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Abstract
Background: The World Health Organization recommends recording vaccination status according to maternal
recall in countries where administrative reporting systems are insufficiently reliable, as maternal recall in developing
countries has been shown to be quite reliable compared with data from vaccination cards. This study aimed to
investigate childhood vaccination coverage and its determinants according to the mothers’ presentation of
vaccination cards.
Methods: The data come from the 2017 Senegalese Demographic and Health Survey, a nationally representative
household survey of women aged 15–49 years, with a questionnaire focusing on children’s health. This analysis was
restricted to children aged 12–35 months (n = 4032) and it assessed vaccination coverage and associated
sociodemographic factors with weighted multivariate logistic regressions. Stratified multivariate logistic regressions
were also performed to investigate factors associated with routine childhood immunization uptake of the Bacillus
Calmette-Guérin (BCG) vaccine, recommended for administration shortly after birth, as well as of the vaccines
against yellow fever and measles (recommended at 9 months).
Results: Comparison of vaccination coverage estimates according to the vaccination card or parental recall resulted
in a 5–10% difference in estimated coverage for the BCG, pentavalent, measles, and yellow fever vaccines, but a
huge difference for the polio vaccine (93.0% with the card, 32.0% without it). Presentation of the vaccination card
was correlated with mothers’ attendance at health facilities (suggesting it serves as a concrete manifestation of a
bond between mothers and the healthcare system) and their region of residence, but it was not correlated with
usually strong predictors of childhood vaccination, such as maternal education level. Factors associated with
vaccinations differed depending on whether they were administered shortly after birth or later on.
Conclusions: Maternal recall was found to be quite reliable except for oral polio vaccination, which raises the
possibility that complete immunization coverage rates could have been significantly underestimated due to
potential confusion between injection and vaccination. Considering the ability to present vaccination cards as the
materialization of a bond with the healthcare system, the decision path leading to vaccination among those who
lack such a bond appears longer and more likely to be driven by supply-side effects.
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Background
Population-based surveys are a common and convenient
tool for assessing vaccination coverage, especially in
countries where administrative reporting systems are not
sufficiently reliable; they are also useful in identifying
factors associated with reported vaccination, related to
either supply-side or demand-side effects [1, 2]. Evidence
about vaccination in these surveys is usually derived
from one of two main sources: home-based written vaccination records (typically vaccination card/booklet) or
vaccination history, as recalled by the individual interviewed or, for a child, the child’s caretakers.
In developed countries, only a few studies rely exclusively on parental recall [3], and the lack of a written
vaccination record is frequently considered an exclusion
criterion for data analysis [4, 5] since parental recall of
young children’s immunization histories has been found
to be relatively poor [6–8]. Considerable discrepancies
have been found between parental reports and healthcare providers’ records, and overreporting seems more
frequent than underreporting [7]. Among the factors
likely to affect parental recall, the specific vaccine considered and the child’s age (with declining recall accuracy as the child’s age increases) are most important [6,
8]. There are multiple possible sources of inaccurate
reporting. Parents may simply forget a shot, which is
likely to occur considering the high number of childhood vaccinations today and the similarity of the episodes in which they are administered within a limited
period of time [8]. Conversely, parents may be reluctant
to admit that their child was not vaccinated (social desirability bias). However, the main source of inaccurate
reporting may relate to poor initial encoding of the
memory of the relevant events during the interaction between parents and health professionals: parents may not
understand the information provided about the vaccines
being administered, or they may be too distracted to absorb this information properly. Conversely the health
professionals involved in the vaccination process may
not take the time to clearly identify the shots administered during the visit [7].
In developing countries, the picture is quite different,
as home-based written vaccination records are frequently unavailable. In a recent study in Senegal, for example, of parents of a sample of children aged 12–23
months, parents of 31.6% of the children did not have a
vaccination card for them. They were nevertheless included in the analysis, and their vaccination status was
recorded according to maternal recall, as recommended
by the World Health Organization [9]. Previous studies
in sub-Saharan Africa and other low/middle income
countries suggest that maternal recall is quite reliable
compared with the data collected from vaccination cards
[10, 11]. Nonetheless, the availability of these cards
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might be considered a relevant covariate in multivariate
analyses conducted to identify factors associated with
vaccination. The availability of immunization cards at
the time of the survey, for example, turned out to be a
strong predictor of complete immunization among children aged 12–23 months in studies in Senegal, Nigeria,
and Ethiopia [12–14]. This finding is not surprising, as
the possession of an immunization card (which is usually
delivered during prenatal consultations) may be a proxy
variable for unobservable factors strongly correlated with
vaccinations, including the availability of health facilities
or positive maternal attitudes toward vaccination [13].
This study presents a secondary analysis of the 2017
Demographic and Health Survey (DHS), a nationally representative household survey conducted by the Senegalese
National Agency of Statistics and Demography (ANSD),
which collected data about childhood vaccination coverage and its determinants [15]. We focused on
immunization card availability to study its determinants
and its impact on childhood vaccinations among children
aged from 12 to 35 months. Specifically, we first compared
vaccination coverage estimates based on either the vaccination card or parental recall only. Second, we investigated
the sociodemographic factors associated with the presentation of a vaccination card. We expected that these factors would be similar to those usually associated with
non-vaccination in African countries (hypothesis 1), including low level of maternal education, low household
wealth, and rural residence [2, 9, 13, 14, 16–18]. Third, we
investigated the sociodemographic factors associated with
routine childhood immunization uptake of five vaccines,
ranging from Bacillus Calmette-Guérin (BCG) vaccine, administered soon after birth, to yellow fever and measles
vaccines, usually administered at 9 months. These analyses
were stratified by the presentation of a vaccination card to
the interviewer (yes/no), on the assumption that motivators and barriers to vaccination might differ between these
two subsamples (hypothesis 2). We also expected that the
patterns of determinants might change from the vaccines
administered shortly after birth to those administered later
(hypothesis 3).

Methods
Study setting & sampling design

Our data come from the DHS conducted in Senegal in
2017 [15] and downloaded from the DHS program website (dhsprogram.com). The DHS program was established by the United States Agency for International
Development in 1984. Since then, more than 130 nationally representative DHS household-based surveys have
been completed in about 70 countries. They are designed to collect data on various topics, including planning, reproductive health, and child health. Due to their
subject matter, they focus on women of reproductive age
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(15–49), with two distinct questionnaires: a household
questionnaire, the main purpose of which is to identify
women with children under five and those eligible for
individual interviews, and a woman’s questionnaire [19].
The study in Senegal in 2017 was a nationally representative household survey with a two-stage stratified
cluster sampling design. In the first stage, the primary
sampling units, which are the census districts, were selected with probability proportional to their population
size. At the second stage, households were selected and
enumerated within each area segment. The sample was
stratified by urban and rural areas.
Data collection & study population

Data collection started in April 2017 and ended that December. Overall, 8800 occupied households were selected and responded at a rate of 92% (n = 8522). Among
the households interviewed, 17,586 women aged 15–49
years were eligible for the individual survey, and the response rate was 96% (n = 16,787).
All the women interviewed in the 2017 DHS sample in
Senegal responded to a set of questions about the
immunization coverage of their young children (aged
under 36 months, n = 7011). As in previous studies devoted to childhood vaccination in various sub-Saharan
African countries [9, 12–18], we restricted the analysis
to children aged over 12 months at the time of the survey (n = 4709). Because a set of variables about the
mothers’ healthcare use was only available for the youngest child of each woman (her last live birth), the final
study population comprised 4032 children aged between
12 and 35 months at the time of the survey.
Outcome variables & statistical analyses

Two data sources have been used to estimate vaccination coverage in the DHS studies: the vaccination card
shown by mothers to interviewers and/or the mother’s
recall of vaccination. For this study, we built a binary
outcome, coded 0 or 1 (for the children for whom the
mother showed the vaccination card to the interviewer).
This study focused on the following vaccines: the Bacillus Calmette-Guérin (BCG) vaccine (recommended at
birth), the pentavalent vaccine (for diphtheria, tetanus,
pertussis, haemophilus influenza b, and hepatitis b, three
doses recommended at 6, 10, and 14 weeks), the polio
vaccine (an oral vaccine, three doses recommended at 6,
10, and 14 weeks), and the measles and yellow fever vaccines (both recommended at 9 months). Five binary outcomes were constructed for children’s immunization
status, coded 0 or 1 (1 for those who received the single
shot for the BCG, measles, and yellow fever vaccines;
and 1 for those who completed all three shots for the
pentavalent vaccine and all three oral doses for the polio
vaccines). We also built a “complete immunization”
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outcome, coded 1 for children who received all five vaccines (0 otherwise).
To study the factors associated with the presentation
of the vaccination card and immunization status, we retrieved the following information from the DHS database: the child’s characteristics (sex, age in months, and
birth order), the mother’s characteristics (age at child’s
birth, education level, and ethnic group) and her media
exposure (watching TV, listening to radio, or reading
newspapers), the household characteristics (wealth
index), and geographical location (region of residence,
rural/urban area).
The wealth index is a composite index of a household’s cumulative living standard that enables comparability between urban and rural areas. The downloaded
DHS dataset included data related to the wealth index,
calculated by principal component analysis (PCA) of the
following items: source of drinking water, type of toilet,
sharing of toilet facilities, material of principal floor,
walls, roof, cooking fuel, household, services and possessions, such as electricity, TV, radio, watch, types of
vehicles, quantity of agricultural land owned, and type
and number of animals owned. The full methodology
used to construct the wealth index is available [20] as
are the principal component scores of each item included in the index; they can be found online (at https://
www.dhsprogram.com/programming/wealth%20index/
Senegal%20DHS%202017/Senegal%20DHS%202017.
xlsx). As regards exposure to medias, we assumed that
improved awareness and knowledge about vaccination
due to greater media exposure [21–23] might result in a
higher likelihood of vaccination card availability. Finally,
variables on use of healthcare services, such as the place
of delivery (home/health facility), antenatal care during
pregnancy, and postnatal check-ups within 3 months
were also retrieved from the DHS database.
Descriptive statistics including prevalence and frequency distributions were used to estimate children’s
immunization coverage according to whether the vaccination card was presented to the interviewer or not. We
used weighted univariate logistic regressions to identify
factors that were associated with this presentation. Next,
we ran multivariate analyses with a weighted logistic regression model. A stepwise approach was used to assess
the iteration of variables and to control for potential
confounders [24]. Finally, for each vaccination outcome
(BCG, pentavalent, polio, measles, yellow fever, and
complete immunization), two stepwise weighted logistic
regression models were performed depending on
whether or not the mother showed the vaccination card
to the interviewer. Potential endogeneity with the
dependent variables was checked with Housman’s test
[25] (also known as either the Housman specification
test or the Durbin, Hausman and Wu Test). Missing
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values were imputed to the category with the highest
frequency in the multivariate models.
In the DHS survey, the sample is selected with unequal
probability to expand the number of cases available for
certain areas or subgroups for which statistics are
needed. Thus, sampling weights were applied to all statistics to produce accurate representation as well as corrections for differential response rates for certain areas
or subgroups. All analyses were based on two-sided pvalues, with statistical significance defined by p ≤ 0.05.
They were performed with SAS 9.4 statistical software
(SAS Institute, Cary, NC, USA).

Results
Immunization coverage rates according to vaccination
card availability

Figure 1 displays the estimated immunization coverage for
each vaccine considered here, as well as for complete
immunization, depending on whether the child’s mother
showed the interviewer the vaccination card. Immunization
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coverage was systematically and significantly (p < 0.001)
lower among the “no vaccination card” subsample. Moreover, although the difference in estimated coverage between
these subsamples ranged between 5 and 10 percentage
points for the BCG, pentavalent, measles, and yellow fever
vaccines, it was huge for the polio vaccine (93.0% with the
card, 32.0% without it). As a result, the difference was also
huge for complete immunization (81.7% with vs 28.3%
without the card).
Factors associated with the presentation of the
vaccination card

In the multivariate analyses, most of the factors related
to either children’s or mothers’ characteristics had no
statistically significant effect on the presentation of the
vaccination card, except for the child’s age and mother’s
media exposure: mothers of children aged 24–35 months
were less likely to present a vaccination card (adjusted
odds ratio (aOR) = 0.44) than mothers of children aged
12–23 months (see Table 1). Similarly, mothers who

Fig. 1 Immunization coverage of children aged 12–35 months according to the presentation of the vaccination card (Senegal DHS 2017
- n = 4032)
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never watched TV, listened to the radio or read newspapers were less likely to have a vaccination card with
them than those exposed to media. Two other significant factors were related to mothers’ attendance at
health facilities: mothers who had attended antenatal
care were more likely to present the vaccination card
(aOR = 2.23), while those who gave birth at home (instead of at a health facility) were less likely to do so
(aOR = 0.75). Finally, compared with women in northern
Senegal, mothers interviewed in the western part of the
country were more likely to have the vaccination card
(aOR = 1.48) and those from the South less likely to do
so (aOR = 0.73).
Presentation of the vaccination card and factors
associated with childhood vaccinations

Household wealth was positively and statistically significantly associated with BCG vaccination, but only in the
“vaccination card available” subsample (see Table 2).
Conversely, maternal media exposure was positively correlated with BCG vaccination, but only in the “no vaccination card” subsample. Other significant factors
included maternal attendance at health facilities, with
the estimated effects much stronger among the “no vaccination card” subsample: delivery at home vs at a health
facility (aOR = 0.60 in the ‘vaccination card available’
subsample, vs 0.32 in the ‘no vaccination card’ subsample), attendance at antenatal care (non-significant effect vs aOR = 5.42), and postnatal checkup (aOR = 1.81
vs aOR = 4.28). Similarly, the estimated effects for the region of residence were more significant in the “no vaccination card” subsample.
Pentavalent vaccine uptake in the “vaccination card”
sample was statistically significantly associated with numerous characteristics of the children, mothers, and
households (respectively, for example, birth order;
mother’s age at child’s birth, education level, media exposure, and ethnic group; wealth quintile), but not with
any factor related to either attendance at health facilities
or geographical location. Conversely, in the “no vaccination card” subsample, only three of any of the children’s, mothers’, or household characteristics considered
had a significant effect on vaccination, namely, the
child’s age at interview and the mother’s education level
and media exposure. The main estimated effects were
related to attendance at health facilities (place of delivery, attendance at antenatal care and at postnatal
checkup), and geographical location.
The polio vaccine also showed distinct covariates in
the two subsamples: maternal education, household
wealth, and place of delivery in the “vaccination card”
subsample, and in the “no card” subsample, her ethnic
group, media exposure, and place of residence. We also
found distinct effects for region of residence: living in
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western Senegal was positively associated with polio vaccination in the “vaccination card” subsample, compared
with living in northern Senegal in the “no card”
subsample.
Measles vaccine uptake, among other results, was
higher among older children and those in the highest
wealth index quintile in the “no card” subsample. Moreover, the positive effects of maternal education and
media exposure were higher than in the “vaccination
card” subsample (see Table 3). In both subsamples, we
found that the odds of children being vaccinated were
lower when mothers belonged to the Manding ethnic
group. Moreover, only in the “no card” subsample did
mothers’ failure to attend either antenatal care or the
postnatal checkup and their place of delivery significantly increase the odds of the child’s vaccination. Finally, after we controlled for the other effects, children
in the “vaccination card” subsample living in the Center
region were less likely to be vaccinated.
Yellow fever vaccination was more frequent in older
children in both subsamples. Results for maternal media
exposure and ethnic group and for household wealth
and region of residence were the same as for measles
vaccination. Moreover, the positive impact of maternal
attendance at health facilities (place of delivery, antenatal
care, and postnatal checkup) was much stronger in the
“no card” sample.
Finally, the significant effects for complete
immunization were very similar to those estimated for
the polio vaccine in both subsamples, including the regional effects.

Discussion
Main results

Vaccination coverage estimates were significantly higher
among children whose mothers showed the vaccination
card to the interviewer than for those whose mothers
did not. This difference was dramatic for polio vaccination (93.0% vs 32.0%) and necessarily produced a similar gap for the estimates of complete immunization
coverage. In the multivariate analyses, most of the factors related to characteristics of children, mothers, and
households had no influence on presentation of the vaccination card to the interviewer, with the notable exception of maternal media exposure. The main positive
effects were related to attendance at healthcare facilities
and region of residence (western vs. southern Senegal).
The factors significantly associated with successive vaccinations differed depending on the subsample considered
(with or without the vaccination card). These factors
also varied across vaccinations, except for similarities between measles and yellow fever vaccinations on the one
hand, and between polio and complete immunization on
the other.
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Table 1 Factors associated with the presentation of the vaccination card to the interviewer - weighted logistic regression (Senegal
DHS 2017 - n = 4032)
No vaccination cardn = 1059 Vaccination cardn = 2973 All n = 4032 OR 95% CI†
%

%

%

p

aOR 95% CI‡

p

Age of the child at interview
12–23 months (ref.)

42.4

61.8

56.7

1

1

24–35 months

57.6

38.2

43.3

0.45[0.39;0.52] < 0.001 0.44[0.38;0.51] < 0.001

Sex of the child
Male (ref.)

51.2

51.1

51.1

1

Female

48.8

48.9

48.9

1.00[0.87;1.15] 0.961

22.5

22.9

22.8

1

NS

Birth order
1 (ref.)
2

32.2

35.4

34.5

1.08[0.89;1.31] 0.443

>2

45.3

41.7

42.6

0.91[0.76;1.09] 0.281

11.3

12.0

0.82[0.66;1.02] 0.080

NS

Mother’s age at child birth
15–19

13.7

20 (ref.)

48.5

49.0

48.8

1

30+

37.8

39.7

39.2

1.04[0.89;1.21] 0.601

NS

Mother’s educational level (missing = 3)
No education (ref.)

60.4

56.8

57.7

1

NS

Primary

23.3

24.7

24.3

1.13[0.95;1.34] 0.161

Secondary or higher

16.4

18.5

18.0

1.20[0.99;1.46] 0.060

6.9

8.0

1

Less than once a week 17.9

19.1

18.9

1.74[1.32;2.31] < 0.001 1.51[1.13;2.02]

0.006

At least once a week

70.9

74.0

73.2

1.71[1.34;2.17] < 0.001 1.23[0.94;1.60]

0.126

Wolof (ref.)

36.5

36.8

36.7

1

Puular

29.5

27.2

27.8

0.91[0.76;1.08] 0.295

Serer

13.5

18.4

17.1

1.34[1.08;1.67] 0.008

Manding

8.0

5.9

6.5

0.74[0.55;0.98] 0.035

Other

12.5

11.7

11.9

0.93[0.74;1.17] 0.526

21.5

22.7

0.85[0.69;1.05] 0.135

Mother’s exposure to media
Not at all (ref.)

11.2

1

Mother’s ethnic group
NS

Household wealth quintile
Poorest

26.0

NS

Poorer

21.2

21.2

21.2

1.03[0.83;1.28] 0.774

Middle (ref.)

20.9

20.3

20.5

1

Richer

16.2

17.2

17.0

1.10[0.87;1.38] 0.439

Richest

15.8

19.7

18.7

1.28[1.02;1.62] 0.033

At health facility (ref.)

74.9

83.0

80.9

1

At home

25.1

17.0

19.1

0.61[0.52;0.73] < 0.001 0.75[0.62;0.91]

Place of delivery

0.003

Mother attended antenatal care (missing = 84)
No (ref.)

3.9

1.2

1.9

1

Yes

96.1

98.8

98.1

3.24[2.04;5.13] < 0.001 2.23[1.36;3.65]

1

13.4

14.8

1

Postnatal check-up within 3 months (missing = 6)
No (ref.)

18.8

NS

0.001
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Table 1 Factors associated with the presentation of the vaccination card to the interviewer - weighted logistic regression (Senegal
DHS 2017 - n = 4032) (Continued)
No vaccination cardn = 1059 Vaccination cardn = 2973 All n = 4032 OR 95% CI†
Yes

%

%

%

81.2

86.6

85.2

p

aOR 95% CI‡

p

1.50[1.24;1.80] < 0.001

Place of residence
Urban (ref.)

36.0

40.9

39.6

1

Rural

64.0

59.1

60.4

0.81[0.70;0.94] 0.005

NS

North (ref.)

17.1

16.3

16.5

1

West

25.4

37.4

34.3

1.54[1.24;1.92] < 0.001 1.48[1.18;1.86]

0.001

Center

31.1

28.7

29.3

0.96[0.78;1.19] 0.741

0.94[0.75;1.17]

0.562

South

26.3

17.6

19.9

0.70[0.56;0.88] 0.002

0.73[0.58;0.92]

0.008

Region
1

†: Crude odds ratios with 95% confidence intervals (bivariate analysis)
‡: Adjusted odds ratios with 95% confidence intervals estimated using a weighted logistic regression model. A stepwise approach was used to assess the iteration
of variables and to control potential confounders
NS: non statistically significant (p > 0.05) after stepwise selection
Note: Potential endogeneity with “antenatal care” was tested using the Housman’s test. The variables “distance to health facility” and “permission to go to health
facility” were used as instrumental variables. No significant endogeneity issue was detected (p = 0.43)

Study limitations

Apart from the usual limitations of self-reported surveys,
the main limitation of this study is that some timevarying sociodemographic factors were measured at the
time of the survey, i.e., not at the time of each vaccination considered. As a result, statistical relations between
sociodemographic characteristics and vaccinations
should be interpreted cautiously. For example, a household in the fifth quintile of the wealth index at the time
of the survey might have been in a lower quintile when
the child received the BCG vaccine. Similarly, inability
to show the child’s vaccination card to the interviewer at
the time of the survey does not necessarily mean that
the card was permanently lost or that it had been unavailable in the previous months when vaccinations had
been scheduled. Finally, we should mention a potential
bias in vaccination coverage estimates, due to child mortality, to which vaccine-preventable diseases contribute,
and the DHS does not collect data on deceased children.

Estimated immunization coverage rates and presentation
of the vaccination card

The fact that estimated immunization coverage rates
were lower in the “no card” subsample is consistent with
previous studies that have found mothers’ ability to
present this card to be a strong predictor of complete
childhood immunization [12–14]. Nonetheless, contrary
to hypothesis 1, not having it readily available was not
correlated with other usually strong predictors of childhood vaccination, notably maternal education level, but
it was correlated with mothers’ attendance at health facilities and their region of residence. In particular, presentation of the vaccination card was more frequent in

western Senegal, where the estimated immunization
coverage rates are highest [16].
Nevertheless, the enormous gap observed for polio
vaccination - 93% among those with vaccination cards
and only 32% among the “no card” subsample (and
markedly different from the 5 to 10 percentage-point
gap for the other vaccines) - is quite disturbing, and a
strong reporting bias related to this vaccination may be
suspected. As we pointed out in the introduction, a main
source of inaccurate reporting of past vaccinations is
likely to be poor initial encoding of the memory of the
relevant events [7]. In this case, and contrary to most
other childhood vaccines used in Senegal, which are
injected, the polio vaccine is taken orally as drops. Although this route of administration is common to many
treatments in both allopathic and traditional medicine,
previous studies have shown that laypeople frequently
confuse injection with vaccination since they tend to
consider that vaccination always involves an injection
[26–28]. This might well explain at least in part the considerable discrepancies observed between maternal recall
and data from vaccination cards. As a result, parents’
misunderstanding of polio vaccine leads not only to
underestimated vaccination coverage among children
whose mothers were not able to present their vaccination card to interviewers but also to a massive mechanical underestimation of complete immunization
coverage.
Presentation of the vaccination card and factors
associated with vaccinations

As expected, the factors associated with childhood vaccinations varied according to whether mothers showed the
vaccination card to interviewers (hypothesis 2

NS

NS

NS

NS

NS

NS

0.64[0.34;1.20]

1.47[0.60;3.57]

3.57[1.00;12.72]

Poorer

Richer

Richest

0.050

0.399

0.165

3.63[1.73;7.59]

1.27[0.78;2.09]

1.12[0.73;1.73]

1.06[0.68;1.65]

0.001

0.338

0.606

0.790 NS

NS

NS

NS

NS

aOR 95% CI†

Vaccination card n =
2973

< 0.001

0.001

4.12[1.92;8.81]

1.32[0.82;2.15]

1.20[0.80;1.81]

1.08[0.71;1.65]

NS

NS

0.045 2.39[1.30;4.42]

0.013 0.85[0.60;1.21]

0.003

p

Polio†

NS

NS

NS

NS

aOR 95% CI‡

No card n =
1059

0.59[0.37;0.95]

0.58[0.32;1.06]

1.06[0.70;1.60]

0.47[0.32;0.69]

2.19[1.29;3.69]

2.19[1.23;3.89]

<
0.001

0.255

0.382

0.704 NS

0.005

0.363 NS

p

0.029

0.077

0.780

< 0.001

0.003

0.007

< 0.001

p
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Place of delivery (ref. at health facility)

0.42[0.23;0.77]

Poorest

0.005 NS

0.301

1.32[0.78;2.23]

Other

Household wealth quintile (ref. middle)

0.032
0.337

0.031 NS

1.63[1.04;2.55]

1.52[1.04;2.23]

0.015 3.39[1.98;5.81]

0.422 2.79[1.50;5.18]

0.004 2.31[1.02;5.23]

0.727 2.25[1.18;4.28]

0.078

0.76[0.44;1.32]

NS

< 0.001 1.87[1.13;3.09]

< 0.001 1.23[0.74;2.05]

2.62[1.37;5.01]

1.07[0.73;1.56]

1.38[0.96;1.99]

0.001 NS

0.004

0.43[0.24;0.76]

0.43[0.26;0.72]

0.008 NS

NS

1.90[1.25;2.89]

aOR 95% CI‡

No card n =
1059

0.51[0.30;0.84]

NS

NS

aOR 95% CI†

Manding

NS

4.26[2.35;7.72]

3.87[1.93;7.75]

NS

NS

NS

NS

NS

aOR 95% CI‡

p

Serer

Puular

Mother’s ethnic group (ref. Wolof)

At least once a
week

Less than once a
week

Mother’s exposure to media

Secondary or
higher

Primary

Mother’s education level (ref. no education)

30+

15–19

Mother’s age at child birth (ref. 20–30)

3+

2

Birth order (ref. 1)

Female

Sex of the child (ref. male)

24–36 months

Age of the child at interview (ref. 12–23 mths

aOR 95% CI†

p

Vaccination card n =
2973

No card n =
1059

Vaccination card n =
2973
p

Pentavalent†

BCG

Table 2 Factors associated with vaccinations (BCG, pentavalent, and polio) of children aged 12–35 months - weighted logistic regressions (Senegal DHS 2017 - n = 4032)

Seror et al. BMC Public Health
Page 8 of 13

0.60[0.39;0.92]

NS

1.81[1.17;2.80]

1.40[0.64;3.08]

0.69[0.39;1.21]

0.57[0.33;1.01]

Center

South

NS

West

Region (ref. North)

Rural

Place of residence (ref. urban)

Yes

Postnatal check-up within 3 months (ref. no)

Yes

Mother attended antenatal care (ref. no)

At home

aOR 95% CI†

0.052 0.31[0.15;0.61]

0.198 0.82[0.39;1.74]

0.397 24.65[1.43;
426.24]

NS

0.008 4.28[2.57;7.14]

5.42[2.14;13.72]

0.018 0.32[0.19;0.54]

aOR 95% CI‡

aOR 95% CI†

0.001

0.600

0.028

NS

NS

< 0.001 NS

< 0.001 NS

< 0.001 NS

p

Vaccination card n =
2973

No card n =
1059

Vaccination card n =
2973
p

Pentavalent†

BCG
p

0.26[0.14;0.50]

0.44[0.23;0.84]

2.58[0.87;7.71]

NS

4.62[2.94;7.24]

3.74[1.53;9.14]

0.39[0.25;0.60]

aOR 95% CI‡

No card n =
1059
aOR 95% CI†

Vaccination card n =
2973

NS

0.87[0.59;1.29]

< 0.001 1.03[0.66;1.61]

0.013

0.089 1.66[1.02;2.69]

NS

< 0.001 NS

0.004

< 0.001 0.67[0.47;0.95]

p

Polio†

NS

NS

NS

NS

aOR 95% CI‡

No card n =
1059

0.907

0.502

0.55[0.36;0.86]

0.53[0.35;0.81]

0.040 0.43[0.28;0.67]

0.024

p

Table 2 Factors associated with vaccinations (BCG, pentavalent, and polio) of children aged 12–35 months - weighted logistic regressions (Senegal DHS 2017 - n = 4032)
(Continued)

0.008

0.003

< 0.001

p
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NS

NS

NS

30+

1.90[1.30;2.78]

At least once a
week

0.91[0.61;1.37]

Manding

Other

2.16[1.09;4.28]
4.10[1.43;11.81]

Richer

Richest

2.07[1.18;3.64]

0.009

0.027

<
0.001

0.011

0.027

0.661 0.46[0.23;0.92]

3.32[1.85;5.96]

NS

<
0.001

0.372

0.001

<
0.001

0.007 0.25[0.12;0.50]

0.023 0.74[0.37;1.44]

0.831 0.42[0.25;0.71]

0.001 3.59[2.09;6.17]

0.007

0.001

0.040

0.007

NS

0.93[0.62;1.37]

0.51[0.33;0.78]

1.59[1.12;2.25]

0.97[0.72;1.29]

1.71[1.17;2.48]

1.33[0.88;2.00]

2.03[1.41;2.93]

1.46[1.09;1.94]

NS

NS

NS

1.44[1.14;1.82]

aOR 95% CI†

0.010 1.47[0.90;2.39]

NS

NS

NS

0.002 1.57[1.09;2.27]

aOR 95% CI‡

No card n =
1059

4.89[1.82;13.17]

2.99[1.49;5.98]

2.44[1.37;4.33]

1.60[0.90;2.84]

0.701 0.68[0.35;1.31]

0.002 0.36[0.18;0.70]

0.009 0.89[0.47;1.69]

0.818 0.57[0.35;0.94]

0.005 3.10[1.81;5.28]

0.173 2.35[1.32;4.19]

< 0.001 3.89[1.77;8.58]

p

0.002

0.002

0.003

0.110

0.248

0.003

0.722

0.028

<
0.001

0.004

0.001

0.122

0.015

p

2.31[1.54;3.47]

1.37[0.97;1.92]

1.01[0.75;1.35]

0.86[0.64;1.17]

1.20[0.83;1.72]

0.68[0.45;1.01]

1.63[1.20;2.22]

1.05[0.81;1.36]

1.55[1.09;2.21]

1.25[0.87;1.80]

1.70[1.22;2.37]

1.12[0.87;1.44]

NS

NS

NS

1.36[1.11;1.67]

aOR 95% CI†

Vaccination card n =
2973

Complete immunization†

<

0.071

0.960

0.342

0.329

0.057

0.002

0.709

0.014

0.233

0.002

0.387

0.003

p

1.29[0.79;2.11]

1.33[0.83;2.10]

0.98[0.64;1.50]

0.53[0.33;0.85]

0.57[0.35;0.94]

0.63[0.34;1.17]

1.16[0.76;1.77]

0.42[0.28;0.63]

2.53[1.38;4.62]

2.45[1.28;4.71]

NS

NS

NS

NS

NS

aOR 95% CI‡

No card n =
1059

0.337

0.303

0.920

0.014

0.027

0.145

0.487

<
0.001

0.003

0.007

p
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Poorer

Poorest

Household wealth quintile (ref. middle)

1.50[1.06;2.14]

0.54[0.34;0.84]

Serer

1.03[0.76;1.40]

Puular

Mother’s ethnic group (ref. Wolof)

1.45[0.96;2.20]

Less than once a
week

0.077 2.23[1.25;3.97]

0.003 4.24[1.85;9.71]

Secondary or higher 1.76[1.21;2.55]

Mother’s exposure to media

0.037 1.71[1.03;2.87]

0.052

0.007 NS

NS

NS

1.69[1.16;2.47]

aOR 95% CI‡

1.37[1.02;1.84]

Primary

Mother’s education level (ref. no education)

0.62[0.44;0.88]

0.79[0.62;1.00]

15–19

Mother’s age at child birth (ref. 20–30)

3+

2

Birth order (ref. 1)

Female

Sex of the child (ref. male)

24–36 months

Age of the child at interview (ref. 12–23 mths

aOR 95% CI†

p

Vaccination card n =
2973

No card n =
1059

Vaccinationcard n =
2973
p

Yellow fever

Measles

Table 3 Factors associated with vaccinations (measles, yellow fever, complete immunization) of children aged 12–35 months - weighted logistic regressions (Senegal DHS 2017
- n = 4032)
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NS

NS

NS

0.64[0.45;0.92]

1.07[0.72;1.59]

Center

South

0.738

0.078

0.078 NS

NS

2.85[1.84;4.42]

7.17[2.75;18.72]

0.45[0.29;0.69]

aOR 95% CI‡

<
0.001

<
0.001

<
0.001

0.95[0.65;1.39]

0.62[0.44;0.87]

1.37[0.94;1.99]

NS

1.39[1.04;1.85]

NS

NS

aOR 95% CI†

p

0.806

0.006

0.098 NS

1.68[1.01;2.80]

0.025 3.14[2.05;4.81]

5.20[2.02;13.39]

0.34[0.23;0.52]

aOR 95% CI‡

No card n =
1059

0.047

<
0.001

<
0.001

<
0.001

p

0.90[0.65;1.26]

0.74[0.55;1.00]

1.16[0.82;1.64]

NS

1.35[1.04;1.75]

NS

NS

aOR 95% CI†

Vaccination card n =
2973

Complete immunization†

0.544

0.051

0.404

0.025

0.001

p

†: Adjusted odds ratios with 95% confidence intervals (estimated using a weighted logistic regression model) among mothers who presented the vaccination card to the interviewer
‡: Adjusted odds ratios with 95% confidence intervals (estimated using a weighted logistic regression model) among mothers who did not present the vaccination card to the interviewer
NS non statistically significant (p > 0.05) after stepwise selection

1.41[0.96;2.07]

NS

West

Region (ref. North)

Rural

Place of residence (ref. urban)

Yes

Postnatal check-up within 3 months (ref. no)

Yes

Mother attended antenatal care (ref. no)

At home

Place of delivery (ref. at health facility)

aOR 95% CI†

p

Vaccination card n =
2973

No card n =
1059

Vaccinationcard n =
2973
p

Yellow fever

Measles

0.58[0.37;0.92]

0.53[0.34;0.82]

0.40[0.26;0.63]

NS

1.56[1.03;2.35]

NS

NS

aOR 95% CI‡

No card n =
1059

0.022

0.004

<
0.001

0.337

p

Table 3 Factors associated with vaccinations (measles, yellow fever, complete immunization) of children aged 12–35 months - weighted logistic regressions (Senegal DHS 2017
- n = 4032) (Continued)
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confirmed). Ability to present the child’s vaccination
card at the time of the survey correlated with mothers’
attendance at health facilities, perhaps suggesting that it
is a concrete manifestation of a bond between mothers
and the health system. While the decision path leading
to vaccination is likely to differ according to whether
such a bond exists, our results suggest that this pathway
might be longer when it does not. In the “no card” subsample, older children (aged 24–35 months) were indeed
more likely to receive the pentavalent, measles, and yellow fever vaccines (vs. only the last one in the other subsample), indicating delayed vaccinations that are
suboptimal from a public health point of view [2]. Thus,
interventions designed to improve the retention of child
immunization cards may help improving timely childhood vaccination coverage [29].
In addition, the factors associated with vaccinations
differed depending on whether vaccines were administered soon after birth or later: hypothesis 3 was confirmed. This finding, obtained in both subsamples, is
consistent with one crucial aspect of contemporary vaccine hesitancy, that people are supposed to endorse
vaccine-specific attitudes and behaviors [30, 31]. Despite
the differences reported, some common patterns
emerged from our results. Among the children whose
mothers had had the vaccination card available for presentation, characteristics of the child, mother, and household were stronger determinants of vaccination, whereas
geographical location and mothers’ attendance at healthcare facilities were stronger determinants of vaccination
in the “no card” subsample. One notable exception was
maternal media exposure, which was a stronger predictor of vaccination in the “no card” subsample. Nevertheless, watching TV, listening to the radio, and/or
reading are also indicators of exposure to prevention
campaigns that promote vaccination on these media [21,
22] and may thus be considered a supply-side effect.
In other words, when there was a bond between the
family and the health system, embodied by the ability to
present the vaccination card, vaccinations were mainly
driven by demand-side effects that illustrated the social
differentiation of vaccination-related behaviors. Conversely, in the absence of such a bond, vaccinations
tended to be mainly driven by supply-side effects. According to the theoretical framework proposed by the
WHO to understand contemporary vaccine hesitancy
[30, 31], this hesitancy is a matter of complacency, convenience, and confidence. In our study, however, convenience issues probably weighed most heavily on
inability to present the vaccination card.

Conclusions
In developing countries, quantitative surveys conducted
to estimate childhood vaccination coverage rely on
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maternal recall when mothers are unable to present their
child’s vaccination card to interviewers. Using secondary
analysis of the 2017 DHS conducted in Senegal, this
study aimed to investigate childhood vaccination coverage and its determinants according to the mothers’ presentation of vaccination cards, as well as the
determinants of such presentation. We would like to
highlight the following points. First, polio vaccine coverage as well as complete immunization coverage are likely
to be greatly underestimated in Senegal as well as in
other countries were the polio vaccine is taken orally.
Secondly, the decision path leading to vaccination appeared longer when mothers were unable to present
their child’s immunization card, thus interventions designed to improve the retention of these cards may help
improving timely childhood vaccination coverage.
Thirdly, the patterns of vaccination determinants
depended on which vaccine was considered, which is
consistent with contemporary vaccine hesitancy.
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