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Abstract: Background: This study aimed to evaluate whether measles vaccine uptake can be pre-
dicted directly or indirectly by parental perceptions about the availability of measles vaccine ser-
vices with parental hesitancy towards the measles vaccine as a potential mediator. Methods: This 
was a community-based cross-sectional study conducted at Omdurman locality in Khartoum state, 
Sudan in February 2019. The study population included parents/ guardians having at least one child 
aged 2 -3 years old. Mediation analysis was conducted using two models, the ordinary least squares 
path analysis and multiple logistic regression. Results: a total of 495 responded and the mean age of 
the mothers who participated in the study was 31.1 (SD=5.73). A half of the respondents (50.1%) 
completed university education and nearly three-quarters of the respondents (74.7%) were house-
wives. After controlling for the other factors, including the mother’s age and the number of children, 
parental perception about the accessibility and availability of the measles vaccine influences the 
uptake of the measles vaccine indirectly through the mediation effect of measles vaccine hesitancy. 
Conclusions: We suggest that intervening in measles vaccine hesitancy in addition to measles vac-
cination access issues will have positive impact on the uptake and coverage of the measles vaccine 
in Sudan. 

Keywords: Vaccine access issues; vaccine uptake; vaccine hesitancy; vaccination hesitancy; measles; 
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1. Introduction 
Globally, it is estimated that measles vaccination has averted about 23.2 million 

deaths between 2000 and 2018 [1]. Vaccine uptake is one of the indicators that is used to 
inform and guide the immunization program worldwide [1-3]. Studies from low- and 
middle-income country (LMICs) settings have highlighted the role of vaccine access issues 
(perceived or real) in vaccine acceptance and demand [4]. However, studies have not con-
sistently identified the direct or indirect impacts of these access issues on the uptake of 
the vaccine [5,6].  

Findings from studies conducted in African countries including Sudan have shown 
that factors related to facility-level and service providers (real or perceived), such as the 
reluctance of healthcare providers to open a 10-dose unpreserved vial in situations if im-
munization sessions have less than 6-8 infants in the clinic in order to comply with the 
multidose vial policy which recommends discarding the ten-dose vial after six hours from 
opening the vial, have an impact on vaccination coverage. This is attributed to fear of a 
high wastage rate, which is used as an indicator to measure job performance, as well as 
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fear of stock out for future sessions. [7-12]. Although this practice can reduce vaccine wast-
age, it is associated with missed opportunities for vaccination and vaccine hesitancy, as 
many parents are actively trying to get their children vaccinated against measles but are 
turned away when the vaccinators refuse to open the measles vaccine vial  [7,13]. Addi-
tionally, this practice contradicts the World Health Organization (WHO) policy, which 
states that a vaccine vial should be opened anytime, even if only one eligible child presents 
for vaccinations, irrespective of the number of doses in the vaccine vial [14].  

Vaccine hesitancy is considered one of the most important predictors of vaccine up-
take. It has been listed by the WHO among the top ten threats to global health [15]. The 
impacts of vaccine hesitancy on vaccine uptake and demand are poorly understood in 
LMICs, suggesting a more complex relationship between supply-side and demand-side 
factors than in high-income countries. [6,12,16] 

The WHO Strategic Advisory Group Experts on immunization SAGE) described vac-
cine hesitancy as a delay in acceptance or refusal of vaccination, despite the existence of 
vaccination services. This behavior is influenced by some factors such as complacency 
(perceived risks of vaccine-preventable diseases are low and no vaccines are needed), con-
venience (access issues and constraints), and confidence [17]. 

Measles is considered the third leading cause of mortality among children under five 
and the first among vaccine-preventable diseases in Sudan [18,19]. The national measles 
vaccination coverage is the lowest among all child vaccinations (i.e., the first and the sec-
ond dose of measles-containing vaccine, 88%, and 72%, respectively). [20]  Previous stud-
ies in Sudan showed the existence of measles vaccine hesitancy is attributed to different 
drivers including vaccination access-related issues such as the parental perception that 
measles vaccination services are unavailable and inaccessible [7, 21]. Additionally, a study 
found that the uptake of the measles vaccine among children is predicted by their parental 
hesitancy toward the measles vaccine [22].  

We assume in this study that perceived access issues may play an important role in 
predicting uptake of measles vaccine either directly or through measles vaccination hesi-
tancy. The accessibility and availability of the measles vaccine (perceived or real) were 
widely debated as an access issue (barrier) rather than psychological status [4]. To our 
knowledge, there is limited data in Sudan about the predictors of measles vaccine uptake. 
Therefore, in this study, we aimed to evaluate whether measles vaccine uptake can be 
predicted directly or indirectly by parental perceptions about the availability of measles 
vaccine services with parental hesitancy towards the measles vaccine as a potential medi-
ator. 

 
Figure 1. Mediation with the path of Measles Vaccine Hesitancy (Parent Attitudes about Childhood 
Vaccines PACV) as the mediator in the relationship between parental perception about measles vac-
cine accessibility and measles vaccine uptake. 

2. Materials and Methods 
2.1. Study design  

The research design was a community-based cross-sectional study and was con-
ducted in two urban districts in Omdurman locality in Khartoum state in February 2019.  
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These two districts were selected for the study because they reflect the typical sociodem-
ographic and socio-cultural situation in Sudan. As the two are in an urban setting, this 
may ensure exposure to vaccination communication campaigns as well as the availability 
of  vaccination services. The latter is a prerequisite for the assessment of vaccine hesi-
tancy.  

2.2. Population and sampling 
2.2.1. Population 

The study population included parents/ guardians having at least one child aged 2 -
3 years old. Either mothers or fathers were eligible for participation. If there was more 
than one child in the same age range in the family, the parents/ guardians were asked to 
answer about only the youngest one to avoid recall bias. If both mother and father were 
available, they were asked to nominate one of themselves to complete the questionnaire. 

2.2.2. Sampling 
This study is part of a large research project about measles vaccine hesitancy in Sudan 

[10, 30]. The sample size was calculated for the whole research using a power analysis for 
the association between measles vaccine hesitancy and the measles vaccination status 
(outcome), which showed that at least 386 participants were needed to yield an 80% power 
to detect an odds ratio of 1.7 at alpha level (5%). We assumed the prevalence of the out-
come, the measles vaccination status among the exposed group (hesitant parents), was 
50% [23]. To cover for possible drop-out due to missing information on the important 
questions during the survey, we recruited more participants to complete a total of 500 
participants (parents/caregivers) in the study.  

To ensure that people from various socio-cultural and socioeconomic backgrounds 
(i.e., education and wealth level) were included in this study as well as ensuring the rela-
tive availability of vaccination services as a prerequisite for assessment of vaccine hesi-
tancy, we collected data from parents/caregivers in two different urban districts in Om-
durman, Alsharafia (Wad Nubawi's administrative unit) and Abo Saeed (Abo Saaeed's 
administrative unit).  

Parents/ caregivers were selected in each district using consecutive sampling (con-
venience sample), as every parent/caregiver meeting the criteria of inclusion (had a child 
in the age range) was included in the study until the required sample size was achieved 
from each district. 

2.3. Data Collection 
Data were collected using a pre-tested, structured questionnaire with close-ended 

questions. Data were collected by eight well-trained graduate female students from Ahfad 
University for Women.  

2.3.1. Measurements 

2.3.2. Dependent Variable 
The dependent variable in this study was the measles vaccine uptake by the youngest 

child in the age range of 2-3 years (i.e., the measles vaccination status) which was meas-
ured as either fully vaccinated (i.e., two doses; the first one is scheduled at 9 months from 
birth and the second between 18-24 months) or partially (i.e., single or no dose). First, we 
asked the parents/ guardians to show the vaccination card of their youngest child (2-3 
years). If there was no card, then we asked them to report their child’s measles vaccination 
status.  

2.3.3. Independent Variables 
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In this study, parental perception about accessibility and availability of measles vac-
cination services was the main independent variable and was measured using five points 
Likert scale ranging from strongly agree to strongly disagree.  

We hypothesized that measles vaccine uptake can be predicted directly or indirectly 
by parental perceptions about accessibility and availability of measles vaccination services 
with parental hesitancy towards the measles vaccine as a potential mediator. We used the 
Parents Attitude about Childhood Vaccination (PACV ) to measure measles vaccine hesi-
tancy. The PACV is a validated questionnaire used to predict and identify vaccine-hesi-
tant parents and accordingly provide means of interventions. It includes 15 items catego-
rized into three domains: immunization behavior (items 1 and 2), perceived safety and 
efficacy (items 7–10), and general attitudes and trust (items 3–6 and 11–15). Items in this 
scale were scored using a five-point Likert scale ranging from strongly agree to strongly 
disagree. For measuring vaccine hesitancy, we combined the items for perceived safety 
and efficacy and the general attitude and trust items. These items were summed to a total 
score ranging from 0 to 30. Parents with children who answered ''don't know" in the be-
havior items of the scale (items 1 and 2) were considered missing data because this re-
sponse likely reflected poor vaccination recall rather than immunization hesitancy, as sug-
gested by other studies. The total raw hesitancy score was converted to a 0–100 scale. 
[24,25]. The Cronbach's alpha was computed for this scale (Q3-Q15) which is 0.62 [26]. 
(Appendix A). 

Other independent variables, which were considered as potential confounders, in-
clude sociodemographic characteristics of the family including the family’s income level 
(self-ranking), mother’s age, mother’s education and employment, and the total number 
of children in the family. 

2.4. Statistical Analysis 
Data analysis was performed using Statistical Package for social sciences (SPSS) (V 

24). Frequencies were generated for the sociodemographic characteristics of the family 
and parents’ perception of measles vaccination. Frequencies of the PACV items were cal-
culated. Chi-square test and Fisher’s exact test (when the count in the cells is less than 5) 
were ran to identify factors univariate associated with the dependent variable (i.e., mea-
sles vaccination status). A p-value of less than 0.05 was considered statistically significant.  

2.4.1 The mediation analysis  
The mediation analysis was performed using the PROCESS macro (v.3.5.3) for SPSS 

(V. 24) model 3 (i.e., Simple Mediation) that is proposed by Hayes [27]. The regression 
model [28] was tested to investigate whether the association between the parental percep-
tions about accessibility to measles vaccination services and uptake of measles vaccine 
among children is mediated by measles vaccine hesitancy (i.e., PACV scores). The ordi-
nary least squares regression model (i.e., the first model) was used to test whether the 
proposed mediator is predicted by parental perception about accessibility to measles vac-
cination services.  In the second model, multiple logistic regression was used to identify 
the predictors of measles vaccination.  

The significance of the indirect effects was analyzed using bootstrapping, with 10,000 
samples and 95% confidence intervals (CIs). The mediating effects were deemed statisti-
cally significant if zero was not included in the 95% CI. The statistical significance was set 
at p<0.05. 

2.4.2 Ethical Consideration 
The study was approved by the Ahfad University for Women's Review Board (IRB) 

and the National Health Research Ethics Committee at the Federal Ministry of Health in 
Sudan. Written informed consent was obtained from each of the participants.  
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3. Results 
3.1. Descriptive statistics and associations between the sociodemographic and parental 
perceptions about measles vaccine with the uptake of measles vaccine  

As shown in Table 1, of the 495 respondents, 69.3% were from Abo Saeed. The mean 
age of the mothers who participated in the study was 31.1 (SD=5.73). About half of the 
respondents (50.1%) completed university followed by those who attended secondary 
schools (34.3%). Nearly, three-quarters of the respondents (74.7%) were housewives. 
About 79.0% of the respondents self-ranked their income level as a medium. The majority 
of the respondents mentioned that they either have one or two children (44% and 45.9%, 
respectively).  

Moreover, we found that measles vaccine uptake was highly associated with the 
mother’s employment, as self-employed mothers were more likely to only partially or not 
vaccinate their children followed by mothers who were workers and housewives (p-value 
<0.017). The number of children was associated with measles vaccine uptake, as families 
with three and more children were more likely to only partially or not vaccinate their 
children with measles vaccine compared to mothers with one child (p-value=0.041), see 
(Table 1). As well, the study found that perceiving accessibility and availability of measles 
vaccine was associated with measles vaccine uptake, as those who either strongly disa-
gree, disagree, or are not sure about that, were more likely to partially or not to vaccinate 
their children (p-value=0.045), see (Table 1). 
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Table 1. Association of the social and behavioural characteristics of the surveyed parents/guardians 
with measles vaccination status. N=495. 

Variables 
Measles vaccination uptake/status 

Total 
N=495 (%) 

Fully vaccinated Partially/ Unvaccinated 
p-value 

N=436 % N=59 % 

Area of the study 
Alsharafia 152 (30.7) 128 84.2% 24 15.8% 

0.077 
Abo Saeed 343 (69.3) 308 89.8% 35 10.2% 

Mother’s Education 

Illiterate 14 (2.8) 11 78.6% 3 21.4% 

0.162 
Primary completed 63 (12.7) 51 81.0% 12 19.0% 

Secondary completed 170 (34.3) 151 88.8% 19 11.2% 
University 248 (50.1) 223 89.9% 25 10.1% 

Mother's Employment 

Housewife 370 (74.7) 323 87.3% 47 12.7% 

0.017* b 

Student 11 (2.2) 10 90.9% 1 9.1% 
Domestic worker 14 (2.8) 12 85.7% 2 14.3% 

Officer 50 (10.1) 48 96.0% 2 4.0% 
Professional (e.g. 
Engineer, Doctor) 

33 (6.7) 32 97.0% 1 3.0% 

Self-employed 16 (3.2) 10 62.5% 6 37.5% 
Others 1 (0.2) 1 100.0% 0 0.0% 

Income Level 
(Self-Ranking) 

High 70 (14.1) 65 92.9% 5 7.1% 
0.268 Medium 391 (79.0) 343 87.7% 48 12.3% 

Low 34 (6.9) 28 82.4% 6 17.6% 

Number of Children 
1 218 (44.0) 185 84.9% 33 15.1% 

0.041* 2 227 (45.9) 209 92.1% 18 7.9% 
3 and more 50 (10.1) 42 84.0% 8 16.0% 

Perceived accessibility and 
availability of measles 
vaccine when my child 

needs it. 

Strongly agree 247 (49.9) 217 87.9% 30 12.1% 

 
.045* b 

Agree 201 (40.6) 183 91.0% 18 9.0% 
Not sure 10 (2.0) 8 80.0% 2 20.0% 
Disagree 35 (7.1) 27 77.1% 8 22.9% 

Strongly disagree 2 (0.4) 1 50.0% 1 50.0% 
* Statistically significant   
b Fisher’s exact test 

3.2. Mediation analysis  
Mediation analysis was conducted using two models, the ordinary least squares path 

analysis and multiple logistic regression. It shows that the parental perception about the 
accessibility to the measles vaccine influences the uptake of the measles vaccine indirectly 
through the mediation effect of measles vaccine hesitancy.  As shown in Figure 2 and 
Table 2, after controlling for the other factors, including the mother’s age and a number of 
children, parents who perceive the measles vaccine as difficult to access would be more 
likely to be hesitant towards measles vaccine (a =2.7756, p<0.0001).  

Although there was no association between the parental perception about accessibil-
ity to the measles vaccine and uptake of measles vaccine (c=0.1236, p=0.4328), hesitancy 
toward measles vaccine was found as a predictor of measles vaccine uptake (b = -0.0530 
(p <0.0001). The bootstrap confidence intervals for the mediating effects of measles vaccine 
hesitancy on measles vaccine uptake based on 10,000 bootstrap samples was not include 
Zero. The mediating effects through vaccine hesitancy were (Boot 95% CI= 0.0703, 0.2478).  

Table 2. Regression coefficients, standard errors, and model summary information for the parental 
perception about measles vaccine accessibility using the mediation model depicted in Figure 2. 
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 M (Vaccine hesitancy) Y (Measles vaccine Uptake)** 
Antecedent Coeff. SE P Coeff. SE P 

X(Perceived vaccine 
accessibility) 

a,  2.7756 0.5411 <0.0001* c, 0.1236 0.1576 0.4328 

M  - - - b, 0.0530 0.0124 <0.0001* 
Cov1(Mothers’ age) 0.0822 0.0802 0.306 0.0432 0.0246 0.0787 
Cov2(N. of children) 1.9258 0.6511 0.003* -0.2697 0.2040 0.1862 

Constant -.9268 2.9151 0.751 -3.7734 0.9146 <0.0001* 
Model Summary R-sq=0.0718, F=12.551 , p<0.0001*  

*Statistically significant 

**Multiple Logistic Regression Model 

 

Figure 2. Mediation with path (β) coefficients and (p-value) of Measles Vaccine Hesitancy (PACV) 
as the mediator in the relationship between parental perception about measles vaccine availability 
and measles vaccine uptake. *Statistically significant  

4. Discussion 
Parental hesitancy toward the measles vaccine is rapidly increasing across different 

populations in LMICs, potentially reversing decades of progress toward measles elimina-
tion in many countries. Understanding parental attitudes toward the measles vaccine and 
perceived access barriers to vaccinating their children could help the Federal Ministry of 
Health and other relevant institutions address these issues ahead of time and boost mea-
sles vaccine uptake in Sudan. The present study aimed to evaluate whether the measles 
vaccine uptake can be predicted directly or indirectly by parental perceptions about ac-
cessibility to measles vaccination services with potential mediation of measles vaccine 
hesitancy (PACV scores).  

4.1. Perceived availability of measles vaccine → Measles vaccine hesitancy (PACV) 
Our study showed that parents who perceive that the measles vaccine is not accessi-

ble would be more likely to be hesitant towards measles vaccination (p<0.0001). This find-
ing is supported by many studies in Africa as measles vaccination sessions in many coun-
tries are conducted as one or two sessions per week or month to comply with the recom-
mendation of discarding the ten-dose vial after six hours from opening the vial as well as 
reducing the loss of unused doses (i.e., due to the multi-dose vial policy). This may cause 
vaccine hesitancy as parents are actively trying to get their child vaccinated with the vac-
cine, but are turned away when the provider refuses to open the measles vaccine vial. 
[7,8,12]. Analysis for immunization policy as well as cost-effective analysis is much 
needed to anticipate what will happen if the ten-dose vial of measles vaccine is shifted to 
a five-dose vial in Sudan. Additionally, developing a parental reminding system may pos-
itively impact the timely uptake of the measles vaccine [7, 29]. 
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4.2. PACV → Uptake of measles vaccine 
Our study underscored that parental hesitancy toward the measles vaccine influ-

ences the uptake of the measles vaccine among children (p<0.0001). As the present study 
was conducted in a low-income context, it supports the predictive validity of the PACV 
survey in determining the vaccination status of children as shown in previous studies in 
high- and middle-income countries [25, 30-33]. This result highlights the urgent need for 
developing context-appropriate strategies to mitigate hesitancy towards measles vaccina-
tion and improve vaccine uptake in Sudan. To inform decisions and improve vaccination 
uptake, a variety of strategies could be used to communicate with parents, caregivers, and 
communities about child vaccination. These strategies include interventions in which in-
formation is aimed at larger groups of people in the community, such as at public meet-
ings, radio, or leaflets. We recommend these communication strategies be enhanced to 
address the causes of hesitancy towards measles and other vaccines in Sudan. 

4.3. Perceived accessibility to measles vaccine → Uptake of measles vaccine 
Contrary to the findings from different African countries [8,11,12], perceiving mea-

sles vaccine accessibility was not associated with measles vaccine uptake after controlling 
other potential social confounders such as the mother’s age and the number of children. 
Vaccine access is determined by a variety of economic and political factors, as well as the 
quality of healthcare systems and their ability to reach every corner of society. As a result, 
contextual and socio-cultural differences across countries are critical in explaining differ-
ent patterns of vaccination uptake. 

Limitation 
We acknowledge some limitations related to our study; therefore, the study’s find-

ings should be interpreted within the context of this study. These include unintentional 
selection bias due to the sampling technique (consecutive sampling) to recruit the partic-
ipants until the pre-determined sample size of the study is reached from both districts. 
Additionally, our study did not show differences in socio-demographic biodata such as 
the mother’s education and income level of the family with the uptake of the measles vac-
cine. This can be explained as there is too little variation in socioeconomic circumstances, 
so many are highly educated (little variation causes little association. From a gender per-
spective, we missed fathers' perceptions and perspectives in this study, though data were 
collected at a convenient time (i.e., from 10:00 am- 5:00 pm). This may be attributed to the 
nature of the study (i.e., Community-based), as the data was collected during the working 
hours of most fathers. Additionally, African mothers are mostly the ones that are the first 
persons responsible for the health and prevention of sickness of their children/family and 
should know the health situation best; therefore, some parents prefer her participation in 
the study to his participation. However, concerning the purpose of the current study, we 
think that these limitations didn’t have a substantial impact on the main study findings. 

5. Conclusions 
Our main findings underscored that parental perception about accessibility to mea-

sles vaccination services indirectly influences the uptake of measles vaccine through the 
mediating effects of measles vaccine hesitancy. If someone perceived that measles vac-
cination is not accessible, this will not influence his child’s uptake of the measles vaccine 
unless s/he is hesitant too towards the measles vaccine. 

In light of these findings, we suggest that intervening in measles vaccine hesitancy 
will have a direct impact on the uptake of the measles vaccine in Sudan. Hesitancy itself 
and its determinants should be addressed and intervened.  
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Appendix A. Frequency distribution of the 15 PACV items (N=500). 

No. PACV's items N (%) 

1 Have you ever delayed having your child get the measles vaccine 
for reasons other than illness or allergy? 

Yes 89 (17.8) 
No 406 (81.2) 

I don't know 5 (1.0) 

2 
Have you ever decided not to have your child get the measles 

vaccine for reasons other than illness or allergy? 

Yes 11 (2.2) 
No 485 (97.0) 

I don't know 4 (0.8) 

3 
How sure are you that following the recommended measles 

vaccine schedule is a good idea for your child? 

0-5 19 (3.8) 
6-7 42 (8.4) 

8-10 439 (87.8) 

4 
Children get more shots of the measles vaccine than are good for 

them. 

Strongly agree 16 (3.2) 
Agree 21 (4.2) 

Not sure 18 (3.6) 
Disagree 294 (58.8) 

Strongly disagree 150 (30.0) 
Missing 1 (0.2) 

5 I believe that measles that shots prevent is severe. 

Strongly agree 306 (61.2) 
Agree 174 (34.8) 

Not sure 6 (1.2) 
Disagree 14 (2.8) 

6 
It is better for my child to develop immunity by getting sick than 

to get a shot. 

Strongly agree 26 (5.2) 
Agree 12 (2.4) 

Not sure 2 (0.4) 
Disagree 225 (45.0) 

Strongly disagree 235 (47.0) 

7 It is better for children to get fewer vaccines at the same time. 

Strongly agree 56 (11.2) 
Agree 58 (11.6) 

Not sure 14 (2.8) 
Disagree 254 (50.8) 

Strongly disagree 118 (23.6) 

8 
How concerned are you that your child might have a serious side 

effect from a shot of the measles vaccine? 

Not at all concerned 208 (41.6) 
Not concerned 191 (38.2) 

Not sure 6 (1.2) 
Concerned 60 (12.0) 

Very concerned 35 (7.0) 
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9 
How concerned are you that any one of the measles vaccine shots 

might not be safe? 

Not at all concerned 253 (50.6) 
Not concerned 163 (32.6) 

Not sure 19 (3.8) 
Concerned 48 (9.6) 

Very concerned 17 (3.4) 

10 
How concerned are you that a shot of the measles vaccine might 

not prevent measles? 

Not at all concerned 211 (42.2) 
Not concerned 188 (37.6) 

Not sure 17 (3.4) 
Concerned 62 (12.4) 

Very concerned 21 (4.2) 
Missing 1 (0.2) 

11 
If you had another infant today, would you want him/her to get 

all the recommended (measles) shots? 

Yes 487 (97.4) 
No 9 (1.8) 

I don't know 4 (0.8) 

12 
Overall, how hesitant about measles vaccine shots would you 

consider yourself to be? 

Not at all hesitant 284 (56.8) 
Not hesitant 195 (39.0) 

Not sure 3 (0.6) 
Hesitant 12 (2.4) 

Very hesitant 6 (1.2) 

13 I trust the information I receive about measles vaccine shots. 

Strongly agree 242 (48.4) 
Agree 239 (47.8) 

Not sure 8 (1.6) 
Disagree 8 (1.6) 

Strongly disagree 2 (0.4) 
Missing 1 (0.2) 

14 
I am able to openly discuss my concerns about shots with my 

child's doctor. 

Strongly agree 272 (54.4) 
Agree 203 (40.6) 

Not sure 11 (2.2) 
Disagree 12 (2.4) 

Strongly disagree 2 (0.4) 

15 All things considered, how much do you trust your child’s doctor? 
0-5 25 (5.0) 
6-7 35 (7.0) 

8-10 440 (88.0) 
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