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Abstract
Background: Vaccine-preventable diseases are major contributors to the disease burden in Sub-Saharan Africa, accounting for many childhood illnesses,
disabilities, and mortality. There is dearth of knowledge on the drivers of vaccine hesitancy in Nigeria and the extent of its impact on coverage. Pregnant
women are a particularly important vulnerable and at-risk group and, additionally, very relevant for childhood vaccination decisions. However, this group is
understudied in Nigeria. This study’s aims are to adapt Con�dence, Complacency, Constraints, Calculation, and Collective Responsibility, also known as the
5C psychological antecedence scale for the Nigerian context and to measure vaccine hesitancy to predict the intention to vaccinate among pregnant women
(prenatal) and subsequent vaccination behavior (postnatal).

Method: It is a longitudinal study that used multi-stage sampling procedure. One healthcare facility was selected from each district in �ve regional clusters,
from which 255 pregnant women were randomly drawn. A standardized questionnaire was used to collect data on demographic characteristics, sources of
vaccination information, and the 5C psychological antecedents of vaccination. Additional variables tested included the importance of religion, masculinity,
and rumor/conspiracy theory. The scale’s reliability was explored, and a backward elimination regression analysis was performed to identify the major
determinants of childhood vaccination intention among pregnant women (T1) and their postnatal behavior (T2).

Results: The prenatal (T1) �ndings revealed low reliability of the 5C subscales in Nigeria’s setting. Pregnant women’s intention to vaccinate unborn children
was lower if they were Muslims, had lower con�dence in public authorities or the health system, if husband approval was important for vaccination, and if
they believed in rumor. Postnatal (T2) �ndings revealed that vaccination was more likely to follow mothers’ religious beliefs, when con�dence in vaccine
effectiveness was high and when mothers felt responsible for the collective. However, higher levels of everyday stress (constraints) were related to less
vaccination behavior, and intention did not predict actual vaccination behavior.  

Conclusion: The 5C scale is incompletely adaptable in Nigeria but is a better tool for measuring vaccination behavior than intention. Overall, the vaccination
intention did not predict behavior among pregnant women. The additional variables are good instruments that need further exploration. 

Background
Since the millennium, vaccine coverage for preventable infectious diseases in sub-Saharan Africa (SSA) has reached multiple targets, although acceptance
and uptake still have the steepest height to climb in the region [1]. Even where successes have been recorded (increased vaccine uptake), the erosion of
these gains owing to unclassi�ed determinants or drivers and other vaccine-speci�c-related controversies in the region complicates responses and makes
interventions even harder [2]. Unsurprisingly, 39 out of the 57 eligible countries for GAVI vaccine support in 2020 were in SSA [3]. This will continue to plague
the region if the determinants of vaccine hesitancy, especially in SSA, are not identi�ed, studied, measured, and addressed [2]. Current knowledge on the gap
and drivers of vaccine hesitancy in SSA is very scarce alongside knowledge about the extent of its impact on coverage or appropriate interventions [2]. This
is partially because the design of interventions has been based on scienti�c research from high-income countries (HIC) [4, 5]. Nevertheless, few interventions
in SSA based on preliminary study outcomes have shown potency in improving vaccine acceptance [6]. To evaluate their real impact and effectiveness, it is
important to test and validate measurement tools in SSA.

Parents, in general, and mothers, in particular, can strongly in�uence childhood vaccination decisions [7]. However, little is known about vaccine hesitancy
among pregnant women. There is a likelihood that a mother’s hesitation could affect childhood vaccination [8–10]. This is partly why vaccine-preventable
diseases account for more than one in eight child deaths before their �fth birthday in Nigeria [11]. In fact, Nigeria recorded an estimated average of 858,000
under-�ve deaths in 2019 alone [12].

Reaching the Sustainable Development Goal (SDG) number 3 (Good Health and Well-being) by 2030 is becoming unlikely, in view of health outcome trends
vis-a-vis the proportion of newborns [11, 13, 14]. Nigeria barely came close to achieving Millennium Development Goal (MDG) number 4 (reduction in under-
�ve mortality). Progress as seen in under-�ve mortality from previous years has recently declined considerably as fatality rates increased again and range at
about 120 deaths per 1,000 live births; infant mortality was at 70 per 1,000 in 2016 [13]. In 2019, Nigeria had an under-�ve mortality ratio of 201 per 1000
live births, meaning that one in �ve Nigerian children has not reached the age of 5 [12, 15], most of which die of a vaccine-preventable disease. At the same
time, and despite the enormous �nancial resources expended on Expanded Program on Immunization (EPI), Nigeria is still one of the 10 countries in the
world where most children are without complete immunization [16]. The reasons for the surge in under-5 mortality and declining vaccine demand remain
unclear. Shedding light on these general questions is the goal of this study, and, speci�cally, to understand the drivers of vaccine hesitancy or enablers of
low vaccine demand and to assess adapting the 5C model as a tool for measuring vaccine hesitancy in SSA/Nigeria context.

While substantial progress has been recorded globally on infant and child mortality by preventing infectious diseases, this has not been the same for most
vulnerable populations, such as pregnant women and newborns through maternal immunization [17]. Studies have shown that more than 50% of the 2.76
million annual neonatal deaths are due to vaccine-preventable infections (22%) or pre-term births (35%), while about half of stillbirths are the resultant
effects of maternal infections [18, 19]. While child health has been improved substantially through vaccination over the years using EPI, little has been
extended to other equally vulnerable groups, such as newborns and young infants: some too fragile to receive routine immunizations in the �rst month of
life [20]. As “vaccines are one of the most successful interventions to protect pregnant women and their fetuses, and infants from diseases that cause
substantial morbidity and mortality” [17, 21, 22], maternal immunization is beginning to receive increasing attention.

Pregnant women frequently refuse in�uenza (Flu) vaccines compared to Diphtheria, Tetanus, and Pertussis (DTP3) [23]. They and their babies are the most
vulnerable groups because immunological and serological changes that occur during pregnancy can alter the mother’s and the fetus’s susceptibility to
various infectious diseases [24]. Vaccinating pregnant women can have a double goal: to protect the mother from preventable diseases that affect her
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health and avoid infection/disease transmission to the fetus or newborn. Despite the potential bene�ts, pregnant women who doubt the real advantages of
vaccines still resist vaccinations [25–28].

Besides vaccine-preventable infections being among the leading causes of morbidity and mortality in pregnant women, they are also the breeding ground
for potential behavior that puts children in a vulnerable state in their early life [29]. Hence, supporting the maternal vaccination decision is critical during
pregnancy because receiving vaccines generates maternal immune protection, transfers antibodies (via the placenta and breastfeeding) for early infant
protection [30], and helps to assess the attitude during prenatal. Also, it is crucial to understand drivers of the decision and its determinants. Therefore, the
5C psychological antecedent model are a means to do so. Further, in this study, using the 5C psychological antecedent model plus additional variables, this
framework’s adaption in measuring drivers of vaccine hesitancy in Nigeria was explored.

Understanding 5C Psychological Antecedents that Measure Vaccine Hesitancy
It is important to highlight the �ve main psychological antecedents of vaccination guiding this study. Since the analytical framework of this study was
derived from the original 5C [5], it is signi�cant to buttress the measures. The measure goes beyond assessing con�dence in the vaccine and the system
administering the vaccines. Other relevant predictors are complacency (low-risk perception of vaccine-preventable diseases), constraints (structural and
psychological barriers), calculation (meticulous search for vaccine information), and collective responsibility (consciousness to protect others) [5].

Con�dence “is de�ned as trust in the effectiveness and safety of vaccines, the system that delivers them, including the reliability and competence of the
health services and health professionals, and the motivations of policy-makers who decide on the need of vaccines” [5]. Individuals who lack con�dence
have negative attitudes toward vaccination. Complacency “exists where perceived risks of vaccine-preventable diseases are low, and vaccination is not
deemed a necessary preventive action.” Complacent individuals do not feel threatened by infectious diseases and thus have no impetus to change their
prevention behavior. Complacency is usually negatively related to the perceived risks of diseases. Constraints are issues when “physical availability,
affordability and willingness-to-pay, geographical accessibility, ability to understand (language and health literacy) and appeal of immunization service
affect uptake.” In this study, we expected positive correlations with perceived time pressure and daily hassles and a negative correlation with perceived
access to healthcare. Calculation refers to individuals’ engagement in extensive information searching. We assumed that individuals high in calculation
evaluate the risks of infections and vaccination to derive a good decision. Collective responsibility is de�ned as the willingness to protect others by one’s
own vaccination through herd immunity. Thus, people high in collective responsibility are willing to vaccinate in another person’s or community’s interest.
Conversely, having low values indicates that a person does not know about herd immunity, does not care or want to vaccinate for others’ bene�t.

As validated by Betsch et al. [5], con�dence positively correlates with knowledge, attitudes, and trust in a health system. Complacency is expected to be
negatively and positively related to risk perception of vaccine-preventable diseases and perception of good health status and invulnerability, respectively.
Constraints correlate positively with a perception that everyday stress impedes vaccination action and a lack of self-control. Calculation is expected to have
positive relations with a preference for critical thinking and well-informed decision-making. Collective responsibility correlates positively with communal
orientation, collectivism-individualism, and empathy.

Besides exploring the validity of the 5C measure in SSA, speci�cally in Nigeria, three additional measures were considered as potential predictors such as
religion, masculinity and rumor/misinformation.

Study Aim
The primary goal is to adapt and validate the 5C scale for measuring vaccine hesitancy in Nigeria using two independent measurement points from the
same participants (pre-post). Measurement point one (T1) used the adapted scale to predict the vaccination intention of pregnant women. Measurement
point two (T2) was conducted 12 months postnatal to assess if intention (prenatal) translated into actual vaccination behavior. It is expected that the 5C will
predict vaccination intention and behavior as described above. Moreover, we expected the three additional variables (religion, masculinity and
rumor/misinformation) to negatively in�uence vaccination intention and behavior [31, 32]. Also, intention (T1) is expected to predict the mother’s
vaccination behavior (T2).

Methods
The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Institutional Review Board (Ethics Committee) of
National Health Research Ethics Committee in Nigeria for both (T1 and T2) studies. Written informed consent was obtained from all participants.

Participants
At T1, participants were pregnant women (N = 255) attending routine antenatal care. The rationale for this focus was based on a) the primary outcome of
the study, which was the mothers’ intention and decision to vaccinate her child, and b) the morbidity and mortality from the vaccine-preventable disease
being highest among children under �ve (U5M) in the country of study [33]. Therefore, eligibility for inclusion was being female and pregnant. Participants
during the prenatal study gave consent to be included and contacted for follow-up study (T2). Upon invitation for the postnatal study, 96 participants agreed
to participate out of the 179 successfully contacted. Out of the 96 participants, the ages of their children ranged from six to 12 months old.

Study Design and Setting
In this study, we used a longitudinal study design with a multistage sampling procedure at T1. A sample of primary units was obtained from �ve clusters,
and then a sample of secondary units was selected from each primary unit [34]. Nigeria’s capital territory was divided into �ve clusters. At least one
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healthcare facility was randomly selected from each cluster, from which participants (pregnant women attending antenatal check-ups) were randomly
drawn. Out of the �ve health facilities, two were primary health centers, one was a general hospital, one was a tertiary health facility/specialist hospital, and
the last was a private hospital. Data collection at T1 occurred in the fall of 2018. For T2, all participants who provided their contact details were directly
contacted via telephone and included upon consent. Data collection at T2 took place in the fall of 2019.

Measures at T1
A structured questionnaire was developed using the 5C+ scale. Beyond providing informed consent, participants �lled in the items for demographic
information, 5C+, vaccination intention, and trust in sources of vaccination information. The items for each scale were randomized (within scale) before
printing the questionnaires and remained in the same order for all participants.

Demographic characteristics
The study assessed age, gender (female, male, and other), education attainment (primary, secondary, tertiary, others), region of origin (South-West, South-
East, South-South, North-West, North-East, and North-Central), type of employment (public service, self-employed, unemployed, private company/NGO, and
housewife), marital status/married (yes, no, have a partner), and religion (Christian, Muslim, traditional religion, no religion).

5C psychological antecedents of vaccination and additional variables (5C+)
The 5C scale comprises 15 items as reliable indicators of con�dence, complacency, constraints, calculation, and collective responsibility. 5 of them
represent a short version with one item per construct.

Con�dence: “I am completely con�dent that vaccines are safe.” “Vaccinations are effective.” “Regarding childhood vaccines, I am con�dent that public
authorities decide in the best interests of the community.” Complacency: “Vaccination is unnecessary because vaccine-preventable diseases are not
common anymore.” “My immune system is so strong that it also protects me against diseases.” “Vaccine-preventable diseases are not so severe that I
should get vaccinated.” Constraints: “Everyday stress prevents me from getting vaccinated.” “For me, it is inconvenient to receive a vaccination.” “Visiting the
doctors makes me feel uncomfortable; this keeps me from getting vaccinated.” Calculation: “When I think about getting vaccinated, I weigh the bene�ts and
risks to make the best decision possible.” “For each and every vaccination, I closely consider whether it is useful for me.” “It is important for me to fully
understand the topic of vaccination before I get vaccinated.” Collective Responsibility: “When everyone is vaccinated, I do not have to get vaccinated too.” “I
get vaccinated because I can also protect people with weaker immune system.” “Vaccination is a collective action to prevent diseases’ spread.” The
response scare ranging from 1 = strongly disagree to 5 = strongly agree was used.

Additional Variables (5C+):
The additional items were religion, masculinity, and rumor. We refer to the adapted version as 5C+.

Religion

Religion is another important aspect of everyday life that affects people’s attitudes toward vaccination [35–37]. Therefore, we included “My religion is
incompatible with vaccination, so I may refuse immunization for my child” (1 = strongly disagree to 5 = strongly agree).

Masculinity

The variable measured the extent of the in�uence of fathers or husbands on childhood vaccination decisions in households. Their attitudes toward
vaccination play an important role in acceptance or refusal [38–40]. Mothers who solely depend on their husbands’ or child’s father’s approval are
susceptible to vaccine hesitancy if he refuses [41]. The item was “What is your spouse’s view on vaccination?” (1 = strongly discourage vaccination to 5 =
strongly encourage vaccination).

Rumor/Misinformation

Rumor/misinformation affects the perception and attitude of people, especially as social media continues to dominate the ampli�cation of vaccine
misinformation, thereby affecting vaccination demand [31, 32, 42]. It makes the inclusion even more relevant. The variable assessed conspiracy belief such
as “Immunization causes infertility” (1 = strongly disagree to 5 = strongly agree).

Information sources and trust: Sources of vaccination information and participants’ levels of trust in each of these sources were measured. The sources
included antenatal sessions at the health facility; social media; family and friends; church or mosque; and doctor’s consultations. Trust in these sources of
information was assessed using a scale of 1 – 7: 1 = do not trust at all and 7 = I totally trust.

Vaccination Intention: The intention to vaccinate was measured by a single item: “How will you decide on your new baby’s �rst vaccination?” (1 = de�nitely
not vaccinate, 5 = de�nitely vaccinate).

Measures at T2

Vaccination behavior
Measurement instruments are the same as at T1, except that the main dependent variable was actual vaccination behavior that had taken place until at T2,
i.e., vaccines received by children within the period and corresponding to the routine immunization recommendation. Behavior was assessed as “Has your
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youngest child received the following recommended vaccines (BCG, Polio, Hepatitis B, Yellow Fever, and DTP3)?”. The vaccination cards of all included
participants were sighted for con�rmation.

Religion, Rumor/Misinformation and Masculinity
At T2, religion was measured as “Vaccinating my child goes along with my religious beliefs” (1 = strongly disagree to 5 = strongly agree). Based on feedback
from participants at T1, the religious belief question was rephrased into simple language at T2 for proper understanding. For rumor/misinformation, items
assessed included “Vaccination is a means to control population growth in Nigeria” “I doubt sincerity of the countries providing the vaccines” “Prayers are
an effective way to prevent measles” and “Children become sick because of spiritual attacks or witchcraft” (1 = strongly disagree to 5 = strongly agree).
While for masculinity, “My husband’s approval is important in order to vaccinate my child” (1 = strongly disagree to 5 = strongly agree).

Data analysis
The data were analyzed using R (version 3.6.3). To determine the reliability of the 5C subscales, Cronbach’s α was calculated. However, due to poor reliability,
backward elimination regression analysis using all items was used to identify determinants of pregnant women’s vaccination intention. Demographic
variables, all 5C+ items, belief in rumors and misinformation and trust in different information sources were considered as predictors. For vaccination
behavior (T2), the same analysis was performed. Vaccination behavior was calculated as the mean of BCG, Polio, Hepatitis B, Yellow Fever, and DTP3
vaccinations. Each participant received a score = 1 if some or all the recommended doses were administered and 0 if none of the doses was given. If no
information about some doses was provided, the vaccination was not considered in the mean calculation.

Results

Demographic Characteristics
At T1, n = 255 pregnant women participated in the study. Most respondents (63.9%) were between 25 and 34 years old, the youngest being 17 and the oldest
43 years old. More than two-thirds of participants (67.8%) had tertiary education, while, overall, 96.5% and 2.4% had formal and informal education,
respectively. 69.4% were in their third pregnancy trimester, 22.7% were in their second trimester, and none in �rst. The majority (95.7%) were married. The
religious a�liation of the participants showed that 74.5% were Christians and 24.5% were Muslims. 24.4% were from South-east, 12.4%—South-south, 16.5%
—South-west, 19.8%—North-central, 16.9%—North-east, and 9.9%—North-west. Occupational statuses of participants’ distribution are as follows: 24.3% were
public servants, 14.4%—employees of private entities, 36.2%—self-employed, 9.5%—unemployed, and 15.6%—housewives. 65.5% of the participants were
experienced mothers expecting their second or more child, and 32.2% were �rst-time mothers.

At T2, the n = 96 women included in the sample were 17–43 years old (with 64% between 24 and 34 years). 65.6% had tertiary education, and 70.1% were
Christian. In conclusion, participants’ dropout did not induce major demographic changes in the sample.

Information sources and trust
The most signi�cant vaccination information sources are during ante-natal care activities organized routinely at the hospitals by healthcare workers and
during a consultation with doctors at 50.4% and 28.6%, respectively. Also, healthcare workers conducting antenatal care activities and doctors were the two
most trusted sources for vaccination information by pregnant women at 87% and 82%, respectively.

5C antecedents of vaccination at T1
For all subscales of the 5C, reliability was low when compared to the original scale (see Appendix 1): Cronbach’s alpha was α = 0.41 for con�dence, α = 0.32
for complacency, α = 0.45 for constraints, α = 0.51 for calculation, and α = 0.26 for collective responsibility. These coe�cients were low compared to those
obtained in Western samples, which were 0.71 and higher [5]. An additional explorative factor analysis did not reveal an alternative factor structure.
Consequently, the 15 items of the 5C scale could not be aggregated. Instead, subsequent analyses were performed using the single items. Table 1 describes
the 5C, including the extensions rumor, religion, and masculinity.



Page 6/14

Table 1
Descriptive of 5C+ at T1 and T2

  T1 T2

M SD M SD

Con�dence        

Vaccines are safe 4.53 1.08 4.91 0.41

Vaccinations are effective 4.45 1.24 4.81 0.56

Public authorities decide in the best interest of the community 3.62 1.58 4.70 0.79

Complacency        

Vaccination-preventable diseases are not common anymore 1.58 1.22 1.35 1.08

The immune system protects against diseases 2.69 1.71 4.23 1.37

Vaccine-preventable diseases are not severe 1.50 1.19 1.23 0.62

Constraints        

Everyday stress prevents vaccination 1.63 1.15 1.43 1.06

Receiving vaccinations is inconvenient 1.99 1.55 1.50 1.18

Visiting the doctor’s makes me feel uncomfortable 1.29 0.90 1.16 0.51

Calculation        

Weighing bene�ts and risks 3.63 1.67 3.32 1.82

Considering usefulness of vaccination 4.01 1.54 3.39 1.80

Vaccination topic must be fully understood 3.51 1.67 4.48 1.18

Collective Responsibility        

No need for vaccination when everyone is vaccinated 1.37 1.03 1.13 0.39

Vaccination to protect people with a weaker immune system 3.71 1.63 3.57 1.75

Vaccination as collective action to prevent the diseases’ spread 4.47 1.25 4.91 0.39

Religion        

Religion does not support vaccination 1.26 0.89 3.89 1.69

Masculinity        

Husband’s approval important for vaccination 1.26 0.79 3.14 1.74

Rumor 1.94 1.53 2.33 0.97

Note: The rumor for T2 is average score.

Determinants of the intention to vaccinate child at T1
A backward elimination regression analysis was performed to determine the demographic and psychological variables related to routine vaccination
intention at T1. Age, religion, education, employment, the 5C, masculinity (father’s attitude), believing in rumors/misinformation (i.e., that vaccination can
cause infertility) and thinking that one’s religion is incompatible with religious beliefs were considered predictors of the intention to vaccinate. Table 2 shows
the regression results. Only four signi�cant predictors were found. Muslims indicated lower vaccination intentions compared to Christian participants.
Vaccination intentions increased with con�dence in the public authorities/health system but decreased if participants indicated that their husband’s
approval was important for vaccination and if they believed in the rumor that vaccination causes infertility.
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Table 2
Regression results (T1)

Predictor β b CI- CI+

(Constant)   6.72 6.22 7.23

Being Muslim (vs. being Christian) −0.16 −0.29 −0.58 −0.01

Public authorities decide in the best interest of the community 0.24 0.12 0.04 0.21

Everyday stress prevents vaccination 0.12 0.10 -0.03 0.23

Receiving vaccinations is inconvenient 0.15 0.08 -0.02 0.19

Visiting the doctor’s makes me feel uncomfortable 0.14 0.17 -0.03 0.36

Husband’s approval important for vaccination −0.21 −0.20 −0.38 −0.02

Thinking that religious in�uence is a signi�cant determinant of vaccine refusal −0.17 −0.09 −0.17 0.00

Believing that vaccination causes infertility −0.26 −0.21 −0.33 −0.08

Note. Results from backward elimination regression (predictors: age, religion, education, employment, the 5C+, husbands’ approval, believing in
rumors/misinformation [i.e., that vaccination can cause infertility], and thinking that religious in�uence is a signi�cant determinant of vaccine refusal).
R2 = .219, adjusted R2 = .171. Bold values are signi�cant with p < .05. CI- and CI+ are the lower and upper bounds of the 95% con�dence interval.

Determinants of actual vaccination behavior (T2)
At T2, the analysis controlled for prenatal (T1) vaccination intention. The backward elimination regression analysis used postnatal 5C, masculinity,
compatibility of religion, and belief in vaccination being used for population control (rumor) to predict the vaccination behavior (Table 3). The results
revealed that vaccination was more likely when it followed mothers’ religious beliefs, when con�dence in vaccine effectiveness was high, and when mothers
felt responsible for the collective (collective responsibility). Conversely, a higher level of everyday stress (constraint) was related to less vaccination behavior.
Interestingly, prenatal vaccination intentions (T1) did not play a role in actual vaccination behavior (T2).

Table 3
Regression results (T2)

Predictor (as measured at T1) β b CI- CI+

(Constant)   0.49 0.07 0.92

Vaccinating my child goes along with my religious belief 0.39 0.05 0.03 0.07

Vaccination is an effective way to prevent disease 0.21 0.08 0.02 0.15

Stress prevents me from child vaccination −0.28 −0.07 −0.11 −0.03

When everyone is vaccinated, I do not have to vaccinate my child −0.31 −0.18 −0.27 −0.08

For each and every vaccination I consider if it is useful 0.13 0.02 0.00 0.04

Note. Results from backward elimination regression (predictors: 5C, husbands’ approval, compatibility of religion, and belief in vaccination being used
for population control). R2 = .58, adjusted R2 = .56. Bold values are signi�cant with p < .05. CI- and CI+ are the lower and upper bonds of the 95%
con�dence interval.

More backward elimination regression analyses were conducted to explore the correlates of the four signi�cant behavioral predictors identi�ed above.
Demographic variables (age and education) and belief in various conspiracy theories were entered as predictors (Table 4). Age was unrelated to any of the
variables. Higher education strengthened the belief in vaccination effectiveness and collective responsibility. The belief in rumors and misinformation was
related to all variables.
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Table 4
Regression results

  Vaccinating my child goes along
with my religious belief

Vaccination is an effective way
to prevent disease

Stress prevents me from
child vaccination

When everyone is vaccinated, I
do not have to vaccinate my
child

Predictor β B CI- CI+   b CI- CI+   b CI- CI+ β b CI- CI+

(Constant)   3.03 2.20 3.87   4.51 3.86 5.16   0.91 0.55 1.28   2.13 1.73 2.53

Education:
primary

(Baseline:
no
education)

        0.25 0.63 −0.13 1.39         −0.63 −1.06 −1.53 −0.60

Education:
secondary

(Baseline:
no
education)

        0.33 0.48 −0.18 1.13         −1.15 −1.11 −1.50 −0.71

Education:
tertiary

(Baseline:
no
education)

        0.56 0.71 0.09 1.33         −1.40 −1.20 −1.58 −0.82

Vaccination
is a means
of

population
control

−0.25 −0.30 −0.53 −0.07         0.38 0.32 0.15 0.49        

Children get
sick of

spiritual
attacks

0.23 0.25 0.03 0.46                        

Prayers are
an effective

way to
prevent
diseases

0.31 0.30 0.10 0.50                        

I doubt the
sincerity of

countries
providing

vaccines

        −0.39 −0.17 −0.25 −0.08         0.22 0.07 0.02 0.12

R2/adjusted
R2

  0.30/0.27 0.24/0.21 0.15/0.14 0.40/0.37

Note. Results from backward elimination regressions (predictors: age, education, conspiracy theories, and rumors from the table). Bold values are
signi�cant with p < .05. CI- and CI+ are the lower and upper bonds of the 95% con�dence interval.

Discussion
Assessment of the 5C model for predicting prenatal intention and postnatal vaccination behavior is a novel contribution to the body of knowledge for
addressing vaccination demand in Nigeria. The primary goal was adapting and validating the 5C scale using two independent measurement points from the
same subjects (pre-post), where T1 assessed the vaccination intention of pregnant women (prenatal), and T2 considered actual behavior and decision
months after childbirth (postnatal). Adapting the scale to predict vaccination intention and behavior in Nigeria was novel and revealing.

Reliability analyses for the 5C based on the original model and sequel upon examination were incompatible in the Nigerian setting. The internal consistency
indicators were too low for all �ve indicators as compared to reliability indicators obtained in Western samples. This shows that the items did not �t well
with their intended constructs in Nigeria as compared to the Western samples. Therefore, the assumption that the 5C scale or factors that predict vaccine
hesitancy was wholly adaptable and valid in Nigeria was undetermined by this study. Nevertheless, items from the scale predicted behavior (more than
intention) and additions to the scale proved useful in the Nigerian context.

Higher con�dence as assessed after birth was related to better vaccine uptake. The measurement of the psychological antecedent of con�dence seems to
be the strongest predictor of the 5C scale, especially the item that measures con�dence in the public authority/health system. The study shows that
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participants’ con�dence in the country’s healthcare system is related with a more positive intention to vaccinate their child in the future. It may be assumed
that the less mothers interact with and are exposed to vaccination knowledge from healthcare providers, healthcare workers, or public institutions managing
vaccination, the lower their intention to vaccinate children, and vice versa. Con�dence among mothers correlates with the assurance that vaccinating their
unborn children would be very low in situations of a lack of trust in the healthcare workers and systems managing vaccination decisions in the country. This
evidence could explain the slow, stagnant and/or declining childhood vaccination rates, which peaked at 31% in 2018 against the 90% target and the
continued high rate of neonatal, under-�ve and infant mortality in Nigeria [11, 13]. Generally, there is declining con�dence in Nigeria’s public authority/health
system, especially for immunization, family planning, antenatal care, etc. [11, 13, 14]. This lays credence to why Nigeria remains the country with both the
highest under- and unvaccinated children in the world in 2018 [43–46].

The con�dence-eroding factor in the public authority or health system here could also be linked to misconceptions about the preventive role of immunization
in Nigeria, especially where uptake rates are very low. The study found that some healthcare workers and health system managers exaggerate about
immunization to motivate uptake, thereby giving caregivers the false impression that immunization prevents all childhood diseases [47.48]. Hence, the
inability or failure of immunization to prevent all diseases erodes trust and con�dence in the public institutions managing immunization and eventually the
loss of faith in immunization as an intervention to give protection [47].

Also, the source of information and communication is critical to the perception developed by people toward vaccination. Based on this study, mothers who
received their vaccination information through the antenatal care services/healthcare workers and doctors are con�dent about vaccine e�cacy, are more
likely to have a positive attitude toward vaccination and have a higher intention to vaccinate their children. Therefore, more should be done to link antenatal
care services to all primary healthcare facilities in communities to enhance the knowledge required for healthy and safe childbirth, thereby increasing
vaccination demand.

Another important �nding was the role of religion. Religion signi�cantly in�uences decision-making in many parts of SSA. Studies including the Pew survey
found religion to be central to discourse about behavior and decision-making in SSA [49–52]. The con�rmation of religion as a determinant of childhood
vaccination intention among mothers was therefore not surprising. The variation among religious groups is even more a�rmative, where Muslim mothers
have a lower motivation toward vaccination than Christians. This behavior paralleled other studies that have examined the back-end impacts of religion or
religious belief on vaccine uptake, either in SSA or Nigeria [53]. It permeates individual, group and national decision-making, and the immunization system is
no exception. Several decisions are �ltered or measured from the lenses and understanding of religious standpoints.

Regions with strong Islamic in�uence have lower immunization coverage and high vaccine hesitancy, adding to other variables such as low literacy levels
[54–56]. The Muslim-dominated northern region, for example, has the highest vaccine hesitancy level, demonstrated by being the region with lowest
immunization coverage: the least being North-West at 8% and the highest being North-Central at 26% [13, 47]. Hence, a religiously biased targeted
intervention approach is required. Since trust in vaccination information from antenatal care was highest, Nigeria’s immunization stakeholders should
integrate “religious talk on vaccine acceptance” into their activities. Also, enlisting the support of in�uential Muslim women organizations such as the
Federation of Muslim Women Association of Nigeria (FOMWAN) could be strategic.

The in�uence of masculinity on vaccination intention and behavior is striking. Several communities in the SSA are still situated intrinsically in the
conservative low-income countries, where a strong patriarchal culture subsists [57]. Therefore, the child’s father or husband’s opinion is crucial in overall
household decision-making. In this study, the husband’s or father’s knowledge and attitude and/or belief shaped the household’s decision to vaccinate a
child or not. The study shows that, when a husband’s or child’s father encourages or approves immunization for the child, a positive relationship to
vaccination intention and behavior was observed. That is, children who are likely to complete full childhood immunization are those whose fathers possess
a good vaccination disposition. Similarly, a child is less likely to begin or complete a full dosage of routine childhood immunization if the father’s attitude
toward immunization is low. Another dimension for interpreting the study �ndings is that children of women who lack decision-making autonomy are less
likely to complete childhood immunization [58, 59].

The data collection at T2 was critical to understand what predicts actual vaccination behavior (vaccination decision 12 months after childbirth). As
observed in the analyses, vaccination intention was not meaningfully related actual behavior. However, vaccination was related to three of the 5C: when
con�dence in the vaccine effectiveness was high (Con�dence), when mothers felt responsible for collective well-being (Collective responsibility), and when
mothers indicated lower levels of everyday stress (Constraint). Likewise, additional variables (5C+) played an additional role in vaccination behavior.
Mothers of infants were more likely to vaccinate their children when vaccination was supported by the mothers’ religious beliefs (Religion). Rumor and/or
misinformation was a very powerful in�uencing factor among all four predictors of vaccination behavior. That is, misinformation or rumor about
vaccination affect these four determinants and thus indirectly affect vaccination behavior. Rumor and/or misinformation about vaccination should
therefore be addressed with effective rebuttal strategies [60, 61].

Constraints such as stress arising from the mother’s competing priorities that displaces vaccination or contributed to miss appointments must be isolated
and addressed. Facilitating or incentivizing vaccination visits could be an option. Increasing the resources (human and logistics) for home visits will allay
the barriers that make vaccination very stressful for mothers.

Also, since the study revealed that mothers who possess higher education were related to stronger beliefs in vaccination effectiveness and collective
responsibility, mothers of infants with lower education should be a target group for vaccination literacy campaigns.

The study had some limitations that may or not have affected the outcomes. Based on observations during the �eldwork, the 5C scale did not produce the
desired effect for a few reasons. Its constructs and coinage of the items are a bit too broad for the Nigerian cultural setting. Also, participants with low
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literacy (i.e., mothers with no or little education) struggled to fully understand the English grammar of some of the 5C items. Therefore, the 5C scale in the
future needs to be rewritten in simpler and loose English grammar. Also, assessing and including pregnant women in the study takes a lot of logistics,
despite targeting antenatal meetings.

Conclusion
The signi�cance of con�dence, constraints, collective responsibility, religion, rumors or misinformation and masculinity as drivers of vaccination demand
were a big step towards increasing the body of knowledge on vaccine hesitancy and its determinants, especially among vulnerable and understudied groups
such as pregnant women in Nigeria. Second, the unexpected �ndings that prenatal vaccination intentions do not predict actual vaccination behavior and
that con�dence was not a signi�cant predictor at T1 but at T2, might show that, during pregnancy, vaccination is not a priority or a relevant issue, rather the
decision about such an important undertaking is undecided at prenatal. I.e., the search for information or knowledge for vaccination decision-making takes
place later when the child is born.

Although, the 5C scale did not provide the outcome as was obtainable in the western setting, it was a good model for understanding how intention and
behavior interacts with vaccination decision-making. At best, it is a valuable tool for understanding vaccination demand. Also, fathers of children eligible for
vaccination and husbands are key target groups for national vaccination demand creation. Their vaccination decision-making authorities in households in
the study setting is very crucial. An evidence-based intervention similar to those currently being used for family planning and antenatal programs would be
good models.

Further studies are still necessary to align a suitable scale for measuring vaccine hesitancy in the SSA sub-region and Nigeria in particular. There is a need to
increase empirical studies that ventured into understanding behavioral insights surrounding vaccine hesitancy in SSA. Even more dire are studies that focus
speci�cally on pregnant women’s childhood vaccination decision-making process. Future studies might consider emergence of a new scale for measuring
vaccine hesitancy using items from con�dence, constraints, collective responsibility, religion, rumor, and masculinity.
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