to

children aged 12–23 months (n = 4955) and conducted a multilevel logistic regression to assess

individual and contextual factors associated with complete immunisation coverage.

results The complete immunisation coverage rate of children was estimated at 68% and ranged from

41% in the region of Kedougou to 83% in the region of Dakar. The inter-regional variance was

significantly different from zero (P = 0.006) in the empty multilevel model. It decreased by more than half

(57 %) after adjusting for individual factors but remained significantly different from zero (P = 0.010).

Regional variations of complete immunisation rates drastically decreased and were no longer statistically

significant (P = 0.343) after adjusting for the following regional factors: population density, density of

hospitals, literacy rate and proportion of health facilities with an antenatal care service.

conclusions Regarding health policies designed to improve childhood immunisation and to reduce

related inequalities, our results highlight the need to take into account both individual and contextual

factors, with a focus on rural and deprived areas where children are at higher risk of incomplete

immunisation.

keywords childhood vaccination, coverage, immunisation, socioeconomic, Senegal

Sustainable Development Goals (SDGs): SDG 3 (good health and well-being), SDG 4 (quality

education), SDG 10 (reduced inequalities), SDG 17 (partnerships for the goals)

Introduction

In sub-Saharan African countries, where vaccine-pre-

ventable diseases are the major contributors to child mor-

tality (74 per 1000 live births), childhood immunisation

remains one of the most cost-effective preventive strate-

gies against mortality and morbidity among children [1].

Following WHO efforts to prevent childhood diseases,

Senegal launched its Expanded Programme on Immuniza-

tion (EPI) in 1979. Thanks to EPI, vaccines are routinely

provided free of charge in public health facilities and dur-

ing mass immunisation campaigns. Door-to-door activi-

ties are regularly implemented across the country to help

increase child immunisation uptake across all regions of

Senegal. In addition to maintaining high coverage rates,

another priority goal is reducing social inequalities in

child vaccination uptake, as Senegalese authorities

endorsed the Global Vaccine Action Plan (GVAP) aiming

at ‘extending by 2020 and beyond the full benefits of

immunization to all people, regardless of where they are

born, who they are, or where they live’ [2].

After decades of implementation, EPI continues to

achieve very significant results in improving children’s vac-

cination uptake in Senegal, which rose from 70% to 75%

between 2012 and 2017 [3]. Despite such efforts, it is nev-

ertheless a struggle to maintain high vaccination uptake

rates across all regions of Senegal. Data from the 2017

Demographic and Health Survey (DHS) showed that rates
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Study population

As in previous studies devoted to childhood vaccination

in various sub-Saharan African countries [3,4,7,10–14],
we restricted the analysis to children aged between 12

and 23 months at the time of the surveys (n = 1295,

1306 and 2354 for DHS 2015, 2016 and 2017, respec-

tively). Combining the three DHS increased the sample

size and enabled us to estimate regional variations of

child immunisation with more accuracy.

Measurement of variables

A binary ‘complete immunisation’ variable was built

whose modalities were coded 1 for children who received

the five vaccines recommended before 24 months of age

(a single shot for BCG, measles and yellow fever vacci-

nes, and three shots for pentavalent and polio vaccines),

and 0 otherwise. We relied on two different sources of

information regarding children’s vaccination status: the

vaccination card shown by mothers to interviewers or

mothers’ recall of vaccination if the card was missing.

Regarding individual factors associated with immunisa-

tion status, the following factors were considered based on

previously published studies [4,12,14–16]: the child’s char-
acteristics (sex, age in months and birth order), mother’s

characteristics (age at childbirth, education level and ethnic

group) and household’s characteristics (wealth index). The

household wealth index is a composite measure of a house-

hold’s cumulative living standard (taking into account

materials used for housing construction, access to sanita-

tion facilities, ownership of television, bicycle, etc.) [17].

Variables on the use of healthcare services, such as the

place of delivery (home/health facility), antenatal care

during pregnancy, and postnatal check-ups within three

months, were also retrieved from the DHS database.

Regarding the geographical localisation of children, we

used the region of residence at the time of the survey. We

chose to work at the regional level because most contex-

tual variables are available at this administrative level

[13]. Senegal is subdivided into 14 regions.

For contextual (regional) variables, we retrieved the

following variables from the ANSD reports on the eco-

nomic and social conditions of regions [13]: population

density in 2016, poverty index (proportion of the popula-

tion that lives in poverty) and literacy rate in 2011. We

also retrieved the following healthcare variables from the

Service Provision Assessment (SPA) survey carried out in

Senegal in 2016 [9]: density of hospitals/health centres/

healthcare staff/general practitioners, proportion of health

facilities with an antenatal care service/vaccination ser-

vice.

of complete immunisation of children aged 12–23 months 
ranged from 34% in the region of K�edougou to 85% in 
the region of Dakar [3]. Likewise, a secondary analysis of 
the 2011 DHS [4] showed that children living in eastern 
regions of Senegal were significantly less likely to be fully 
vaccinated than children living in western regions (OR: 
0.62 95% CI (0.39–0.97)). Regional differences were also 
found when it came to vaccinations being administered at 
the right time [5]. However, these studies did not address 
whether regional differences in child immunisation rates 
could be attributable to differences in population charac-
teristics (socioeconomic level, ethnicity, etc.) or whether 
these disparities referred to differences in quantity and/or 
quality of healthcare services between the administrative 
regions. As a result, the question addressed in this paper 
was whether the effects of contextual socioeconomic fac-
tors (such as poverty index and literacy rate) were likely to 
persist after adjustment for individual-level socioeconomic 
characteristics (such as mother’s education level and 
household wealth index), indicating an independent influ-
ence of area deprivation on child immunisation. Using 
data from the 2015-2017 Demographic and Health Survey 
(DHS) [3,6,7] which is conducted annually by the Sene-
galese National Agency for Statistics and Demographics

(ANSD) in addition to the regional reports on the eco-
nomic and social conditions of all regions of Senegal [8], 
this study aimed at assessing the relative effects of individ-
ual factors and contextual factors on child immunisation.

Methods

Data

The Senegalese National Agency for Statistics and Demo-

graphics (ANSD) carries out nationally representative 
household surveys [3,6,7] and health facility assessments 
[9]. Our data were drawn from the DHS exercises carried 
out in Senegal in 2015, 2016 and 2017 [3,6,7], and 
downloaded from the DHS programme website (dhspro-
gram.com). These surveys involved a two-stage data col-
lection process. At the first stage, the primary sampling 
units (PSUs), which were the census districts, were 
selected with probability proportional to the PSU popula-
tion size. At the second stage, households were selected 
and enumerated within each area segment. The samples 
were stratified by urban and rural areas. In total, 4706, 
4500 and 8800 occupied households were selected for 
the 2015, 2016 and 2017 DHS, respectively, with 
response rates of 99%, 99% and 92%, respectively. One 
questionnaire focussed on women aged 15 to 49 years at 
the time of the survey [8], with a set of questions examin-

ing immunisation coverage of their children under five.



Statistical analysis

In the DHS, the sample is selected with unequal proba-

bility to expand the number of cases available for cer-

tain areas or subgroups for which statistics are needed.

Thus, sampling weights were applied to all statistics to

produce the correct representation as well as corrections

for differential response rates for certain areas or sub-

groups. We used a Spearman rank correlation coeffi-

cient to identify contextual factors associated with child

immunisation rates at the regional level. Multilevel

modelling made it possible to test for associations

between the probability of complete immunisation and

individual-level variables (level 1) and, independent of

the latter, the characteristics of the regions (level 2).

First, a ‘null’ multilevel logistical model (model without

any covariate) was tested to verify the significance of

the inter-region and the inter-survey (DHS 2015, 2016

and 2017) variabilities. We then performed a multilevel

model adjusted on individual variables and a third

model adjusted on both individual and regional vari-

ables. If several regional variables were strongly linked

(such as the proportion of healthcare facilities with an

antenatal care service and the proportion of healthcare

facilities with a vaccination service), then all could be

considered as ‘proxies’ of the same phenomenon, and a

single variable was selected to avoid issues of multi-

collinearity and model convergence. All regional vari-

ables were selected using a backward selection

(P < 0.05 to stay within the model). We used the med-

ian odds ratio (MOR) and the proportional change in

variance (PCV) to quantify the inter-region variability

[18]. All analyses were based on two-sided P-values,

with statistical significance defined by P ≤ 0.05. They

were performed using SAS 9.4 statistical software (SAS

Institute, Cary, NC). Maps were produced using the

QGIS software [19].

Ethical approval

Ethical approval was granted by the Ethics Committee of

the National Statistical Office of Senegal.

Results

Study population characteristics

The study population comprised 4955 children (1295,

1306 and 2354 from the 2015, 2016 and 2017 DHS,

respectively, Table 1). The mean age of the study popula-

tion was 17.5 months (min = 12; max = 23), and the sex

ratio was close to one (51% males). Regarding the

characteristics of the children’s mothers, 56% were aged

under 30 when the child was born, 96% attended antena-

tal care and 86% had at least one postnatal check-up

within three months after the child’s birth.

Complete immunisation coverage rate and bivariate

analyses

Overall, the complete immunisation coverage rate of chil-

dren was estimated at 68%. It ranged from 41% in the

region of Kedougou to 83% in the region of Dakar (Fig-

ure 1). The coefficient of variation of the complete immu-

nisation coverage rate was estimated at 19%: higher

coverage rates were observed in the western and northern

regions of the country, whereas the lowest values were

observed in the eastern and southeastern regions.

Regarding associations with contextual variables,

Table 2 shows that population density (q = 0.78,

P = 0.001), density of hospitals (q = 0.56, P = 0.039)

and literacy rate (q = 0.88, P < 0.001) were significantly

and positively correlated with the regional complete

immunisation coverage rate.

Multilevel modelling

The empty (null) multilevel model indicated an inter-re-

gional variance that was significantly different from zero

(r = 0.32, P = 0.006; Table 3) and an inter-survey vari-

ance that was not statistically significant (r = 0.002,

P = 0.350; Table 3). A likelihood ratio test indicated that

this model provided a better fit than an empty model

without any random effect (P < 0.001), and thus justified

the multilevel approach.

Inter-regional variance decreased to 0.14 (�57 %)

after introducing the individual variables but remained

significantly different from zero (P = 0.010). Regarding

the children’s characteristics, age was positively corre-

lated with complete immunisation. Regarding the moth-

ers’ characteristics, the probability of complete

immunisation was higher among the oldest mothers

(those who were over the age of 30 when the child

was born), more educated mothers, those who gave

birth in a healthcare facility, and those who attended

antenatal care, as well as among those who had at

least one postnatal check-up. Compared to the Wolof

ethnic group (either Puular or Manding), belonging to

a minority ethnic group was negatively correlated with

complete immunisation.

The full model, adjusted for both individual and con-

textual variables, confirmed some of the above-mentioned

bivariate associations (Table 2). The probability of com-

plete immunisation was significantly higher in regions



the model, the inter-regional variance decreased to 0.003

(�98 %) and was no longer significantly different from

zero (P = 0.343). The MOR was close to one (1.05),

which indicated that the residual heterogeneity between

regions in the median case increased by just 1.05 times

the individual odds of complete immunisation when ran-

domly picking out two children within two different

regions (see Figure S1 for maps of regional random effect

estimates with statistical significance).

Table 1 Study population characteristics (DHS 2015-2017, n = 4955)

DHS 2015 DHS 2016 DHS 2017 All

n = 1295 n = 1306 n = 2354 n = 4955

%* %* %* %*

Age of the child at interview in months—mean(SD) 17.4(3.1) 17.4(3.2) 17.6(3.3) 17.5(3.2)
Sex of the child

Male 49.8 50.5 51.6 50.9

Female 50.2 49.5 48.4 49.1
Birth order

First child 20.0 25.7 23.6 23.2

Second child 20.0 15.8 19.4 18.6

Higher 60.0 58.5 57.0 58.2
Mother’s age when the child was born

15–19 5.4 8.2 6.6 6.7

20–29 54.6 48.2 46.2 48.9

30+ 40.0 43.6 47.2 44.4
Mother’s education level

No education 67.8 65.4 60.0 63.4

Primary 19.6 21.4 22.2 21.3
Secondary or higher 12.6 13.2 17.8 15.3

Mother’s ethnic group

Wolof 40.5 41.5 36.1 38.6

Puular 29.7 31.4 28.4 29.5
Serer 13.2 15.6 18.0 16.2

Manding 4.8 4.8 6.2 5.5

Other 11.7 6.6 11.3 10.2

Household wealth quintile
Poorest 25.2 26.6 24.3 25.1

Poorer 23.8 25.2 22.1 23.3

Middle 18.0 17.3 19.7 18.7

Richer 17.8 14.5 16.4 16.2
Richest 15.2 16.5 17.6 16.7

Place of delivery

At health facility 73.8 75.4 79.2 76.8
Home 26.2 24.6 20.8 23.2

Mother attended antenatal care

No 5.6 4.9 3.3 4.3

Yes 94.4 95.1 96.7 95.7
Postnatal check-up within 3 months

No 15.5 12.9 13.7 14.0

Yes 84.5 87.1 86.3 86.0

*Unless otherwise stated.

with a high density of hospitals, a high literacy rate and 
in regions with a high proportion of healthcare facilities 
with an antenatal care service (Table 3). Compared to 
regions with low population density, the probability of 
complete immunisation was significantly higher in regions 
with intermediate population density (OR 95% CI: 1.42 
1.12-1.81) but it was not statistically different in regions 
with high population density (OR 95% CI: 0.99 0.76-
1.29). After introducing these four regional variables to



Discussion

Summary of the main results

Using data from the Senegalese Demographic and Health

Survey (DHS), our study revealed large inter-regional

variations in child immunisation. These variations drasti-

cally decreased after adjusting for individual factors (age

of the child, mother’s age/education level/ethnicity, place

of delivery, use of antenatal care and postnatal check-up)

and especially contextual factors (population density,

density of hospitals, literacy rate and proportion of

healthcare facilities with an antenatal service), which

were significantly associated with complete child immuni-

sation.

Individual determinants of childhood vaccination

Children from mothers who attended antenatal care,

those who gave birth in a healthcare facility or who had

postnatal check-up were found to be more likely to be

fully vaccinated. While similar associations were found in

previous studies in Senegal [4,14], in other sub-Saharan

African countries [12,20], and more generally in low-

and middle-income countries [21], our study showed that

adjusting for these factors drastically decreased the inter-

regional variations of complete immunisation observed in

the empty model. It is, however, worth noting that indi-

vidual factors such as attending antenatal care and post-

natal check-ups could relate to both supply side

(availability and accessibility of healthcare services) and

demand-side (maternal attitude toward pre-/postnatal

care) effects. Our study showed that these effects persist

after adjusting for variables that strictly quantify the sup-

ply of health care on the regional level (density of hospi-

tals, healthcare services with an antenatal service).

Furthermore, the present study confirmed the well-

known effects of mother’s educational level

[4,5,12,15,22–25] and, to a lesser extent, mother’s age

SAINT-LOUIS 76.3%
Complete immunization (%)

40.8 – 51.3

51.3 – 61.9

61.9 – 72.4

72.4 – 83.0
MATAM 61.4%
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LOUGA 60.6%

THIES 82.0%

DAKAR 83.0%

FATICK 76.8%
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SEDHIOU 69.2%

KOLDA 63.1%
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0 75 150 km
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Figure 1 Complete immunisation of children aged 12-23 months at the time of the interview (DHS 2015-2017, n = 4955). Mean:

67.9 %, Max: 83.0 % (Dakar), Min: 40.8 % (K�edougou), Coefficient of variation: 19.2%.

S. Cortaredona et al. Regional variations of childhood immunisations in Senegal



Regardless of the mother’s level of education, children

may have a higher risk of being incompletely immunised

when they live in a less educated region than when they

live in more educated one. It might be related to the

education level of community health workers, who play

an important role in the vaccination campaigns con-

ducted by the health facilities and access to health care

services in general [26].

A multilevel analysis of DHS data from 24 countries in

sub-Saharan Africa [27] also provided evidence that

unimmunised children born to mothers with no formal

education and living in communities with high illiteracy

rates were more likely to be unimmunised. This suggests

that children in the same neighbourhood are subject to

common contextual influences [18], thus, providing evi-

dence of contextual phenomena shaping children’s risk of

being unimmunised.

The lower complete immunisation rates observed in the

eastern regions of Senegal could be partially explained by

the lower density of population, lower density of hospi-

tals and the lower proportion of healthcare facilities with

an antenatal service in these regions. Indeed, the eastern

Table 2 Regional contextual variables (n = 14)

Mean (SD) Min Max

Spearman’s rank

correlation coefficient*

Sociodemographic

variables

Population density (hbts/

km2)†
543.5 (1651.2) 9.9 Kedougou 6269.4 Dakar 0.78

P = 0.001
Poverty index (%)‡ 54.7 (16.6) 26.1 Dakar 76.6 Kolda �0.30

P = 0.296

Literacy rate (%)‡ 45.7 (11.7) 28.4 Matam 68.6 Dakar 0.88

P < 0.001
Health care

variables

Density of hospitals per

100 000 hbt§
0.3 (0.2) 0.0 Kedougou 1.0 Dakar 0.56

P = 0.039

Density of healthcare
centres per 100 000 hbts§

1.1 (0.6) 0.4 Diourbel 2.4 Tambacounda �0.26
P = 0.366

Density of healthcare posts

per 100 000 hbts§
12.2 (4.2) 5.9 Diourbel 20.9 Ziguinchor 0.06

P = 0.840

Density of general
practitioner per 100 000

hbts§

5.6 (5.3) 0.8 Louga 17.2 Sedhiou �0.08
P = 0.782

Proportion of healthcare

facilities with an
antenatal care service

(%)§

89.5 (8.4) 73.1 Kolda 100.0 Matam �0.13

P = 0.637

Proportion of healthcare
facilities with a

vaccination service (%)§

86.7 (11.0) 59.5 Kolda 100.0 Matam �0.13
P = 0.659

*Spearman’s rank correlation coefficient with complete immunisation of children aged 12-23 months at the regional level (see Fig-
ure 1).

†Source: National Agency for statistic and demography (2016 data).

‡Source: National Agency for statistic and demography (2011 data).
§Source: Service Provision Assessment (2016 data).

[15,25] being positively correlated with complete immu-

nisation of their children. Mother’s ethnicity was also sig-
nificantly associated with child immunisation, confirming 
findings of a systematic review of the published literature 
on the reasons for the under-vaccination of children in 
low- and middle-income countries: belonging to a minor-

ity ethnic or religious group was associated with under-
vaccination [21].

Contextual determinants of childhood immunisation

In order to fully grasp the relationship between educa-
tion level and child immunisation, both individual
(mother’s education level) and contextual variables (liter-
acy rate) were introduced to our model, as omitting 
either would result in model bias. Indeed, without indi-
vidual-level information, the literacy rate may act par-
tially or entirely as a proxy for individual 
characteristics. One of the most important findings of 
this study is that the contextual level of education has 
an independent effect on child immunisation, over and 
above the effect of the mother’s level of education.



regions of Senegal are rural regions while the western

region is more urban. From a supply side perspective,

access to immunisation services is usually more difficult

to guarantee in rural areas, thus the effects of these vari-

ables may mediate the urban/rural opposition. Other

studies in sub-Saharan Africa also showed that children

living in rural areas or living a great distance from

healthcare centres were at a higher risk of incomplete

immunisation [28,29], given that poor access and dis-

tance from vaccination services is the most frequently

Table 3 Individual and contextual factors associated with complete immunisation of children aged 12-23 months - Multilevel logistic
regressions (DHS 2015-2017, n = 4955)

Empty model Individual model Full model

OR 95% CI OR 95% CI OR 95% CI

Age of the child at interview* 1.10 1.03–1.17 1.10 1.03–1.17
Sex of the child (ref. female)

Male 1.04 0.92–1.18 1.04 0.92–1.18
Birth order (ref. 1)

2 0.91 0.73–1.14 0.90 0.72–1.13
3+ 0.94 0.76–1.16 0.93 0.75–1.15

Mother’s age when the child was born (ref. 20–30)
15–19 1.01 0.77–1.33 1.00 0.76–1.31
30+ 1.22 1.05–1.42 1.22 1.05–1.42

Mother’s education level (ref. no education)

Primary 1.38 1.16–1.65 1.37 1.15–1.64
Secondary or higher 1.85 1.46–2.33 1.84 1.46–2.33

Mother’s ethnic group (ref. wolof)

Puular 0.63 0.52–0.75 0.67 0.56–0.80
Serer 0.98 0.77–1.26 1.00 0.78–1.28
Manding 0.46 0.35–0.60 0.46 0.36–0.59
Other 0.54 0.42–0.70 0.53 0.42–0.67

Household wealth quintile (ref. middle

Poorest 0.94 0.76–1.17 0.92 0.74–1.13
Poorer 0.94 0.77–1.15 0.94 0.77–1.14
Richer 1.03 0.81–1.32 1.00 0.78–1.28
Richest 1.17 0.85–1.60 1.07 0.78–1.47

Place of delivery (ref. in a health facility)
At home 0.70 0.59–0.82 0.69 0.59–0.81

Mother attended antenatal care (ref. no)

Yes 2.00 1.50–2.66 1.99 1.50–2.65
Postnatal check–up within 3 months (ref. no)
Yes 1.56 1.31–1.86 1.55 1.30–1.85
Inter–survey variability estimate— P –value† 0.002 – P = 0.350

Population density (ref. <Q1)

Intermediate (Q1–Q3) 1.42 1.12–1.81
High (Q1–Q3) 0.99 0.76–1.29

Density of hospitals* 1.19 1.02–1.39
Literacy rate* 1.31 1.12–1.53
Proportion of healthcare facilities with an antenatal care service* 1.21 1.10–1.32
Inter–region variance estimate— P –value‡ 0.32 – P = 0.006 0.14 – P = 0.010 0.003 – P = 0.343

Median odds ratio 1.71 1.42 1.05

Proportional change in variance (%) – –56.5% –98.1%
Akaike information criterion 5939 5700 5670

*In order to compare odds ratios for predictors that were measured on different scales, all continuous predictors were standardised
(mean = 0; SD = 1).
†Random intercept for the three surveys (DHS 2015, 2016 and 2017). Since the effect was not statistically significant in the empty

model, it was excluded from the individual and full models.
‡Random intercept for the 14 regions.



Finally, because the mother’s ethnicity was significantly

associated with child immunisation even after adjusting

for contextual factors, it is possible that local cultural

features shape attitudes toward vaccination. Further

research would be necessary to shed light on this issue.
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