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Globally, vaccination is recognized as one of the most cost-effective public health 
measures [1]. One of its successful aspects is that a 60% reduction in measles mortality 
worldwide was attributed to vaccination since 1999. However, measles remains a leading 
cause of vaccine-preventable death in children aged less than 5 years in sub- Saharan 
Africa [2]. In 2019, the World Health Organization (WHO) has named vaccine hesitancy 
as one of the top ten global health threats, as it contributes to decreasing vaccination 
uptake in high-income countries as well as middle and low-income countries (LMICs) [3-
8]. Vaccine hesitancy has been defined by the WHO Strategic Advisory Group on Experts 
(SAGE) on Immunization as “Vaccine hesitancy refers to a delay in acceptance or refusal 
of vaccination despite the availability of vaccination services. Vaccine hesitancy is 
complex and context-specific, varying across time and place. It is influenced by factors, 
such as complacency, convenience, and confidence” [7].

The causes and impacts of vaccine hesitancy have been investigated thoroughly in 
many high-income countries. Limited data are available from low and middle-income 
countries (LMICs) [5, 7-11]. Few reports from low and middle-income countries (LMICs) 
shed light on the factors that affect immunization with more focus on access barriers 
than on the drivers of vaccine hesitancy [5, 11]. Additionally, the impacts of vaccine 
hesitancy on vaccine uptake and demand are poorly understood in these LMICs, 
suggesting a more complex relationship between supply-side and demand-side factors 
than in high-income countries [12].

Vaccine hesitancy as a concept, definition, and measurements
The concept and definition of “vaccine hesitancy” have been a matter of debate by 
many scholars, as well as an issue of contestation and disagreement among them [13-
17]. WHO/SAGE described it as a behavior (delay in acceptance or refusal of vaccination) 
despite the existence of vaccination services itself. This behavior is influenced by some 
factors which are known as the 3Cs model which includes complacency (perceived risks 
of vaccine-preventable diseases are low and no vaccines are needed), convenience 
(access issues and constraints), and confidence (the level of trust in a vaccine or provider) 
[7, 13]. Vaccine hesitant individuals are not a homogeneous group, as they have various 
kinds and levels of concern and doubts regarding vaccines. They may refuse or delay 
specific vaccines, or accept all vaccines but have some doubts and concerns about 
vaccination [9]. 
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WHO/SAGE mapped drivers/determinants of vaccine hesitancy in three main domains 
including contextual influences (e.g. sociocultural and historic influences), individual 
and group influences, and vaccine/vaccination specific issues such as scientific evidence 
regarding risk/benefits [9]. Mapping these determinants was an important step towards 
exploring the concept of vaccine hesitancy since it is a complex phenomenon and needs 
to be tackled from different perspectives, as much of the research tends to focus on one 
or only a few model elements rather than the entire scope.

Bedford and colleagues criticized the SAGE/WHO’s definition of vaccine hesitancy, 
as they considered ‘convenience’ as physical barriers to vaccine services rather than 
psychological status. They suggested distinguishing between the interventions to 
address vaccine hesitancy (as related to vaccine acceptance) and the solutions to 
access challenges [17]. This group of researchers suggested testing the 5A taxonomy 
for explaining vaccine uptake that identifies five categories labeled acceptance, access, 
affordability, awareness, and activation [16]. In line with this suggestion, Betsch et al. 
developed a scale based on this 5A taxonomy to assess psychological antecedents of 
vaccination rather than vaccine hesitancy which is called the 5C scale [17]. This scale 
was constructed to measure the 3Cs that were developed by the SAGE/WHO as well 
as another two “Cs” including calculation (engagement in extensive information 
searching), and aspects of collective responsibility (willingness to protect others). Some 
researchers argue that vaccine hesitancy is a decision-making process, which depends 
on people’s level of commitment to healthism/risk culture and their level of trust in the 
health system [15]. 

As these debates continued, a significant body of academic research has focused on the 
development of different metrics for measuring vaccine hesitancy [9, 16, 18-21]. 

Most of these measures were criticized as being developed within and for specific 
geographic populations with none developed in a low-income country and only one 
developed in a middle-income country [21]. Additionally, they were not comprehensive 
enough to address multiple dimensions of vaccine hesitancy. For instance, the Vaccine 
Confidence Index™ focuses on investigating the confidence component of the “3Cs” 
[20]. Furthermore, the Parental Attitude towards Childhood Vaccination (PACV) scale 
assesses three concepts (i.e. vaccination attitudes, beliefs about vaccine safety, and 
effectiveness and behavior), however, these three concepts were considered part of 
the confidence construct [9, 16]. Additionally, the scale of the PACV-15 item has been 
criticized for being quite lengthy which may increase the parental burden [9, 18, 23].
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Therefore, WHO/SAGE developed three tools based on its ‘3Cs’ model which includes 
confidence, convenience, and complacency [9]. WHO/SAGE recommended evaluating 
and researching these tools in different contexts to determine if they could be used as 
the basis for measuring vaccine hesitancy and be adapted to low and middle-income 
country settings [7, 9]. The Vaccine Hesitancy Scale (VHS), which is based on a Likert scale, 
is one of these tools. It has been well validated and evaluated in Canada, Guatemala, 
and the United Kingdom [22-24]. Findings from these three countries revealed that 
the VHS is a valid, reliable tool to measure vaccine hesitancy. However, these findings 
suggested that more adaptation and validation of VHS is needed in different contexts 
[24-26]. To our knowledge, none of the existing tools to measure vaccine hesitancy have 
been adapted and validated in Africa.

Measles and measles vaccination coverage in Sudan
In Sudan, the Expanded Program on Immunization (EPI) was launched in 1976. The 
EPI services are provided free of charge through the governmental and private sectors 
within the Primary Health Care centers [25, 26]. Communication strategies that address 
vaccine hesitancy were adopted in 2012 as a policy by the Federal Ministry of Health to 
enhance community demand for vaccines [25]. 

In Sudan, data show a lack of consistency between the measles vaccine coverage and 
the rate of measles infections in the last 12 years, which led to questioning the validity of 
reported data as well as suggesting the emergence of more measles vaccine hesitancy 
[27-29].

Official reports in Sudan indicate that measles is the third cause of death among children 
under five and the first among vaccine-preventable diseases [29, 30]. Sudan is one of 
the countries that has experienced measles outbreaks in the last two years. There were 
4,978 confirmed cases in 2018, an increase of 649% of the reported numbers of measles 
cases in 2017 [31]. Several risk factors are contributing to the measles burden in Sudan, 
including the political and economic instability, as they affect directly the nutritional 
status of the at-risk groups as well as the difficulty of vaccinating children in conflict 
areas in Darfur, South Kordofan, and the Blue Nile states [32].

The national vaccination coverage of the measles vaccine is suboptimal for the first and 
the second dose of the measles-containing vaccine (88% and 72%, respectively) [28]. 
This should have been comparable to the coverage of other vaccines provided at the 
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same health services facilities namely the pentavalent vaccine (DTP-HepB-Hib) and the 
Poliomyelitis vaccine (OPV) for which 95% of the children were vaccinated. Another 
indicator is to reduce the endemic incidence of measles to zero cases per 1 million of 
the population. However, in 2017, an unpublished report by WHO indicated that the 
incidence of measles was 14.2 per 1 million [28]. 

Little is known about the determinants of the measles vaccine hesitancy and its impact 
on the uptake of measles vaccination in Sudan. This research project is using a mixed 
methods approach to address research gaps in vaccines hesitancy generally and 
particularly measles vaccine hesitancy in Khartoum state in Sudan. 

The goal of The reSearch projecT 
We aimed to investigate the magnitude and determinants of measles vaccine hesitancy 
among parents and its influence on the uptake of the measles vaccine among children 
in Khartoum state, Sudan. The ultimate goal of this research project is to develop 
evidence-based interventions to increase the uptake of the measles vaccine in Sudan. 

Specific objectives 
1. To identify, measure and quantify parents/guardians who are hesitant towards 

measles vaccine in Sudan. We aimed to validate different tools to detect vaccine-
hesitant parents in Sudan (Chapter 3).

2. To investigate determinants of measles vaccine hesitancy among parents in 
Sudan (Chapter 2 and 4). 

3. To evaluate the influence of measles vaccine hesitancy on uptake of measles 
vaccine (Chapter 5).

4. To develop a web-based intervention (Tat3im initiative website) to increase 
vaccine uptake including measles vaccine in Sudan (Chapter 6). 

ouTline of The TheSiS
To investigate the determinants of measles vaccine hesitancy among parents in Sudan, 
chapter 2 explores the drivers and reasons behind measles vaccine hesitancy and low 
uptake of measles vaccine in Sudan from the perspectives of the Expanded Program on 
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Immunization (EPI) officers/experts and front-line vaccine providers who are based in 
Khartoum state. A qualitative study was conducted and data were collected using semi-
structured interviews. Data were analyzed using a framework that was developed by 
the WHO-SAGE Working Group called the “Determinants of Vaccine Hesitancy Matrix”. 

chapter 3 describes the assessment of the psychometric properties of the measles 
vaccine hesitancy scale (aMVHS) that we adapted from the scale developed by WHO/
SAGE by measuring its internal consistency (reliability), construct (convergent) validity, 
and criterion (concurrent) validity. The ultimate goal of this chapter was to find an 
appropriate tool to identify and quantify hesitant parents in Sudan.

chapter 4 characterizes social and behavioral factors as well as reasons behind measles 
vaccine hesitancy from the perspectives of Sudanese parents in Omdurman in Khartoum 
state. Using the Parents Attitude about Childhood Vaccination (PACV) scale this chapter 
identifies and quantifies hesitant parents towards the measles vaccine as well as 
characterizes determinants of measles vaccine hesitancy among Sudanese parents in 
Omdurman in Khartoum state. 

To evaluate the influence of measles vaccine hesitancy on uptake of the measles 
vaccine, we describe in chapter 5 whether uptake of the measles vaccine by children 
can be predicted by measles vaccine hesitancy among their parents.

chapter 6 describes the development of a web-based intervention (the Tat3im initiative 
website) to increase vaccine uptake including measles vaccine in Sudan. We describe 
the processes that we used to develop and improve this web-based intervention 
(Tat3im initiative website) including its specific content. These processes were informed 
by using and combining three sources: Garrett’s user experience framework as a basis 
for the development, Vaccine Safety Net’s criteria for good information practices, and 
previous relevant research that assessed the local context in Sudan.
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AbstrAct
background: Vaccine hesitancy is one of the contributors to low vaccination coverage 
in both developed and developing countries. Sudan is one of the countries that suffers 
from low measles vaccine coverage and from measles outbreaks. In order to facilitate 
the future development of interventions, this study aimed at exploring the opinions of 
Expanded Program on Immunization officers at ministries of health, WHO, UNICEF and 
vaccine care providers at Khartoum-based primary healthcare centers.

Methods: Qualitative data were collected using semi-structured interviews during the 
period January March 2018. Data (i.e. quotes) were matched to the categories and the 
sub-categories of a framework that was developed by the WHO-SAGE Working Group 
called “Determinants of Vaccine Hesitancy Matrix”.

Findings: The interviews were conducted with 14 participants. The majority of 
participants confirmed the existence of measles vaccine hesitancy in Khartoum 
state. They further identified various determinants that were grouped into three 
domains including contextual, groups and vaccination influences. The main contextual 
determinant as reported is the presence of people who can be qualified as “anti-
vaccination”. They mostly belong to particular religious and ethnic groups. Parents’ 
beliefs about prevention and treatment from measles are the main determinants of the 
group influences. Attitude of the vaccine providers, measles vaccine schedule and its 
mode of delivery were the main vaccine related determinants.

conclusion: Measles vaccine hesitancy in Sudan appears complex and highly specific 
to local circumstances. To better understand the magnitude and the context-specific 
causes of measles vaccine hesitancy and to develop adapted strategies to address them, 
there is clearly a further need to investigate measles vaccine hesitancy among parents.  
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IntroductIon
Globally, vaccination is recognized as one of the most cost-effective public health 
measures [1]. It is estimated that a 60% reduction in measles mortality occurred 
worldwide since 1999, however, measles still remains a leading cause of vaccine- 
preventable death in children aged less than 5 years in sub-Saharan Africa [2].

Over the past twenty years, concerns have been raised regarding the spurious link 
between the measles, mumps, rubella (MMR) vaccines and development of autism 
and autism spectrum disorders (ASD) [3]. Such concerns contributed to a decrease in 
vaccine uptake and an increase in the number of cases of many vaccine preventable 
diseases over the past several years in Europe and the USA [4-6].

Vaccine hesitancy is one of the contributors to a low vaccination coverage in both 
developed and developing countries [7]. As defined by the WHO Strategic Advisory 
Group on Experts (SAGE) on Immunization: “Vaccine hesitancy refers to a delay in 
acceptance or refusal of vaccination despite availability of vaccination services. Vaccine 
hesitancy is complex and context-specific, varying across time and place. It is influenced 
by factors, such as complacency, convenience, and confidence” [8]. Complacency exists 
where perceived risks of vaccine-preventable diseases are low; convenience relates to 
access issues such as the physical availability, ability to understand (language and health 
literacy), and vaccine confidence is defined as the level of trust in a vaccine or provider 
[6]. 

In Sudan, the Expanded Program on Immunization (EPI) was launched in 1976. The 
EPI services are provided free of charge through the Primary Health Care centers. 
Communication strategies that address vaccine hesitancy were adopted in 2012 as a 
policy by the federal ministry of health in order to enhance community demand for 
vaccines [9]. 

Sudan is still far from eliminating measles, as the measles vaccine coverage should be and 
sustained at 95% for the first (MCV1) and second (MCV2) doses of the vaccine, however, 
in 2017 the national coverage was 90% and 72% for MCV1 and MCV2 respectively [10]. 
Although all vaccines are provided at the same health services facilities, this should 
be compared with the coverage for the pentavalent vaccine (DTP-HepB-Hib) and the 
Poliomyelitis vaccine (OPV) for which 95% of the children are vaccinated. Another 
indicator is to reduce the endemic incidence of measles to zero cases per 1 million 
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of population. However, in 2017, an unpublished report from WHO indicated that the 
incidence of measles was 14.2 per 1 million.  

Little is known about the determinants of the low measles vaccine coverage in Sudan. 
This study is part of large research project using mixed methods to address research 
gaps in vaccines hesitancy generally and particularly measles vaccine hesitancy in 
Khartoum state in Sudan. The ultimate goal of this project is to inform future policies to 
increase the uptake of measles vaccine in Sudan.

For a further understanding of measles vaccine hesitancy in Sudan, the current study 
aims to explore the opinions of Expanded Program on Immunization (EPI) officers/
experts and front-line vaccine providers who are based in Khartoum state. 

Methods

study design
This study had a cross-sectional design and data were collected using semi-structured 
interviews during the period January – March 2018. The topic list for the interviews 
was developed and structured using the model framework ‘’Determinants of Vaccine 
Hesitancy Matrix’’ that was developed by the WHO-SAGE Working Group [11]. It 
distinguishes between three groups of determinants: contextual influences, such as 
religion and geographic barriers, individual and group influences, such as beliefs and 
attitudes about health and prevention, and vaccine or vaccination-specific influences, 
such as the mode of administration and the vaccination schedule. 

Groups and participants selection
Two groups were included for the individual interviews. Firstly, the Expanded Program 
on Immunization (EPI) officers/ experts at the federal ministry of health, Khartoum state 
ministry of health, WHO and UNICEF. The EPI officers/experts were selected for having 
at least ten years of experience in the field of immunization and having a leading role 
inside and/or outside Khartoum state regarding the immunization program. Secondly, 
front-line vaccine providers who are community health workers trained for providing 
vaccinations to the population at primary healthcare centers. The vaccine providers 
were selected purposively from areas with low measles vaccine coverage or areas that 
had previous measles outbreaks in rural and urban areas in Khartoum state. Taking into 
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consideration the administrative subdivision of Khartoum state into seven localities, the 
vaccine providers were selected from all localities, which have urban and rural areas, 
except for one locality with only an urban area. This diversity in the two groups enabled 
us to understand in-depth insight into the salience of measles vaccine hesitancy among 
Sudanese parents from the perspective of experts and providers.

Interview questions 
The interviews lasted approximately 30–40 minutes. Questions about the causes and 
determinants of vaccine hesitancy-measles vaccine hesitancy were explained to the 
participants. Both groups were asked questions about the existence and determinants 
of vaccine hesitancy in Khartoum state. Some questions were asked only to the group 
of EPI officers/experts, as these questions required long experience and expertise at 
the national and Khartoum state levels, such as their opinions about the definition of 
vaccine hesitancy and its impact on the overall measles vaccine coverage. 

study area
This study was conducted in Khartoum state, where vaccination services are 
comparatively easily available. This allows the study of hesitancy. According to the 
Multiple Indicators Cluster Survey (MICS) in 2014, the percentage of children who 
received their first dose of measles-containing vaccine (MCV1) in Khartoum state was 
89.7% and the second dose (MCV2) was 88.6%. However, the percentage of children who 
received full immunization (all vaccines) in Khartoum state was 74%. Khartoum state also 
inhabits a diversity of groups of people in terms of socio-cultural and socio-economic 
backgrounds and exposure to vaccination campaigns and materials. Khartoum state has 
an area of 22,122 km2 and an estimated population of approximately 7,152,102 (2008). 
Administratively, Khartoum State is divided into seven localities, namely, Khartoum, 
Jabel Awleya, Khartoum North and East Nile, Omdurman, Umbada and Karari. 

Data collection and analysis
The individual interviews with the participants from the two groups were conducted 
in the Arabic language. The data were recorded, transcribed, coded manually, and 
then analyzed according to the model framework of the WHO-SAGE of determinants 
of vaccine hesitancy by the principle investigator (MS); then another researcher (ED) 
reviewed the work. Hence, the data (i.e. quotes) were matched to the categories 
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and the sub-categories of the model framework. Afterwards, expressive quotes were 
selected from the transcription, translated into English, and presented in the text. The 
translation was checked by a senior researcher. 

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 (Proposal No. 1-1-2018). The informed consents were obtained verbally from 
the participants.

results
The interviews were completed with 14 participants, as saturation was reached after 13 
interviews. Five participants were EPI officers/experts and nine were front-line vaccine 
providers. The demographic and professional characteristics of the participants are 
summarized in Table 1.

Table 1: The demographic and professional characteristics of the participants

No. Participants Sex Age Experience (years) Qualification Profession and place of work

1 A M 47 16 - EPI officers/expert
2 B M - - - EPI officers/expert
3 C M 50 10 - EPI officers/expert
4 D F 42 15 - EPI officers/expert
5 E M - 15 - EPI officers/expert
6 Fp F 36 10 - VP, urban area
7 Gp M 58 21 Medium school VP, rural area
8 Hp F 45 20 Secondary school VP, urban area
9 Ip F 40 15 Secondary school VP, urban area
10 Jp F 49 21 Secondary school VP, rural area
11 Kp F 41 11 Secondary school VP, rural area
12 Lp F - - - VP, urban area
13 Mp F - - - VP, urban area
14 Np F 38 17 Secondary school VP, rural area

Three areas were addressed in the interviews: definition of vaccine hesitancy, 
determinants of vaccine hesitancy (contextual, groups and vaccine related determinants) 
and the effect of vaccine hesitancy on measles vaccine coverage.
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Definition of vaccine hesitancy from the perspectives of the EPI officer/experts 
The five EPI officers/experts were asked how they would define vaccine hesitancy. 
Several answers were reported; one participant defined it as inability of a person to 
access and utilize the vaccines services (participant C).

Two participants (participants A and D) indicated that vaccine hesitancy is related to 
those who do not vaccinate at all “The hesitancy is present among people with a zero 
dose”. However, participant D added delaying of vaccination as a result of different 
concerns. Two participants associated vaccine hesitancy with “rumors” (Participant B 
and E).

“The issue is that some people do not come to the vaccination in general, or delay 
vaccination for certain concerns; either religious, vaccine safety, or related to the 
service provided” (Participants D).

determinants of vaccine hesitancy in Khartoum state
Both groups of participants were asked about the main causes of measles vaccine 
hesitancy in Khartoum state. Fitting in the WHO Model of determinants of vaccine 
hesitancy, the findings are summarized in (Figure 1).

1. Contextual Influences
Religious belief from certain religious groups were reported by the majority of the 
participants in both groups. However, some EPI officers/experts elaborated more on 
these beliefs in religious groups. 

“There is an escalation of religious refusal, for instance; groups such as Ansar Al-
Sunna and Wahabia (Religious groups) think that vaccines are brought by Jews, 
for which reason, they refuse all vaccines” (Participant C).

“Not only measles, but also all vaccines, sometimes they talk about Freemasons 
and infidel states ... etc. which bring vaccines” (Participant B).

“A few years ago, some public figures adopted vaccine refusal. If you heard 
about Shaikh Sadig Abdallah Abdelmagid, the leader of the Muslim Brotherhood 
(religious and political group), who advocated the prohibition of child vaccination” 
(Participant A).
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Other groups in which vaccine hesitancy was identified by several immunization officers/
experts included ethnic and tribal groups, people of higher socioeconomic status and 
well-educated people who live in first class areas in Khartoum state.

“Some tribes such as Falatta (a tribe of a Nigerian origin) do not vaccinate all 
their children in their households; they are afraid of the evil eye (i.e. they think 
that people will notice that they have many children in their house, so they think 
some of them will die)” (Participant C).

Figure 1: EPI officers/experts’ and Vaccines Providers’ (VP) opinions about determinants of measles vaccine 
hesitancy in Khartoum state, sudan.
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“We met some people during the campaigns who do not vaccinate their children 
because they have concerns about the volunteers who vaccinate their children 
in the houses. This phenomenon exists among the educated and the rich people 
in the first class areas especially in Al-Safia, Madinat Al-Neel (Nile city), Al-Ryad 
and Al- Manshea. Those rich people consider that providing this service (i.e. 
vaccination) free of charge as inslulting, once it came free of charge that means 
it contains a problem” (Participant C).

“When you knock at their doors, they (people who live in first class areas) say 
that they only accept vaccination by paediatricians. Some of them ask questions 
during the campaigns: from where you bring this vaccine? How you keep it? 
Because they (people who are well educated and live in first class areas) know 
certain information.” (Participant D).

Few of the interviewed front-line providers noted geographic barrier as a cause of 
vaccine hesitancy, however, it was considered a minor issue by some immunization 
officers/experts.

“The higher population density is to the west of the asphalt street, but the Health 
Center is to the east of the asphalt street, so mothers suffer when they bring 
children, walking all this distance” (Participant Np).

“Reaching the health centers is not an issue, we have village clinics in all of 
Khartoum State, and we have mobile teams in some localities such as Umbada 
and Jebel Awlya, even in the Internal Displaced People camps” (Participant A).

2. Individual and group influences
With consensus from all (five) immunization officers/experts, beliefs and attitudes of 
parents/guardians about health and prevention from measles was identified as a causal 
factor in measles vaccine hesitancy. It is interesting to note that only one participant 
from front-line providers reported beliefs and attitude of parents/guardians as a 
contributing factor.

“Measles is believed to be a common household disease that every child contracts, 
with mild fever and mild rash, then topical medication or anything else is used, 
and then the disease disappears” (Participant D).
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“Ansar Al-Sunna (i.e. people who belong to this group) say it is god who protects 
us until we grew up, vaccination didn’t exist in the past” (Participant Fp).

Experience with past vaccination was identified by some of the front-line providers and 
mentioned by only one immunization officer/expert as a possible cause.

“When the child cries at night due to fever after vaccination, the father tells his 
wife that she took a healthy child, who is now ill, telling the mother not to take 
the child again for vaccination” (Participant Kp).

Some participants from both groups reported lack of knowledge and awareness as an 
important determinant in measles vaccine hesitancy. 

“There is a lack of knowledgeable among mothers, I mean mothers’ awareness 
about coming at the exact time of the measles vaccination, or the importance of 
vaccinating with measles vaccine, similarly when the time comes for the second 
dose at age 18 months” (Participant D).

Many front-line providers noted that perception of a lack of risk and low benefit of 
vaccination among people (parents/guardians) are important determinants of measles 
vaccine hesitancy. 

“Measles is rare nowadays, not as used to be in the past, when measles caused 
death. Now some mothers believe that there is no need for this vaccine” 
(Participant Fp).

Immunization is not considered as a social norm by some people in Sudan; this was 
reported by one of the front-line providers. 

“A woman came to me and said that she is a nomad from Western Sudan, she said 
that for us cattle are the most important (i.e. it is not our priority)” (Participant Ip).

3. Vaccine- and vaccination-specific factors
Mode of administration was identified as a contributing factor in measles vaccine 
hesitancy by two immunization officers/experts and one front-line providers.

“When a mother feels that her child is going strong at the age of 9 months, they 
think that this child is well and that there is no need to vaccinate him or to expose 
him to an injection (i.e. measles vaccine)” (Participant C).
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Some of the front line providers noted that the design of the vaccination program or the 
mode of delivery as an important factor in measles vaccine hesitancy, specifically the 
number of measles vaccination’s sessions per week (As most of the vaccine providers 
indicated that they have one session per week for measles vaccination in order to 
comply with the recommendation of discarding the ten-dose vial after six hours from 
opening the vial as well as reducing the loss of unused doses). However, some of the 
immunization officers/ experts thought this to be of less influence.

“One day, three women came to me and went back, I told them that the measles 
vaccine was not that day, measles vaccination is on Wednesdays. They got upset, 
because it was hard to come again” (Participant Jp).

The majority of participants in both groups identified the measles vaccine schedule 
(Measles vaccine is given at ninth and eighteenth months of child age. Vaccine providers 
use different ways for reminding parents about the time of the next dose including 
telling verbally, write on the card, and/ or even using mobile phone call.) as a causal 
factor in measles vaccine hesitancy. 

“... the long gap between scheduled vaccinations means that the mothers might 
forget, though we remind them by writing in their cards the exact time of the 
following dose” (Participant Lp).

The attitude and the personal characteristic of vaccine providers was reported by most 
of the participants in the both groups as a contributing factor in vaccine hesitancy (e.g. 
some parents especially in rural areas do not trust foreigners’ vaccine providers; prefer 
female providers, etc.) 

“Sometimes the cadre may be rough or is not from the same rural area. If such 
a vaccine provider and I are working together in the office, parents will ask me 
personally to vaccinate their children, and when I reply that he and I are the 
same, they say that they have no trust in someone from outside their village” 
(Participant Np).

The effect of vaccine hesitancy on measles vaccine coverage
The immunization officers/experts were asked a question about the effect of vaccine 
hesitancy on measles vaccine coverage in Khartoum state. Some of them reported it as 
the main causal factor in reducing measles vaccine coverage, however, fewer considered 
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it as a contributing factor with many other factors including community awareness 
about the importance of vaccination. 

“There are several reasons for reduced coverage, but I still say that it is of great 
importance to stress the necessity for both the pentavalent vaccine and the 
measles vaccine, according to the recommended schedules” (Participant B).

dIscussIon 
For a further understanding of measles vaccine hesitancy in Khartoum state, Sudan, 
this study explored the views of EPI officers/experts and front-line vaccine providers. 
The findings show that there was no consensus on the definition of vaccine hesitancy 
among the EPI officers/experts, nor was there a strong correspondence with the 
definition of the WHO-SAGE group. Although it has been defined explicitly by most of 
the participants as a behavior (refusal of vaccines), their definition only acknowledged 
one aspect of behaviors as referred by WHO-SAGE’s definition (delay in acceptance 
or refusal of vaccines). Some noted rumors as a cause. Despite the recognition of the 
WHO definition for the vaccine hesitancy as a behavior, WHO also acknowledges that 
complacency, confidence and convenience contribute to vaccine hesitancy and these 
include many beliefs and attitudes (as determinants of behavior). These findings in 
general confirm what other similar studies reported [12, 13].

Most importantly, in order to inform and improve future interventions, the findings 
indicates that the WHO-SAGE’s definition of vaccine hesitancy needs to be better 
promoted among the EPI officers/experts in order to inform and improve future 
interventions. 

Despite this lack of consensus on the definition per se, our study’s findings also indicate 
that the majority of participants, both EPI officers/experts and front-line vaccine 
providers, confirmed the existence of measles vaccine hesitancy in Khartoum state. 
Further, they agreed on it as a contributing factor for the decreasing measles vaccine 
coverage in Khartoum and likely in all of Sudan.

Most of the participants in both groups reported many contextual, individual/group and 
vaccination/vaccine issues as determinants of measles vaccine hesitancy. The majority of 
the participants agreed that the main contextual determinant is the presence of people 
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(parents/guardians) who can be qualified as “anti-vaccination”; they mostly belong to 
religious groups, especially the Ansar Al-Sunna group, and they often refuse all vaccines. 
Some of the EPI officers/experts attributed this refusal to blaming the manufacturing 
countries of a conspiracy. In Sudan, Salafi groups are estimated for about 10% of the 
religious landscape of Sudan as reported by Aljazeera center for studies [14]. Many Salafi 
parties and groups emerged from Ansar Al-Sunna group, the oldest established Salafi 
group in Sudan, as their ideologies range from moderate to extremist (fundamentalism) 
Salafism. Most Sudanese people use the term Ansar Al-Sunna to describe any Salafists 
(i.e. interchangeably). Therefore, research is needed for identifying those refusers, their 
concerns and which groups they belong to. However, the fatwa (religious-legal response) 
in Sudan about prohibiting the vaccination of children, claiming it is a conspiracy of the 
Jews and Freemasons was issued in 2007 by the leader of Sudan’s Muslim Brotherhood, 
Sadeq Abdallah bin Al-Majed. He declaimed on this topic after framing the Darfur 
problem as an American conspiracy [15]. Nevertheless, there is no reported data about 
the implication of this fatwa on the vaccination program in Sudan. As communication 
succeeded in addressing the religious concerns, such as halal issues, in Indonesia having 
a large Muslim community [16], communication strategies are needed to address the 
concerns that are raised by these groups. Lack of trust in manufacturing companies was 
linked to vaccine hesitancy also in Europe and especially in Italy [17, 18].

Other vaccine providers explained the refusal by pointing to particular beliefs, such as 
the belief that the vaccines are a cause of the disease and the belief that only God can 
protect their children from disease. These findings are congruent with many studies that 
linked vaccine hesitancy with certain religious, ethnic and cultural groups in different 
countries [13, 19-21]. Our study’s findings reflect how these different beliefs concerning 
vaccination are rooted in particular sub-groups. Appropriate interventions are needed 
to address these different beliefs in order to increase the measles vaccine coverage.

Moreover, most EPI officer/experts agreed that individual beliefs and attitudes about 
health and prevention from measles are the main determinants (causal factors) of 
measles vaccine hesitancy, and they could identify some of these beliefs. This is 
consistent with findings from France and Italy where one of the major reasons for non-
vaccination is the perception that the risk of acquiring measles is low [17, 22]. The 
same finding was also stressed in a systematic review conducted by Brown KF et al in 
2010 [23]. None of the participants in our study reported concerns about a possible link 
between measles vaccination and autism, while this seems to be the major concern for 
parents in several studies conducted in developed countries where vaccine hesitancy 
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lead to an important decrease in measles’ coverage rates, with a consequence of an 
ongoing epidemics in these countries [4-6, 24-27].

Interestingly, measles vaccine schedule (i.e. 9th and 18th months’ doses), as well as the 
mode of measles vaccine delivery constitute other forms of so called passive vaccine 
hesitancy [28, 29], often also is considered as related to access issues. Parents are 
actively trying to get their child vaccinated with measles vaccine, but are turned when 
the provider refuses to open the measles vaccine vial (i.e. due to the open vial policy) 
that resulting in a missed opportunity to vaccines. Therefore, to address issues related 
to the measles vaccine schedule, a parent reminder system, including recall and text 
messages, would be needed for parents who unfortunately were turned away or are 
simply forgetting to bring the child back for the 9th and 18th month doses. At the same 
programs level, revisiting the opened-vial policy is needed in order to determine its 
cost-effectiveness.  

Limitations of the study
This study’s findings should be interpreted within the context of the study’s participants 
and areas. As being a qualitative study, unintended bias of selecting participants and 
areas can not be excluded, as some areas were selected (i.e.in addition to the purposive 
criteria of selection) because they were easier to access. Moreover, most participants 
mentioned names of some ethnic and religious groups without a clear definition of who 
exactly these groups are (e.g. “Falatta” and “Ansar Al-Sunna”). This might complicate 
the search for the right target group for interventions. We did this study into vaccine 
hesitancy in circumstances where people have a relatively easy access to vaccination 
services. We have to acknowledge that there are other areas in Sudan, where there is 
the perhaps even more fundamental difficulty of people not having access to vaccination 
services in the first place.

conclusIons
To conclude, the findings of this study show how complex measles hesitancy is in Sudan 
and how much variation there is regarding the definition and the perceived causes 
and consequences. It also indicates that this risky phenomenon can only be explained 
(and thus possibly be intervened upon) in its specific socioeconomic and –cultural 
context. Negative beliefs and attitudes of people (parents/guardians) are important, 
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but vaccination program aspects should not be neglected. Therefore, developing 
strategies should include not only communication strategies but also programmatic 
interventions for improving access. For an even further understanding of the magnitude 
of the problem and the context-specific causes of measles vaccine hesitancy and for 
developing better intervention strategies to address hesitancy, there is a clear need 
to study the issue in even more detail, including among the parents/guardians of the 
children.
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AbstrAct
background: There is a need for reliable and validated tools to identify, classify, and 
quantify vaccine-hesitancy in low and middle-income countries, such as Sudan. We 
evaluated the psychometric properties of an adapted version of the measles vaccine 
hesitancy scale by assessing its reliability, convergent validity, and criterion validity in 
Sudan. The vaccine hesitancy scale (VHS) was originally developed by the WHO/SAGE 
Working Group of Vaccine Hesitancy.

Methods: A community-based survey among parents was conducted in February 2019 
in Khartoum state. We conducted exploratory and confirmatory factor analysis to 
examine the structure of the adapted measles VHS (aMVHS). We computed Cronbach’s 
alphas, correlations with other vaccine hesitancy measurements including the Parental 
Attitude towards Childhood Vaccination (PACV) and the Vaccine Confidence Index (VCI), 
and performed a Mann-Whitney U test for assessing the reliability and the convergent 
and criterion validity, respectively. Moreover, to examine whether the aMVHS can 
predict the child’s vaccination status, the area under the curve (AUC) was estimated 
using receiver operator characteristic (ROC) curves.

results: The questionnaire was completed by 500 parents. Most were women (87.2%) 
between the ages of 20 and 47 (M = 31.15, SD = 5.74). The factor analyses indicated 
that the aMVHS comprises of two factors (sub-scales): ‘confidence’ and ‘complacency’. 
The aMVHS subscales correlated weakly to moderately with the PACV and VCI scales. 
The area under the curve was 0.499 at most (p > 0.05) and the aMVHS score did hardly 
differ between actually vaccinated and non-vaccinated children.

conclusion: Our findings underscore that the aMVHS and its confidence and complacency 
sub-scales are reliable and have a moderately good convergent validity. However, the 
aMVHS has a limitation in predicting the concurrent child’s vaccination status. More 
work is needed to revise and amend this aMVHS, particularly by additionally including 
the ’convenience’ construct and by further evaluating its validity in other contexts.  
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1. IntroductIon
In 2019, the World Health Organization has named vaccine hesitancy as one of the top 
ten global health threats, as it contributes to low vaccination coverage in both high-
income and low and middle-income countries (LMICs) [1–3]. Although the definition 
of “vaccine hesitancy” has been debated, the Strategic Advisory Group of Experts on 
vaccine hesitancy (SAGE) has defined vaccine hesitancy as the “delay in acceptance 
or refusal of vaccines despite availability of vaccination services. Vaccine hesitancy 
is complex and context-specific, varying across time, place and vaccines.” Moreover, 
vaccine hesitancy is influenced by some key factors defined in a model called the “3Cs”–
Complacency (perceived risks of vaccine-preventable diseases are low and no vaccines 
are needed), Convenience (access issues and constraints), and Confidence (level of 
trust in a vaccin) [4–8]. The magnitude, factors, and causes of vaccine hesitancy as 
well as possible interventions to address it, have been studied and evaluated widely 
in high-income countries [9–12] with a paucity of research in LMIC [2, 13, 14]. There 
is no consensus on a global and standardized metric for measuring vaccine hesitancy 
[2, 14–18]. Even the existing ones were criticized by some researchers as not being 
comprehensive enough to address multiple dimensions of vaccine hesitancy [7, 8]. 
For instance; the Vaccine Confidence Index™ focuses on investigating the confidence 
component of the “3Cs” [1]. Additionally, the Parental Attitude towards Childhood 
Vaccination (PACV) scale, though it assesses three concepts (i.e. vaccination attitudes, 
beliefs about vaccine safety and effectiveness and behavior), these three concepts 
were considered part of the confidence construct [8]. Additionally, PACV-15 items 
have been criticized for being quite lengthy which may increase the parental burden 
[8, 19]. This study will contribute to the recognized need for more research in LMIC, 
bringing an Africa focus, in particular Khartoum state in Sudan, to the growing global 
portfolio of tools to measure vaccine hesitancy and its multiple domains [2, 8, 13, 14]. 
To develop a global metric for vaccine hesitancy, WHO/SAGE developed tools based on 
its ‘3Cs’ model which includes confidence, convenience, and complacency [15]. The 
WHO/ SAGE recommended evaluating and researching these tools in different contexts 
to determine if they could be used as the basis for measuring vaccine hesitancy and 
be adapted to low and middle-income country settings [4, 15]. As a response to this 
recommendation, the Vaccine Hesitancy Scale (VHS), one of these tools which has the 
potential to quantify and compare vaccine hesitancy between countries and over time, 
has been validated and evaluated in Canada, Guatemala and recently in the United 



Chapter 3

38

Kingdom [18, 20, 21]. Findings from these three countries revealed that VHS is a valid, 
reliable tool to measure vaccine hesitancy. Additionally, they recommended that more 
adaptation and validation of VHS is needed in different contexts [18, 20, 21]. To our 
knowledge, none of the existing tools to measure vaccine hesitancy have been adapted 
and validated in Africa. 

The current study is part of a larger research project using mixed methods to investigate 
research gaps in vaccine hesitancy generally and particularly measles vaccine hesitancy 
in Khartoum state in Sudan [14]. In response to the recommendation of WHO/SAGE to 
evaluate vaccine hesitancy tools in different contexts, besides, to address issues that 
were raised about VHS in Canada, Guatemala, and the UK, we adapted the VHS and 
evaluated it in Sudan to further identifying quantifying and understand measles vaccine 
hesitancy in Sudan. Accordingly, this current study aimed at evaluating the psychometric 
properties of the vaccine hesitancy scale that was adapted from the scale developed by 
WHO/SAGE by measuring its internal consistency (reliability), construct (convergent) 
validity and criterion (concurrent) validity. 

2. Methods

2.1. study design
For this validation study, a community-based survey was conducted in Omdurman 
locality in Khartoum state in February 2019. This area was selected for the survey 
because a socially, culturally and economically diverse group of people, coming from 
all-over Sudan, live in this locality and its suburbs and have been exposed to vaccination 
campaigns and materials. Additionally, assessing vaccine hesitancy requires that 
vaccination services are available, which is the case in Omdurman.

2.2. Participants and sample size 
The study population included parents/caregivers having a child aged 24–47 months 
(2–3 years). Either mothers, fathers, or any adult nominated by the parents from inside 
the household (household member) were eligible for the interview. If there was more 
than one child at the same age range, the guardian had to answer about only the 
youngest one. If both mother and father were available, they were asked to choose 
one of themselves who filled in the questionnaire. A power analysis for the association 
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between the measles vaccine hesitancy and the measles vaccination status (outcome) 
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%), assuming the prevalence of the outcome, the 
measles vaccination status among the exposed group (hesitant parents) is 50% [22]. 
To cover for possible drop-out due to missing information on the crucial questions, a 
total of 500 participants (parents/caregivers) were recruited for the study. We used 
stratified sampling technique for the study to collect data from parents/caregivers in 
two different districts (Wad Nubawi and Abo Saaeed) in Omdurman, to ensure that 
people from various socio-cultural and economic backgrounds were included in the 
validation study. In each stratum (i.e. district), parents/ caregivers were selected using 
the consecutive sampling; every parent/caregiver meeting the criteria of inclusion was 
selected until the required sample size was achieved. We appointed eight well-trained 
female data collectors (senior students) from Ahfad University for Women to help in 
collecting the data.

2.3. Vaccine hesitancy’s measurement tools 
In this study, we evaluated the psychometric properties of an adapted version of the 
vaccine hesitancy scale VHS which originally was developed by the WHO-SAGE and 
which we called the adapted Measles Vaccine Hesitancy Scale ‘aMVHS’. To validate the 
aMVHS, two other scales were used, the Parents Attitude about Childhood Vaccination 
(PACV) scale and the Vaccine Confidence Index (VCI). 

2.3.1. Developed and adaptation of the Vaccine Hesitancy Scale (aMVHS)
This scale was developed from the 10 items of the Vaccine Hesitancy Scale (VHS) that 
was originally developed by WHO-SAGE (see S1 Table) [15]. The VHS is measured on a 
five-point Likert-type rating scale ranging from ‘strongly agree’ to ‘strongly disagree. 
We made changes to the 10-items VHS scale informed by recommendations from 
two studies conducted in two high-income countries (Canada and UK) and Guatemala 
(low-income country) [18, 20, 21]. To adapt and improve the VHS to the Sudanese 
context, we made the following changes (See the summary of changes in S1 Table); 
Firstly, according to the two studies in Canada and the UK, one item (i.e. item no. L10 
in the VHS “my child/children does or does not need vaccines for diseases that are 
not common anymore”, was assessed as unreliable. For the new aMVHS, we replaced 
this item with item number 10 “Measles is a potentially serious disease, which can 
cause harm to my child” to reflect on the ‘complacency’ dimension in the ‘3C’ model 
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in the definition of vaccine hesitancy. Secondly, the convenience dimension of vaccine 
hesitancy (i.e. vaccine services accessibility, affordability, and availability) was not 
included in the VHS. A study from Sudan found that issues like limited opening hours 
of sessions (i.e. availability of certain vaccines 1–2 days per week) and the schedule of 
some vaccines’ doses including measles vaccine (i.e. in the 9th and 18th months of child) 
were considered as contributing factors to vaccine hesitancy in Sudan [14]. Accordingly, 
a new item to tackle the convenience’s dimension was added: “I think the measles 
vaccine is accessible and available when my child needs it”. Thirdly, the three studies 
found that the scale questions of the VHS primarily address the ’vaccine confidence’ 
dimension. Further, it was found that the VHS consists of two factors with sub-scales 
characterized by ‘confidence’ and ‘risks’. The ‘confidence’ items were worded positively 
while the items of the sub-scale “risk” are worded in the opposite direction from other 
items (i.e. a higher value of response in the original scale for these items indicated 
higher vaccine hesitancy, whereas higher values of response for other items indicated 
lower vaccine hesitancy). Moreover, the participants who are completing the scale 
may mistake this directionality. Therefore, the item L9 “I am concerned about serious 
adverse effects of vaccines” was replaced and worded positively which was adopted 
from the Vaccine Confidence Index “I think measles vaccine is safe”. Fourthly, the item 
L5 “New vaccines carry more risks than older vaccines” was also worded negatively. We 
excluded it from the new scale, as we were afraid that populations diversity, cultural 
differences, and varying degrees of education and awareness about vaccines among 
parents in Sudan might influence the responses to this questions (i.e. not knowing 
which vaccine is the new and which vaccines is/are old). Finally, moreover, in its original 
version, the VHS items were targeting parents’ attitudes towards childhood vaccination. 
We adapted these ten items so that they could be asked to measure parents’ attitudes 
towards measles vaccination. Similarly, as reported by the previous studies [18, 20, 
21], the mean of hesitancy scores were scaled from 1–5, with higher scores indicating 
greater hesitancy in the aMVHS. 

2.3.2. Parents Attitude about Childhood Vaccination (PACV) scale
The PACV contains 15 items in three domains; immunization behavior (e.g. Have you 
ever delayed having your child get a shot for reasons other than illness or allergy?), 
perceived safety and efficacy (e.g. How concerned are you that your child might have 
a serious side effect from a shot?) and general attitudes and trust (e.g. It is better for 
my child to develop immunity by getting sick than to get a shot). In its original English-
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version that was used in the USA, Cronbach’s alpha coefficients for the 3 sub-domain 
scales were 0.74, 0.84, and 0.74, respectively [23, 24]. Consistent with prior studies, 
and tested in many high income and middle-income countries including Malaysia and 
Saudi Arabia [12, 17]. Items 1 and 2 were categorized under the behavior domain; items 
7–10 were grouped under the safety and efficacy domain while items 3–6 and 11–15 
in the general attitude domain responses were assigned to a score of 2 for “hesitant” 
responses, 1 for “not sure” responses and 0 for “non-hesitant” responses. Item scores 
were summed to a total score ranging from 0 to 30. Parents with children who answered 
“don’t know” in the above-mentioned behavior items were considered missing data 
because this response likely reflected poor recall rather than immunization hesitancy, 
as suggested by other studies. The total raw score was converted to a 0–100 scale [23, 
24]. 

2.3.3. The Vaccine Confidence Index™ (VCI)
The Vaccine Confidence Index™ uses four key questions to measure (on a five-point Likert 
scale) the perceived importance, safety, and effectiveness of vaccines and compatibility 
with religious beliefs against a mix of socio-economic and demographic factors [1]. It 
was developed by the Vaccine Confidence Project and has been used globally as well as 
a benchmark for monitoring vaccine confidence. Following the initial global study using 
the VCI in 2015, the European Union commissioned the Vaccine Confidence Project to 
run a second and third wave using the VCI™ to measure change between 2015, 2018 
and 2020. The Wellcome Trust 2018 Global Monitor ran the VCI™ in 144 countries as 
part of a larger study on trust in science and health. Additionally, the Philippines has run 
four waves of the VCI™ to measure changing confidence following the announcement 
of a new Dengue vaccine risk, and then to measure the impact of efforts to improve the 
confidence levels [25, 26].

2.4. data collection
Before proceeding with the reliability and validation tests, the Arabic version of the 
adapted VHS scale was pre-tested with 16 parents at the Ahfad Family Center (Primary 
health care center) to assess its understandability and clarity of questions. The reliability 
and validation test was carried out on the newly developed and adapted aMVHS. 
PACV and the aMVHS were used in the same questionnaire. Additionally, the four VCI 
questions were administered. Questions about the socio-demographic characteristics 
of the household were asked. Additionally, the measles vaccination status of the child 
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aged 2–3 years, was assessed by obtaining the information from the immunization card, 
but when the card was not available, we relied on reports from parents about the first 
and the second doses.

2.5. data analysis
To explore the structure of the newly developed and aMVHS, exploratory factor analysis 
was conducted on the construction set. Factors were extracted using varimax rotation. 
A confirmatory factor analysis was performed on the same set in order to test model fit. 
The internal consistency was assessed using Cronbach’s alpha for testing the reliability 
of the aMVHS. To assess the convergent validity, correlation (i.e. Pearson) between the 
aMVHS and PACV and VCI were computed. A Mann-Whitney U test was conducted 
to assess the association between the aMVHS and the child’s vaccination status. The 
receiver operator characteristic (ROC) curve was performed, besides area under the 
curve (AUC) for the aMVHS was computed to evaluate the ability of the aMVHS for 
distinguishing and predicting the child’s vaccination status (Criterion validity). Data 
analysis was done by using IBM SPSS V.24 and IBM SPSS AmosV.23.

2.6. 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.

3. results

3.1. sociodemographic characteristics of the participants and their children
Five hundred parents completed the questionnaire. As shown in Table 1, the majority 
of the respondents were women (87.2%) between the ages of 20 and 47 (M = 31.15, 
SD = 5.74), housewives (74.6%), and had a university education (46%). Most of the 
respondents had 2 children (45.6%), the majority were fully vaccinated with measles 
vaccine (87.2%).
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table 1: sociodemographic characteristics of the participants and their children (n = 500)

N %

Questionnaire’s respondent
Mother 436 87.2
Father 23 4.6
Others 41 8.2

Educational level of the mother
Not educated/illiterate 14 2.8
Primary 62 12.6
Secondary 173 34.6
University 231 46.2
Postgraduate 19 3.8

Mother’s employment
Housewife 373 74.6
Student 11 2.2
Worker 14 2.8
Officer 51 10.2
Professional (Engineer, Doctor, Lawyer …etc.) 34 6.8
Self-employed 16 3.2
Others 1 0.2

Income level (self-ranking)
Very high 6 1.2
High 64 12.8
Medium 395 79.0
Low 33 6.6
Very low 2 0.4

Number of children < 5 years
1 222 44.4
2 228 45.6
3 and more 50 10.0

Sex of the youngest child
Male 222 44.4
Female 278 55.6

Measles vaccination status of the youngest child
Unvaccinated 14 2.8
Partially vaccinated 45 9.0
Fully vaccinated 436 87.2
Don’t know/ Not sure 5 1.0

3.2. structure, model fit and the internal consistency of the aMVhs
The Exploratory Factor Analysis (EFA) identified two interpretable factors with 
Eigenvalues (i.e. greater than one) of 4.05 for the ’confidence’ factor and 1.04 for the 
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’complacency’ factor, see Table 2. These two factors explained about half (50.8%) of the 
total variance of the 10 items scale. We replicated the factor analyses with an oblique 
rotation (Promax) and we found a similar pattern of ’confidence’ and ’complacency’ 
factors. Confirmatory factor analysis was conducted for the 10-items and it showed 

table 2: rotated eFA factor loading pattern and cFA standardized regression weights for the aMVhs items

No. aMVHS items

EFA loadings  
(n = 500)

CFA standardized regression 
weights (n = 500)

Factor 1 Factor 2
Factor 1: 

Confidence a
Factor 2:

Complacency b

1 Measles vaccine is important for my child to 
have

0.740 0.293 0.705 -

2 I think the measles vaccine is safe 0.836 0.230 0.840 -

3 I think the measles vaccine is effective 0.870 0.173 0.831 -

4 All childhood vaccines offered by the 
government program in my community are 
beneficial

0.480 0.287 0.444 -

5 Having my child vaccinated with measles 
vaccine is important for the health of others in 
my community

0.351 0.565 - 0.602

6 Generally, I do what my doctor or health care 
provider recommends about measles vaccines 
for my child/children

0.144 0.768 - 0.646

7 The information I receive about vaccines 
from the vaccine program is reliable and 
trustworthy

0.114 0.684 - 0.545

8 Getting measles vaccines is a good way to 
protect my child from measles

0.317 0.657 - 0.681

9 I think the measles vaccine is accessible and 
available when my child needs it

0.272 0.484 - 0.481

10 Measles is a potentially serious disease which 
can cause harm to my child

0.117 0.441 - 0.378

a Confidence is defined by the SAGE as “trust in 1) the effectiveness and safety of vaccines; 2) the system that 
delivers them, including the reliability and competence of the health services and health professionals and 3) the 
motivations of the policy-makers who decide on the needed vaccines” [4].
b SAGE explained that “Vaccine complacence exists where perceived risks of vaccine-preventable diseases are low 
and vaccination is not deemed a necessary preventive action. Complacency about a particular vaccine or about 
vaccination in general is influenced by many factors, including other life/health responsibilities that may be seen to 
be more important at that point in time. Immunization program success may, paradoxically, result in complacency 
and ultimately, hesitancy, as individuals weigh risks of vaccines against risks of diseases that are no longer common. 
Self-efficacy (the self-perceived or real ability of an individual to take action to vaccinate) also influences the degree 
to which complacency determines hesitancy” [4].



Psychometric properties of the aMVHS in Sudan

45

3

best goodnessof-fit for the aMVHS with two factors (RMSEA = 0.06, CFI = 0.957, TLI = 
0943). As a result, this aMVHS was divided into two sub-scales, confidence (four items) 
and complacency (six items), see Table 2. Cronbach’s alpha values were 0.82, 0.78 and 
0.70 for the aMVHS scale, the confidence’s sub-scale, and the complacency’ sub-scale, 
respectively. Additionally, KMO (Kaiser-Meyer-Olkin Measure of Sampling Adequacy) 
was 0.87 (p-value < 0.0001).

3.3. convergent validity 
The Pearson correlations between the aMVHS including its sub-scales (i.e. ‘confidence’ 
and ‘complacency’) and the alternative vaccine hesitancy measures of the PACV and 
VCI were calculated. The aMVHS total scale correlated 0.65 (p-value ≤ 0.01) with the 
VCI and 0.23 (p-value ≤ 0.01) with the PACV. The Confidence’s Sub-scale correlated 0.69 
(p-value ≤ 0.01) with the VCI and 0.13 (p-value ≤ 0.01) with the PACV, and the VHS 
complacency-Sub-scale correlated 0.50 (p-value ≤ 0.01) with the VCI and 0.27 (p-value 
≤ 0.01) with the PACV. The Cronbach’s alpha of VCI and PACV (computed for Q3–Q15) 
are 0.77 and 0.62, respectively.

3.4. criterion validity 
The criterion validity was assessed using Mann-Whitney U test to assess the association 
of the aMVHS-subscales with the measles vaccination status. There were no significant 
differences between the aMVHS and the aMVHS-subscales’ scores with the measles 
vaccination status of the children. The Medians (Mdn) were the same for each group (the 
fully vaccinated and partially vaccinated/unvaccinated), as the Mdn = 1.4, 1.25 and 1.5, 
for the aMVHS, “Confidence-subscale” and “Complacency-subscale”, respectively. For 
the aMVHS, U = 12321.5, Z = -527, p = 0.598. For the aMVHS “confidence”, U = 11216.0, 
Z = -1.64, p = 0.101. For the aMVHS “complacency” the U= 12765.0, Z = -0.095, p = 0.924. 
Additionally, the effect sizes (r) were very small for the aMVHS, “Confidence- subscale’’ 
and “Complacency-subscale’’ (0.02, 0.07 and 0.004, respectively). Additionally, we 
run stratified analysis (i.e. the Mann-Whitney U test) to assess the association of the 
aMVHS-subscales with the measles vaccination status within each strata (i.e. the two 
districts) separately. We found a similar pattern in the two districts, as there were no 
statistical differences between the aMVHS and the aMVHS-subscales’ scores with the 
measles vaccination status of the children within each strata (for the aMVHS, p-value = 
0.778 and 0.706 in Wad Nubawi and Abo Saaeed districts, respectively).
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3.5. roc analysis 
The aMVHS and its subscales (confidence and complacency) were validated using 
ROC analysis to describe their ability to predict the child’s measles vaccination status. 
The nonparametric analysis of the ROC for the aMVHS, confidence-subscales and 
complacency- subscale yielded area under the curve (AUC) of 0.474, 0.432, 0.499, 
respectively (p > 0.05; Figure 1). This reveals that the test and its subscales cannot 
significantly distinguish between truly vaccinated and unvaccinated/partially vaccinated 
children with measles vaccine.

Figure 1: receiver operating characteristic (roc) analysis of the aMVhs and aMVhs-subscales’ scores for 
screening of vaccine hesitancy.

4. dIscussIon 
In its final report on vaccine hesitancy in 2014, SAGE/WHO recommended validation 
of the developed survey tools on vaccine hesitancy in different contexts. However, 
since that time none of the existing tools to measure vaccine hesitancy have been 
validated in Africa. The present study aimed at evaluating the internal consistency 
(reliability), convergent validity, the criterion validity and the predictive value of the 
vaccine hesitancy scale (VHS) that was adapted from the scale developed by WHO/
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SAGE. We implemented some changes to the 10 items of VHS, which were based on 
recommendations from previous studies [18, 20, 21]. The response rate was very high 
(about 100%), which resulted from using interviewer administered questionnaires (i.e. 
recruiting data collectors). Our study findings showed that the adapted VHS comprises 
of two factors (sub-scales); ‘confidence’ and ’complacency’. Our findings in Sudan 
reflect some similarities and differences with other findings in different contexts. These 
findings are supported by results from three previous studies conducted to validate the 
VHS in Canada, UK, and Guatemala [18, 20, 21]. However, the items in each sub-scale 
were loaded differently than the other studies, as in our study, the ‘confidence’ subscale 
consisted of four items whereas the ‘complacency’ sub-scale consisted of six items. 
Apparently, these differences resulted from the adaptation of the scale. We changed 
the items L5 and L9 included in the sub-scale ‘risk’ in the original version of the VHS 
[18, 20, 21]. Vaccine hesitancy is complex and multi-dimensional [7, 16, 20, 24]. Unlike 
the other studies [18, 20, 21], our findings indicated that the adaptation that we made 
has improved the VHS to become bi-dimensional rather than unidimensional, as the 
confidence and complacency constructs are considered as part of vaccine hesitancy 
‘3Cs’ model as defined by SAGE/WHO [16]. A study in Germany has expanded on the 
‘3Cs model’ to propose a ‘5Cs’ model and tested them locally, adding “Calculation” (i.e. 
individuals’ engagement in extensive information search) and “Collective responsibility” 
(i.e. the willingness to protect others by one’s vaccination through herd immunity). 
However, the ‘5Cs’ model needs more validation in differenet contexts [8]. Therefore, 
we suggest in the next version of the VHS to include more items on the ’convenience’ 
dimension of the ‘3Cs’ as described in the vaccine hesitancy’s definition. Interestingly, 
the construct (convergent) validity of the adapted VHS sub-scales underscored positive 
correlations that ranged between weak to moderate with the PACV and VCI, respectively. 
This can possibly be attributed to the fact that PACV and VCI focus mainly on the 
vaccine confidence construct [8], while the aMVHS additionally measures complacency. 
It is considered comparatively low, as the VHS in Canada, showed medium to large 
relationship when correlated with other related vaccine attitudes measures [19]. 
These positive correlations of the ’aMVHS’ are promising as a tool to measure parental 
vaccine hesitancy, thus, further research is needed to evaluate the ’aMVHS’ in different 
contexts after adding more items representing the ‘convenience’ dimension of vaccine 
hesitancy. However, ROC analysis which yielded (AUC of 0.47), in addition to the lack 
of differences between the scores of the adapted MVHS and the concurrent measles 
vaccination status of the child, indicates the inability of the adapted VHS in predicting 
child’s vaccination status. Poor predictive validity of the aMVHS will not enable its use 
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as a screening tool to guide early interventions with vaccine-hesitant parents to change 
their immunization behavior [21, 22].

limitations
The study’s findings should be interpreted within the geographical, socioeconomic and 
sociocultural context of the study’s participants and areas. Despite this study using 
an Arabic version of the adapted VHS, PACV and VCI, which were forward translated 
by the Sudanese researchers, backward-translation was not performed. However, the 
pre-test showed good face validity and understandability. Findings from this study may 
have been limited by unintentional selection bias, as the study was conducted using 
a nonprobability sampling (consecutive sampling) method to recruit the participants 
until 500 participants were reached from both districts. Because of the time when 
the interviews were conducted, most of the participants were female (i.e. men were 
working), which led to missing fathers’ perception, attitude, and role in making 
decisions about vaccination. In addition, about half of the female participants (46.2%) 
reported the completion of their university education. This figure is higher than the 
average of higher education attendance rates for the females (about 15% and 30% at 
the national and Khartoum state levels, respectively). Additionally, as noticed in the 
field, other household members (e.g. fathers, grandparents) were present during some 
of the interviews. The presence of others may have introduced a bias in participants’ 
responses. The study findings may have been influenced by the recall and response bias 
of the participants, as sometimes we rely on parental recall when there is no vaccination 
card to assess child’s vaccination status. As reporting perhaps biased due to social 
desirability. This might have even underestimated the association between vaccine 
hesitancy and vaccination status. However, the absence of criterion validity is not a 
matter of a too small N (sample size), but rather of an absent or very small difference 
(i.e. effect sizes) between vaccinated and non-vaccinated children. Additionally, the 
medians are not different for the two groups (i.e. fully vaccinated and partially/non-
vaccinated. Nevertheless, given the purpose of the study to validate the adapted VHS 
in Sudan, we do not expect any of these limitations to have significantly impacted our 
results.
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5. conclusIon 
This study aimed at evaluating the internal consistency (reliability), convergent validity, 
the criterion validity and the ROC curve analysis of the vaccine hesitancy scale that 
was adapted from developed by WHO/SAGE aMVHS. Our findings underscores that the 
aMVHS is reliable and that it has good convergent validity. Moreover, it constitutes two 
constructs of the ‘3Cs’ model; confidence and complacency. However, the aMVHS has a 
limitation in predicting the concurrent child’s vaccination status. More work is needed 
to revise and amend this aMVHS to include the ‘convenience’ construct as well as to 
evaluate its validity in other contexts.
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s2 table: Frequency distribution (n = 500) of the 10 aMVhs items

No. aMVHS items

Strongly 
agree
N (%)

Agree
N (%)

Not sure
N (%)

Disagree
N (%)

Strongly 
disagree
N (%)

1 Measles vaccine is important for my child 
to have

375 (75.0) 124 (24.8) - - 1 (0.2)

2 I think the measles vaccine is safe 290 (58.0) 197 (39.4) 10 (2) 2 (0.4) 1 (0.2)

3 I think the measles vaccine is effective 301 (60.2) 185 (37) 12 (2.4) 1 (0.2) 1 (0.2)

4 All childhood vaccines offered by the 
government program in my community 
are beneficial

187 (37.4) 284 (56.8) 18 (3.6) 10 (2) 1 (0.2)

5 Having my child vaccinated with measles 
vaccine is important for the health of 
others in my community

271 (54.2) 209 (41.8) 14 (2.8) 4 (0.8) 2 (0.4)

6 Generally, I do what my doctor or health 
care provider recommends about measles 
vaccines for my child/children

251 (50.2) 245 (49.0) 3 (0.6) 1 (0.2) -

7 The information I receive about vaccines 
from the vaccine program is reliable and 
trustworthy

226 (45.2) 253 (50.6) 14 (2.8) 6 (1.2) 1 (0.2)

8 Getting measles vaccines is a good way to 
protect my child from measles

262 (52.4) 231 (46.2) 7 (1.4) - -

9 I think the measles vaccine is accessible 
and available when my child needs it

247 (49.4) 204 (40.8) 11 (2.2) 35 (7.0) 3 (0.6)

10 Measles is a potentially serious disease 
which can cause harm to my child

314 (62.8) 169 (33.8) 6 (1.2) 11 (2.2) -
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AbstrAct
Determinants of vaccine hesitancy are not yet well understood. This study aims to assess 
measles vaccine hesitancy and characterize its determinants among Sudanese parents 
in Omdurman in Khartoum state. A community-based cross-sectional quantitative 
study was conducted in Khartoum state in February 2019. The Parent Attitudes 
about Childhood Vaccination (PACV) was used to measure measles vaccine hesitancy. 
Questions about the sociodemographic characteristics of the family, the perception 
of the parents about the measles vaccine, and the parental exposure to information 
were asked. Proportions of vaccine hesitancy and coefficients of linear regression were 
computed. Five hundred parents were recruited for the study. We found that a significant 
proportion of participants (about 1 in 5 parents) had hesitations regarding the measles 
vaccine. Significant predictors of measles vaccine hesitancy were parental exposure to 
anti-vaccination information or materials (β = -0.478, p < 0.001), the parents’ perception 
of the effectiveness of measles vaccines (β = 0.093, p = 0.020), the age of the mother 
(β = 0.112, p = 0.017), the birth rank of the child (β = -0.116, p = 0.015), and the total 
number of the children in the family (β = 0.098, p = 0.013). Vaccination access issues 
were the common justification for parental vaccination hesitancy. Our findings indicate 
that investment in vaccine communication as well as addressing access issues might 
be an effective intervention for improving measles vaccine acceptance and, ultimately, 
measles vaccine coverage.
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1. IntroductIon
Vaccine hesitancy is one of the main predictors of low vaccine acceptance and demand 
worldwide [1-3]. As vaccine hesitancy is well investigated in high-income countries, 
reports show that vaccine hesitancy is increasing in these areas, posing a growing threat 
to global health [4-7]. As defined by the WHO Strategic Advisory Group of Experts on 
vaccine hesitancy (SAGE), vaccine hesitancy is “delay in acceptance or refusal of vaccines 
despite availability of vaccination services. Vaccine hesitancy is complex and context-
specific, varying across time, place, and vaccines.” Additionally, as part of its mission, 
SAGE developed two models of determinants of vaccine hesitancy; the simplest one is the 
“3Cs” model which includes Complacency (perceived risks of vaccine-preventable diseases 
are low and no vaccines are needed), Convenience (access issues and constraints), and 
Confidence (i.e., level of trust in a vaccine), and the more comprehensive “Working Group 
Determinants of Vaccine Hesitancy Matrix” which characterizes the complexity of the 
contextual, individual, and group, and vaccine/vaccination-specific influences [3, 8].

The WHO reported that measles cases rose by 300% in the first quarter of 2019, 
cyompared to a similar period in 2018. Many countries around the world are suffering 
from measles outbreaks; four European counties have lost their measles elimination 
status including Albania, the Czech Republic, Greece, and the United Kingdom [7, 9]. 
Although the benefits of strong immunization programs are clear, suboptimal coverage 
exists among specific populations in certain countries in low and middle-income 
countries (LMICs). Studies’ findings have attributed this suboptimal coverage to access 
and acceptance issues, low vaccine investments, and humanitarian crises [10-12].

Despite its public health and economic consequences, vaccine hesitancy and acceptance 
have not been yet well studied in LMICs, where the socioeconomic and sociocultural 
contexts differ; hence, possibly different interventions are needed [2, 13-15]. In order 
to develop better interventions, more information is needed about the predictors 
of hesitancy. Recent findings underscore that lower vaccination coverage was more 
common among people with higher socioeconomic status in 10 upper-middle-income 
countries [16]. In LMICs, however, low uptake of childhood vaccination is associated with 
different determinants including the behavioral and social factors of parents [17-26].

Sudan is one of the countries that has experienced measles outbreaks in the past two 
years. There were 4,978 confirmed cases in 2018, an increase of 649% compared to the 
number of measles cases in 2017 [7]. Furthermore, the national vaccination coverage 
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is suboptimal for the first and the second dose of the measles-containing vaccine (88% 
and 72%, respectively) [27]. Additional risk factors contributing to the measles burden 
in Sudan include political and economic instability, as they affect directly the nutritional 
status of the at-risk groups, as well as the difficulty of vaccinating children in conflict 
areas in Darfur, South Kordofan, and the Blue Nile states [28].

A recent study conducted among immunization experts and vaccine providers in Sudan 
showed that measles vaccine hesitancy exists in Sudan and is caused by many drivers 
including religious and cultural drivers, beliefs about prevention and treatment, as well as 
causes related to the measles vaccine program [29]. To further inform the development 
of relevant policies and interventions, this study aimed to assess the measles vaccine 
hesitancy and characterize the determinants of hesitancy among Sudanese parents in 
Omdurman in Khartoum state. 

2. MaterIals and Methods

2.1. study design
A community-based cross-sectional quantitative study was conducted in two areas in 
Omdurman locality in Khartoum state in February 2019. These two areas were selected 
for the study because they reflect typical social and cultural groups in Sudan. Additionally, 
being in an urban setting provides relatively high exposure to different vaccination and 
communication campaigns. Furthermore, to assess vaccine hesitancy, the availability 
of vaccination services is a prerequisite for the study, which applies to the Omdurman 
locality. Data were collected using a written questionnaire. The questionnaires were 
completed either in the presence of an interviewer or administered by an interviewer.

2.2. Population and sampling

2.2.1. Population
The study population included parents/guardians with a child aged 2–3 years. To ensure 
that people from various sociocultural and socioeconomic backgrounds (i.e., education 
and wealth level) were included in this study, we performed a stratified sampling 
technique to collect data from parents/caregivers in the two different urban districts 
in Omdurman, Alsharafia (Wad Nubawi’s administrative unit) and Abo Saaeed (Abo 
Saaeed’s administrative unit). 
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2.2.2. Sampling
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 reduce recall bias. If both mother and father were 
available, they were asked to choose one of themselves to fill in the questionnaire.

This study is part of a larger research project about measles vaccine hesitancy in Sudan 
[29, 30]. The sample size was calculated for the whole research project as follows: A 
power analysis for the association between measles vaccine hesitancy and the measles 
vaccination status (outcome) 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%). Assuming 
the prevalence of the outcome, the measles vaccination status among the exposed 
group (hesitant parents) was 50% [31]. To cover for possible dropouts due to missing 
information on the crucial questions, 500 participants (parents/caregivers) were 
recruited for the study. Parents/caregivers were selected using consecutive sampling; 
every parent/caregiver meeting the criteria of inclusion was selected until the required 
sample size was achieved.

2.3. data collection
Data were collected using a pretested questionnaire. The dependent variable was 
the measles vaccine hesitancy, which was measured using the Parent Attitudes about 
Childhood Vaccination (PACV) scale. The independent variables in this study were the 
sociodemographic characteristics of the family that included the mother’s education, 
which was measured at four levels as described by the ministry of education, including 
none (not attended any formal or nonformal education), primary (this level lasts 
eight years from Grade 1 to Grade 8), secondary (ages 14 to 16 can attend secondary 
education, which lasts three years), and university level (this includes obtaining diploma, 
bachelor’s, and postgraduate degrees); the mother’s employment, which was measured 
at two levels (housewife, which is defined by the International Labor Organization as an 
unemployed mother who does housekeeping functions, and employed mother); income 
level of the family which was self-ranked by the study participants on three levels (high, 
medium, and low); number of children who were aged < 5 years in the family; and the 
rank of the child who was aged 2–3 years among his/her siblings (measured as (1st, 
2nd, 3rd, and 4th and above). Additionally, questions about the parental exposure to 
either pro- and anti-vaccine information/materials or campaigns were asked (with a 
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Yes/No answer). Additionally, the questionnaire included questions about the reasons 
behind the measles vaccine hesitancy, which were asked either when vaccine-hesitant 
respondents reported directly that they partially vaccinated or refused to vaccinate 
their children with the measles vaccine or when we found on the vaccination card 
the measles vaccination was missing or that only a single dose of measles vaccine was 
recorded. 

2.3.1. Hesitancy measurement tool
In this study, we used the Parent Attitudes about Childhood Vaccination (PACV) to 
measure measles vaccine hesitancy as the dependent variable. PACV has been validated 
in Sudan [30].

The PACV includes 15 items categorized in 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). In its original English version that was used in the USA, Cronbach 
alpha coefficients for the 3 sub-domain scales were 0.74, 0.84, and 0.74, respectively [32, 
33]. This scale was evaluated in many countries [20, 21] including Sudan (The Cronbach’s 
alpha computed for Q3–Q15 was 0.62) [30]. Item scores for the total scale were summed 
to a total score ranging from 0 to 30. Parents with children who answered ‘’don’t know” 
in the abovementioned behavior items were considered missing data because this 
response likely reflected poor recall rather than immunization hesitancy, as suggested by 
other studies. The total raw score was converted to a 0–100 scale [32-35].

2.4. data analysis
Data analysis was performed by using Statistical Package for Social Sciences (SPSS) 
(version 24). The sociodemographic characteristics of the family, children’s vaccination 
status, and parents’ exposure to vaccination information/ materials were presented in 
a table. Additionally, frequencies of the PACV items were calculated. Multivariate linear 
regression analysis was run to identify the factors predicting the dependent variable, 
measles vaccine hesitancy (PACV). A p-value of less than 0.05 was considered statistically 
significant. Reasons behind hesitancy given by measles vaccine-hesitant respondents 
(i.e., quotes) were matched to the categories of the “3Cs” model: confidence issues 
(concerns about the safety or efficacy of the vaccine, previous bad experiences, 
or preference for alternative health approaches), convenience (access issues), or 
complacency (perceptions that the vaccine was unimportant or unnecessary).
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3. results

3.1. sociodemographic characteristics of the family, children’s vaccination status, and 
parents’ exposure to vaccination information/materials
Data were collected from 500 parents/caregivers. As described in Table 1, the majority 
of the participants were mothers (87.2%) between the ages of 20 and 47 (M = 31.15, 
SD = 5.74), housewives (74.6%), and 50% had a university education and postgraduate 
level. Most of the participants had two children who were aged less than five years 
(45.6%), the majority were fully vaccinated with the measles vaccine (87.2%). More 
than three-quarters of the participants (77.4%) reported that they have been exposed 
to pro-vaccination information or materials. However, only 13% of the participants 
reported that they have ever been exposed to anti-vaccination information or materials.  

3.2. Factors predicting measles vaccine hesitancy
Table 3 shows statistically significant linear associations between parents’ total score on 
the PACV and their exposure to anti-vaccination information or materials (β = -0.478,  
p < 0.001), their perception about the effectiveness of measles vaccines (β = 0.093,  
p = 0.020), age of the mother (β = 0.112, p = 0.017), rank of their child (i.e., the one aged 
2–3 years) (β = -0.116, p = 0.015), and total number of children who are aged less than 
5 years within the family (β = 0.098, p = 0.013).

3.3. attitude and perception towards all vaccines and measles vaccine
Table 2 shows that the PACV’s items are categorized in three subscales, immunization 
behavior (items 1 and 2), perceived safety and efficacy (items 7–10), and general 
attitudes and trust (items 3–6 and 11–15). For immunization behavior, about 89 (17.8%) 
of the respondents have delayed having their child receive a shot for reasons other 
than illness or allergy. Data about the perception of safety and efficacy showed that 
16.6% were (very) concerned that the measles vaccine might not be effective (item 
10), 13% were (very) concerned that the vaccine might not be safe (item 9), and 19% 
were (very) concerned that their child might have serious side-effects from the measles 
vaccination (item 8). Concerning the general attitude and trust, only 3.6% of the 
participants considered themselves as (very) hesitant about childhood measles shots. 
The vast majority of the participants (96.2%) reported that they trust the information 
they receive about measles shots, and they have trust in their child’s doctors (88%) 
(item 15).



Chapter 4

62

table 1: sociodemographic characteristics of the respondents and their status of exposure to vaccination mate-
rials/campaigns

N %

Residence of the respondent Alsharafia 154 30.8
Abo Saeed 346 69.2

Participants Mother 436 87.2
Father 23 4.6
Others 41 8.2

Educational level of the mother None 14 2.8
Primary 62 12.6
Secondary 173 34.6
University 250 50.0

Mother’s employment Housewife 373 74.6
Employed 127 25.4

Income level (self-ranking) High 70 14.0
Medium 395 79.0
Low 35 7.0

Number of children < 5 years 1 222 44.4
2 228 45.6
3 and more 50 10.0

Rank of the child 1st 148 29.6
2nd 126 25.2
3rd 85 17.0
4th and more 139 27.8
Missing 2 0.4

Sex of the youngest child Male 222 44.4
Female 278 55.6

Measles vaccination status of the youngest 
child

Fully vaccinated 436 87.2
Partially vaccinated 45 9.0
Unvaccinated 14 2.8
Don’t know/not sure 5 1.0

Exposure to any pro-vaccination materials/ 
information

Exposed 387 77.4
Not exposed 113 22.6

Exposure to any anti-vaccination materials/ 
information

Exposed 65 13.0
Not exposed 435 87.0
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table 2: Frequency distribution of the 15 PacV items (n = 500)

No. PACV’s items N (%)

1 Have you ever delayed having your child get 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 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 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 is a severe disease. 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 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)

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)

Table 2 continues on next page.
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3.4. reasons behind the measles vaccine hesitancy (open-ended question)  
Fifty-nine parents (12%) who partially vaccinated or did not vaccinate their children with 
the measles vaccine justified their hesitancy for different reasons. Most of the cited 
reasons were related either directly or indirectly to access issues (i.e., availability of the 
measles vaccine and vaccinators’ attitude) as well as inconvenience such as practical 
and social circumstances, which prevented timely attending of measles vaccination 
sessions. Categorized according to the 3Cs model the following main reasons were 
provided.

table 2: Continued

No. PACV’s items N (%)

10 How concerned are you that a shot of 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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•	 Confidence. Some parents were distrustful of the side effects and the vaccine dose 
that is provided. For example: “I am concerned about the side effects of the vaccine, 
and I have fear of fever”.

“I am worried about the dose (i.e., injection)”.

•	 Convenience. Other parents stated that they had difficulties in accessing the 
vaccination service, uncooperative vaccine providers, and unavailability of 
vaccination material. For example:

“Firstly, I went to the center and I did not easily access the vaccine because the 
number of children was not enough to open the vaccine vial. So, we delayed the 
first dose, and when my child took it, I considered that he should not take the 
second dose”. 

“I went many times but I could not vaccinate her because of unavailability of the 
vaccine and the crowdedness”. 

“The vaccination is on certain days and I am busy”.

“I lost the card, and when I went to the health center, they refused to vaccinate 
him with the last dose. I did not look for it and I did not go again”.

•	 Complacency. Some of the parents did not care very much about the vaccination or 
did not seem to perceive the problem of measles as very serious. Examples provided 
were as follows: 

“I did not care for the second dose. There is no specific reason”.

“Laziness and carelessness”.

“I have no specific reasons”.

•	 Other	 reasons. Parents also did not go for the vaccination because of private 
circumstances, social problems in the family, or health problems. Reasons provided 
were:

“I gave him the first dose, but I thought that the second dose is taken when the 
child is aged 5 years or when he enters the school. As we know that the first dose 
is given at the health center while the second dose is given by the campaign in 
home, and this is what happened with all our children”.
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“We had someone died and I forget to go again”.

“We had social circumstances”. 

“I did not remember earlier, and when I remembered the time over/gone”.

“I was ill at the time of the second dose”.

“I was pregnant and I forgot”.

“Absence of his mother because we were divorced”.

4. dIscussIon 
This study aimed to assess measles vaccine hesitancy and characterize its determinants 
among Sudanese parents in Omdurman in Khartoum state. 

We found in this study that a significant proportion of participants (about 1 in 5 parents) 
have a risk perception of the measles vaccine (i.e., concerns about measles vaccine 
safety, efficacy, and the number of vaccines that the child received at the same session). 
Additionally, less than one-fifth of the respondents (18%) have ever delayed the measles 
vaccine for reasons other than illness or allergy. Given the high educational level of 
mothers (about 50% with a university degree) and the urban settings of the participants, 
these figures should be interpreted accordingly, though recent findings also detected 
vaccine hesitancy among high socioeconomic individuals in some LMICs including 
Sudan [16, 29]. Despite these findings contradicting the participants’ perception of the 
importance, safety, and effectiveness of measles vaccines, it is mirrored by the report 
from SAGE/WHO, which described vaccine-hesitant individuals as those who may 
refuse some vaccines but agree to others, delay vaccines, or accept vaccines but remain 
unsure in doing so [3]. Additionally, the latter finding is supported by similar studies 
that found parents are concerned about the side effects of the measles vaccine [36-38].

Remarkably, our findings revealed that parents who have ever been exposed to any anti-
vaccination information or campaigns are more likely to be hesitant towards the measles 
vaccine. One of these anti-vaccine information messages circulating in the Sudanese 
community is that measles is a common household disease that can be contracted by 
every child, so topical or traditional medication can treat it [29]. Exposure to negative 
content and unreliable information about the vaccine from untrusted sources, which 
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is known as “infodemic”, has been well established in recent years as a risk factor for 
vaccine hesitancy especially with the current pandemic of COVID-19 [39].Perception 
of the effectiveness of measles vaccines (ranged from strongly agree to strongly 
disagree) was negatively associated with measles vaccines hesitancy. Similar findings 
from a recent study in Sudan [40] showed that pregnant women with low confidence 
towards vaccination were more likely to be involved in searching for additional vaccine 
information. As well, vaccination-related decisions of pregnant women in Italy are 
influenced by their exposure to information about vaccines [25]. 

Additionally, our findings showed that measles vaccine hesitancy increased with the 
increase in the age of the mother and the number of children. This may be attributed to 
the fact that Sudanese mothers are mostly the first persons responsible for the health 
and prevention of sickness of their children and family; therefore, larger families with 
many children under five years may increase the burden of mothers and may reduce 
the quality of care for the siblings. Some parents are hesitant towards vaccination when 
they have many children, because “they are afraid of the evil eye (i.e., they think that 
people will notice that they have many children in their house, so they think some of 
them will die)’’[29]; therefore, they vaccinate some and leave the others unvaccinated. 
Additionally, Sudanese parents are not always aware of the importance of the “second 
dose”, especially if a mother feels that “a child is going strong at the age of 9 months’’ 
(i.e., the time of the first measles vaccine dose). Some of these findings are supported 
by studies from Malawi, Ethiopia, Kenya, and Tanzania, where parents are most likely to 
be hesitant and missing the opportunity to vaccinate with the second dose of measles 
vaccine when they have a larger sized family, increasing birth order, and increasing child 
age [22, 23]. Fathers’ involvement in child health services has been well established 
as a factor associated with the improvement of decisions related to preventive health 
behaviors [41, 42]. In light of these findings, we suggest fathers’ involvement may help 
reduce delays in vaccination in situations where the mother is unavailable because of 
different social reasons such as traveling or caring for the other family members.

However, our findings showed that measles vaccine hesitancy was negatively associated 
with the rank of the child (who is aged 2–3 years). A recent study in Sudan showed 
that women who had the first pregnancy were actively searching for information about 
vaccines and immunization during their pregnancy; additionally, the same study showed 
that mothers who were low in confidence in the vaccine were more likely to search for 
such information [39]. In addition, some studies suggested that decision making about 
vaccination begins during pregnancy, especially among first-time mothers [43-45].  
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Not surprisingly, education level had no impact on measles vaccine hesitancy in 
our study. The latter finding is supported by another study conducted in five LMICs 
where education had no role in vaccine hesitancy among parents [46]. These findings 
suggest the importance of developing tailored vaccine communication strategies 
and interventions to increase confidence in vaccines and to reduce measles vaccine 
hesitancy among at-risk groups who are mostly exposed to negative information about 
the vaccine. 

Interestingly, vaccination access-related issues were the common justifications behind 
hesitant parents’ decision to either delay, partially vaccinate, or refuse to vaccinate 
their children with measles vaccine. Given the open vial policy [10-dose vial] of measles 
vaccine in Sudan as well as in many LMICs, in addition to the lack of parental reminders 
[29, 45, 46], these results are not surprising. More research is needed to determine 
the optimal size of the measles vaccine vial in Sudan and its cost-effectiveness. At the 
program level, we suggest that an Expanded Program on Immunization set up parental 
reminders to address the long period between the vaccines generally and, in particular, 
for the 9th and 18th month measles’ doses. 

Given the study’s findings, which showed the complexity of measles vaccine hesitancy 
in Sudan, we expect that the current evolving COVID-19 pandemic worldwide, and 
particularly in Sudan, where, the vaccination services that provide routine vaccines 
including the measles vaccine have been disrupted for a while, along with reports 
of hesitancy towards COVID-19 vaccines in Sudan, will worsen the rate of uptake of 
measles vaccines in Sudan. 

limitations
Findings should be interpreted within the socioeconomic and sociocultural context of 
this study. These include unintentional selection bias due to the sampling technique 
(consecutive sampling) to recruit the participants until 500 participants were reached 
from both districts. As well, half of the female participants (50%) reported they had 
a university education. This figure is higher than the average rates for females (about 
15% and 30% at the national and Khartoum state levels, respectively) [47]. Most of the 
participants were female; this may be attributed to the time when the interviews when 
conducted (i.e., men at work), which led to missing fathers’ perceptions, perspectives, 
and their role in making decisions about vaccination. However, we are not sure about 
to what extent and in what direction these limitations might have biased our findings.
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5. conclusIons
Measles vaccine hesitancy in Sudan is determined by various interrelated factors that 
range from individual to societal levels. Our findings underscored that a significant 
proportion of participants (about 1 in 5 parents) have a serious perception of the risk 
of the measles vaccination as well as practical and access issues related to measles 
vaccination sessions. As exposure to anti-vaccine information predicts measles vaccine 
hesitancy among parents, investment in vaccine communication will be a cost-effective 
intervention for measles vaccine acceptance and demand. In addition, changing the 
open vial policy for measles vaccine will improve access to measles vaccine in Sudan 
and, thus, increase vaccine coverage. Given the complexity of the current pandemic of 
the COVID-19 virus, research is needed for a further understanding of the impact of this 
pandemic on the trend of the uptake of measles vaccine in Sudan.
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AbstrAct
Vaccine uptake is one of the indicators that has been used to guide immunization 
programs. This study aimed to evaluate whether measles vaccine uptake is predicted 
by measles vaccine hesitancy. A community-based cross-sectional study was conducted 
in urban districts in Khartoum state in February 2019. Measles vaccine uptake among 
children was measured as either fully vaccinated or partially/not vaccinated. The Parent 
Attitudes about Childhood Vaccines (PACV) scale was used to measure measles vaccine 
hesitancy. Multivariate logistic regression was run to identify the predictors of measles 
vaccination uptake, controlling for sociodemographic variables, and the adjusted odds 
ratios (aORs) with 95% CI were calculated. The receiver operator characteristic (ROC) 
curve was created, and the area under the curve (AUC) for the PACV was computed. 
Data were collected from 495 participants. We found that measles vaccine hesitancy 
(PACV scores) predicts the uptake of measles vaccine after controlling for other potential 
social confounders, such as the mother’s age and the number of children (aOR 1.055; 
95% CI 1.028–1.028). Additionally, the ROC for the PACV yielded an area under the curve 
(AUC 0.686 (95% CI 0.620–0.751; p < 0.001)). Our findings show that measles vaccine 
hesitancy in Sudan directly influences the uptake of the measles vaccine. Addressing 
the determinants of vaccine hesitancy through communication strategies will improve 
vaccine uptake.
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1. IntroductIon
Measles vaccination prevented about 23 million deaths worldwide between 2000 and 
2018. In addition, there has been a 66% decline in measles incidence worldwide and 
a 73% decline in measles-related deaths during the same period [1]. Nevertheless, the 
World Health Organization (WHO) reported a 300% increase in measles cases worldwide 
in the first quarter of 2019 compared to the same period in 2018 [2, 3].

It has been reported that measles cases increased by 246% in the African region in 
2018 compared to 2016. Five countries accounted for 45% of all globally reported cases 
of measles, covering the Democratic Republic of Congo, Liberia, Madagascar, Somalia, 
and Ukraine [1]. In sub-Saharan Africa, the measles case–fatality ratio ranges from 5% 
to 10%, while in developed countries, fewer than 1 in 1,000 children with measles die. 
In countries with refugee camps and internally displaced people, measles ranks among 
the top causes of child deaths, with case–fatality ratios between 20% and 30% [4]. 
Sudan has witnessed measles outbreaks in different parts of the country in the past 
couple of years, with an in-crease of 649% in the number of confirmed cases (4,978 in 
2018) compared to 2017 [3]. Malnutrition and difficulty in getting vaccines to children 
in Darfur, South Kordofan, and the Blue Nile states worsen the situation for measles in 
Sudan [5].

Various global efforts, such as the Global Eradication of Measles, WHO Global Vaccine 
Action Plan 2011–2020 (GVAP), and Immunization Agenda 2030, have identified 
different strategies for eliminating measles. One of these strategies calls for vaccination 
of 90% of the target population and 80% of the population in every covered district 
[1, 6, 7]. No African country has yet achieved the measles elimination goal [8]. Low 
vaccination uptake and increasing vaccine hesitancy contribute to the persistent failure 
to reach approximate herd immunity targets (≥ 95%) [8, 9].

As one of the main indicators used in immunization programs worldwide, vaccine uptake 
can be predicted by a variety of factors, ranging from individual and interpersonal 
factors to societal issues such as health and immunization policies [10–12]. Research 
in African countries reported that vaccination rates were lower in rural than in urban 
areas. Factors such as the child’s age, gender, and birth order and the number of siblings 
within the household were significantly related to vaccination rates. In addition, parental 
factors, such as mothers’ age, education, and socioeconomic status, were found to be 
predictors of vaccine uptake [13–17].
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Vaccine hesitancy is well established as one of the most important predictors of vaccine 
uptake in high-income countries [18–21]. It has been named in 2019 by the WHO as 
one of the top 10 global health threats [22]. The Strategic Advisory Group of Experts 
(SAGE) on vaccine hesitancy has defined vaccine hesitancy as the “delay in acceptance 
or refusal of vaccines despite availability of vaccination services. Vaccine hesitancy 
is complex and context-specific, varying across time, place and vaccines.” Vaccine 
hesitancy is influenced by factors known as the 3Cs model: complacency (low risk 
perception of vaccine-preventable diseases and the belief that no vaccine is needed), 
convenience (access issues and constraints), and confidence (the level of trust in a 
vaccine or provider) [18, 19]. Three tools were developed by the SAGE/WHO to measure 
vaccine hesitancy quantitatively and qualitatively and evaluated in many countries [19, 
20, 23–25]. One of these tools, the Vaccine Hesitancy Scale (VHS), which is reliable 
and has a moderately good convergent validity, was adapted and evaluated in Sudan; 
however, it has a limitation in predicting the concurrent child’s vaccination status [26].

Vaccine hesitancy and its impact on vaccine uptake and demand are poorly investigated 
in low-income countries, suggesting a more complex relationship between sup-ply-
side and demand-side factors [18–21, 25–30]. The Parent Attitudes about Childhood 
Vaccines (PACV) survey is a widely used tool that was designed to measure and identify 
vaccine-hesitant parents in different high- and middle-income countries [31–37]. 
Moreover, studies in the USA and Tennessee have shown that the PACV survey could 
predict childhood immunization uptake [38–41].

In Sudan, the national vaccination coverage is suboptimal for the first and the second 
dose of the measles-containing vaccine (88% and 72%, respectively) [42]. The reasons 
be-hind the low uptake of the measles vaccine are not fully understood. Data from Sudan 
suggest the existence of measles vaccine hesitancy in Sudan, with several social and 
b-havioral drivers behind this hesitancy [26,29,43]. In this study, we aimed to evaluate 
whether measles vaccine uptake is predicted by measles vaccine hesitancy. This study 
is part of a larger community-based, cross-sectional, mixed-methods research project 
in Khartoum, Sudan, which aimed to inform developing strategies to address the low 
uptake of measles vaccine in Sudan. 
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2. MaterIals and Methods

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

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 on 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 the alpha level (5%). We assumed the prevalence 
of the outcome, the measles vaccination status among the exposed group (hesitant 
parents) was 50% [44]. 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.

We collected data from parents/caregivers in two different urban districts in Omdurman, 
Alsharafia (Wad Nubawi’s administrative unit) and Abo Saeed (Abo Saeed’s administrative 
unit). These two districts have similar characteristics in terms of urbanization, locality 
(i.e., Omdurman), exposure to vaccination and communication/information campaigns, 
as well as relative availability of vaccine services as a prerequisite for assessment 
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of vaccine hesitancy. However, people who live in these two districts have different 
socioeconomic backgrounds (i.e., education, employment, and income levels are higher 
in Abo Saeed than in Alsharafia). Parents/caregivers were selected in each district using 
consecutive sampling (convenience sample), as every parent/caregiver meeting the 
criteria of inclusion (e.g., 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. Data were collected 
by eight well-trained graduate female students from the Ahfad University for Women.

Measurements

dependent variable
The dependent variable in this study was measles vaccine uptake by the youngest child, 
in the age range of 2–3 years (i.e., the measles vaccination status), who was measured 
as either fully vaccinated (i.e., two doses) or partially (i.e., single dose)/not vaccinated 
(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 about 
their child’s measles vaccination status. Only 42.8% showed their children’s vaccination 
cards; 54.6% reported that they had cards, but they did not show them. We excluded 
from the analysis all parents/guardians who reported they did not know their children’s 
vaccination status.

Independent variables
In this study, we used the Parent Attitudes about Childhood Vaccines (PACV) to measure 
measles vaccine hesitancy as the main independent variable. The PACV includes 15 
items categorized in 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). 
The items in this scale were scored using a 5-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. Each of the 15 
PACV survey items was scored as follows: Hesitant responses were assigned a 2, “don’t 
know or not sure” a 1, and non-hesitant responses a 0. The two behavior items, i.e., 
items 1 and 2, (see Appendix A, Table A1) were scored as 2 for the hesitant response 
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and as 0 for the non-hesitant response, as the “don’t know” responses were excluded 
as missing data as suggested by Opel et al. [31, 38]. The raw total PACV score was 
calculated by simply summing each item. The total raw score ranged from 0 to 30. Then, 
the raw score was converted to a 0–100 scale [31, 38]. Cronbach’s alpha was computed 
for this scale (Q3–Q15), which was 0.62 [26].

Additional independent variables in this study were sociodemographic characteristics of 
the family, which included the mother’s education, which was measured at four levels 
as described by the ministry of education, none (not attended any formal or non-formal 
education), primary (lasting 8 years, from Grade 1 to Grade 8), secondary (ages 14 to 16 
can attend secondary education, which lasts 3 years), and university level (i.e., diploma, 
bachelor’s, and postgraduate degrees); the income level of the family, which was self-
ranked by the study participants on three levels (high, medium, and low); mothers’ 
employment; the number of children who were aged <5 years in the family; and the 
total number of household members.

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. 
Frequencies of the PACV items were calculated. The chi-square test and Fisher’s exact 
test (when the count in the cells is less than 5) were run to identify factors univariate 
associated with the dependent variable (i.e., measles vaccination status). Additionally, 
Pearson coefficients were calculated to assess the correlations between measles 
vaccine uptake and the socioeconomic factors and measles vaccine hesitancy (PACV). 
For both the chi-square test and Pearson correlations, a p-value of less than 0.05 
was considered statistically significant. Multiple logistic regression was performed to 
identify the predictors of measles vaccination status controlling for sociodemographic 
variables, and the adjusted odds ratios with 95% CI were calculated. Only correlates and 
factors that were significantly related to the uptake of measles vaccine were included in 
the multiple regression analysis. The receiver operator characteristic (ROC) curve was 
executed. In addition, the area under the curve (AUC) for the PACV was computed to 
evaluate the ability of the PACV to distinguish and predict the child’s measles vaccination 
status.
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3. results

3.1. descriptive statistics and associations of the sociodemographic and parental per-
ceptions about the measles vaccine with the uptake of the measles vaccine
As shown by Table 1, 495 participants from Omdurman city were included: 30.7% 
from Wad Nubawi’s district and 69.3% from Abo Saeed district. The majority of the 
participants were mothers (87.2%), with low participation by fathers (only 4.6%). The 
mean age of the mothers who participated in the study was 31.14 (SD = 5.73). About 
half of the participants (50.1%) had completed university, followed by those who 

table 1: association of the characteristics of the surveyed parents/guardians with measles vaccination status. 
n = 495.

Characteristics

Measles vaccination uptake/status

Total Fully vaccinated
Partially/
unvaccinated

P-valuen = 495 (%) 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 63 (12.7) 51 81.0% 12 19.0%
Secondary 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%
Worker 14 (2.8) 12 85.7% 2 14.3%
Officer 50 (10.1) 48 96.0% 2 4.0%
Professional (e.g., engineer) 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%

Total number 
of household’s 
members

3–4 178 (36.0) 169 94.9% 9 5.1% 0.002 *
5–6 159 (32.1) 134 84.3% 25 15.7%
7 and more 158 (31.9) 133 84.2% 25 15.8%

* Statistically significant; b = Fisher’s exact test.
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attended secondary schools (34.3%). Nearly, three-quarters of the participants (74.7%) 
were housewives. About 79.0% of the participants self-ranked their income levels as 
a medium. The majority of the participants mentioned that they have either 1 or 2 
children (44% and 45.9%, respectively). About a third of the participants reported that 
they have 3–4 members in their households.

Moreover, we found that measles vaccine uptake was highly associated with the 
mother’s employment, as self-employed mothers were more likely to get their children 
only partially vaccinated or not to get them vaccinated, followed by mothers who were 
workers and housewives (p < 0.017). The number of children was associated with 
measles vaccine uptake, as families with 3 or more children were more likely to get 
their children only partially vaccinated or not get their children vaccinated with measles 
vaccine compared to mothers with 1 child (p = 0.041), see Table 1. Families with 5 or 
more members had a lower tendency to get their children fully vaccinated than families 
with less than 3–4 members.

3.2. Pearson correlations between Measles Vaccine uptake and the socioeconomic 
Factors and Measles Vaccine hesitancy (PacV)
Pearson correlation was run to assess, firstly, the relation between the uptake of measles 
vaccine and the socioeconomic factors and measles vaccine hesitancy (PACV) and, 
secondly to assess multicollinearity between the correlates to avoid its negative effect 
on the multivariate analysis. Table 2 shows that the uptake of measles vaccine among 
children is strongly correlated with the PACV scores and the number of household 
members (r = 0.22 and 0.14; p < 0.01, respectively), weakly correlated with mother’s 
employment (r = 0.091; p < 0.05), and negatively correlated with mother’s education  
(r = -0.091; p < 0.05).

3.3. Multiple logistic regression analysis
To assess whether measles vaccine hesitancy (PACV scores) predicts the uptake of the 
measles vaccine, we ran a multivariable logistic regression model adjusting all socio-
demographic variables that were significantly associated with the uptake of the measles 
vaccine at the bivariate level. The logistic regression analysis results are presented in 
Table 3. We found that measles vaccine hesitancy (PACV scores) predicted the uptake 
of measles vaccine (b = 0.053; Wald χ2 = 16.812; p < 0.00; aOR = 1.054 (95% CI 1.028–
1.081)).
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table 3: Predictors of partial vaccination or no vaccination with measles vaccine in Khartoum state, sudan

Predictors OR (95% CI of OR) aOR (95% CI of OR) 

PACV scores 1.053 * (1.030–1.078) 1.054 * (1.028–1.081)

Age of mother 1.049 * (1.001–1.100) 1.020 (0.966–1.076)

Number of household’s members **
3–4 (ref)
5–6 3.503 * (1.582–7.757) 3.317 * (1.450–7.589)
7 and more 3.530 * (1.594–7.817) 2.528 * (1.044–7.881)

Mother’s employment
Housewife (ref)
Student 0.687 (0.086–5.491) 0.575 (0.065–5.064)
Worker 1.145 (0.249–5.279) 0.922 (0.185–4.586)
Officer 0.286 (0.067–1.217) 0.317 (0.073–1.377)
Professional (e.g., engineer, doctor) 0.215 (0.029–1.609) 0.231 (0.030–1.770)
Self-employed 4.123 * (1.432–11.870) 3.189 (0.868–11.718)

* p < 0.05, aOR = adjusted odds ratio; ref = reference category; ** the number of household members was strongly 
related to the mother’s education and the number of children (r = -0.266 and 0.219, respectively; p < 0.01), 
therefore, only the number of household members was included in the multiple regression analysis.

Figure 1: receiver operating characteristic (roc) analysis of the PacV scores for the screening of vaccine 
hesitancy.
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3.4. roc curve
The PACV’s scores were analyzed using ROC analysis to describe their ability to pre-dict 
the child’s measles vaccination uptake. The nonparametric analysis of the ROC for the 
PACV yielded an area under the curve (AUC) of 0.686 (95% CI 0.620–0.751) (p < 0.001; 
Figure 1). This reveals that the test can significantly predict measles vaccine uptake 
among children.

4. dIscussIon 
The present study aimed to assess whether measles vaccine uptake can be predicted by 
measles vaccine hesitancy (PACV scores) in two urban areas in Khartoum state. 

Our study’s findings showed that about 12% of the children (2–3 years) were either 
under-immunized, with only a single dose of measles vaccine, or unimmunized. 
This finding mirrors results from the annual statistical report in 2019, as the rate of 
receiving the first dose of measles vaccine in Khartoum state and at the national level 
was estimated at 88% [42, 45]. Our data were collected only from urban areas, which 
represent about 30% of Sudan [46]. We purposively targeted urban areas to ensure 
the relative availability of vaccines services and thus control other factors related to 
vaccine access issues. People in rural areas in Sudan are underserviced with vaccines 
services, which reflect geographical and socioeconomic inequality. Although measles 
vaccine coverages in both urban and rural areas are suboptimal at the national level, 
the number of children in urban areas who received the second dose of measles vaccine 
is 8% higher than the number of children in rural areas (85.4% and 77.5%, respectively) 
[46].

Official reports in Sudan indicate that measles is the third cause of death among children 
under 5 and the first among vaccine-preventable diseases. [45, 47]. WHO recommends 
that countries that aim to eliminate measles should achieve ≥ 95% coverage with both 
doses (i.e., the first and the second one) of all children in each district [48]. Studies from 
different African countries, including Sudan, have suggested that countries with vaccine 
access issues are far away from achieving the measles elimination goal [13–17, 29].

Importantly, our study underscored that measles vaccine hesitancy among parents 
influences the uptake of measles vaccine among children. Additionally, the nonpara-
metric analysis of the ROC for the PACV yielded an area under the curve (AUC) of 0.686 
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(95% CI 0.620–0.751) (p < 0.001). Both findings reveal that the PACV can significantly 
predict measles vaccine uptake among children. As the present study was conducted in 
a low-income context, it supports the predictive validity of the PACV in determining the 
vaccination status of children as shown in previous studies in high and middle-income 
countries [38–41].

Given the complexity of the relationship between supply-side and demand-side factors 
and measles vaccine hesitancy as suggested by previous studies in Sudan [29, 43], 
different approaches should be adopted to address vaccine hesitancy to increase the 
uptake of measles vaccine in Sudan. For the demand side, previous findings in Sudan 
have shown that parental exposure to anti-vaccine information is predicting measles 
vaccine hesitancy among them [43]. We suggest that communication strategies be 
theory and evidence based to address the behavioral determinants of vaccine hesitancy, 
such as knowledge of, beliefs about, and attitude toward measles and measles vaccine. 
In a rapidly evolving digital world, there is a need for an environment that provides the 
public and health care providers with health-related information about vaccines as well 
as addresses infodemics. Therefore, communication at the community level should be 
enhanced and sustained by using not only mass media (TV, radio, preaching in mosques, 
etc.) but also social media (websites, Facebook, Twitter, etc.).

For the supply side, one major access-related issue might be the presentation of the 
measles vaccine in multiple doses (10 doses per vial). This results in 1–2 sessions being 
conducted per week in many low-income countries to comply with the open-vial policy, 
which recommends discarding the 10-dose vial 6 hours after opening the vial if unused 
as well as to reduce vaccine wastage. Furthermore, these access issues may negatively 
affect vaccine acceptance, as parents actively trying to get their child vaccinated with 
the measles vaccine turn away when the provider refuses to open the measles vaccine 
vial [13–17, 28, 29]. Evidence from some African countries suggests that changing the 
number of doses per vials from 10 to 5 would double the number of opportunities 
to open a vial compared to its presentation in 10-dose vials [49–52]. We suggest that 
an analysis of the immunization policy as well as cost-effective analysis is needed to 
anticipate what will happen if the 10-dose vial of measles vaccine (i.e., open-vial policy) 
is shifted to a 5-dose vial in Sudan as it has succeeded in many LMIC countries [49–51].

Interestingly, although the mother’s education and the income level of the family were 
not significantly associated with the uptake of the measles vaccine, our findings showed 
that children of mothers who are not educated are twice as likely to be only partially 
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vaccinated or unvaccinated than children of mothers who had attained university 
education (21.4% and 10.1%, respectively). In addition, the proportion of partially 
vaccinated/unvaccinated children in families who reported a low income level is more 
than twice than those in families who reported a high income level (17.6% and 7.1%, 
respectively). These findings may underscore socioeconomic inequalities related to 
the uptake of the measles vaccine. In terms of intervention strategies, these lower 
socioeconomic groups should be prioritized as early target groups.

5. lIMItatIons
We acknowledge some limitations related to our study. Therefore, the study’s findings 
should be interpreted within the context of this study. One limitation was that our study 
was conducted in two urban districts in Omdurman locality in Khartoum state, which 
may have led to a selection of relatively higher-educated families, as about half of the 
female participants (50.1%) had attained university education. This rate is higher than 
the average rates for the females who are attending university (about 15% and 30% 
at the national and Khartoum-state levels, respectively) [52]. These districts also have 
a higher rate of vaccination (88%), as has been shown by our findings, which can be 
explained also by the level of education, though it was not statistically significant, as 
well as the relative availability and accessibility of vaccination services. However, less 
than half of the participants (42.8%) showed their children’s vaccination cards, which 
may underestimate the non-vaccination rate. From a gender perspective, we missed 
fathers’ perceptions and perspectives in this study, as data were collected from 10:00 
am to 5:00 pm, the working hours of most fathers. However, Sudanese mothers, as in 
many other African countries, are mostly the first persons responsible for the health 
and prevention of sickness of their children/family and should know the health situation 
best [53]; therefore, some parents preferred the mother’s participation in the study to 
the father’s participation. Given the unavailability of the data, we did not control for all 
possible confounders.

6. conclusIons
Our study findings underscored that measles vaccine hesitancy influences the uptake 
of measles vaccine and that the PACV scores predict the immunization status of 
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Sudanese children. In light of these findings, we suggest that intervening on measles 
vaccine hesitancy will have a direct impact on the uptake of the measles vaccine in 
Sudan. Improving the vaccination status of Sudanese children could be achieved by 
developing and implementing immunization communication strategies that address 
the determinants of vaccine hesitancy, which should increase the confidence in the 
measles vaccine by correcting misinformation, debunking myths and rumors about 
vaccines, and scientifically addressing the vaccine safety issues. Intervention strategies 
should prioritize parents in lower socioeconomic groups as they showed lower uptake 
of measles vaccine.
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aPPendIx a
table a1. Frequency distribution of the 15 PacV items (n = 495)

No. PACV’s items N (%)

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

Yes 89 (18.0)
No 403 (81.4)
I don’t know 3 (0.6)

2 Have you ever decided not to have your child get measles vaccine 
for reasons other than illness or allergy?

Yes 11 (2.2)
No 481 (97.2)
I don’t know 3 (0.6)

3 How sure are you that following the recommended measles 
vaccine schedule is a good idea for your child?

0–5 15 (3.0)
6–7 42 (8.5)
8–10 438 (88.4)

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

Strongly agree 16 (3.2)
Agree 20 (4.0)
Not sure 16 (3.2)
Disagree 293 (59.2)
Strongly disagree 149 (30.1)
Missing 1 (0.2)

5 I believe that measles is a severe disease. Strongly agree 306 (61.8)
Agree 171 (34.5)
Not sure 5 (1.0)
Disagree 13 (2.6)

6 It is better for my child to develop immunity by getting sick than 
to get a shot.

Strongly agree 25 (5.1)
Agree 12 (2.4)
Not sure 2 (0.4)
Disagree 222 (44.8)
Strongly disagree 234 (47.3)

7 It is better for children to get fewer vaccines at the same time. Strongly agree 56 (11.3)
Agree 58 (11.7)
Not sure 13 (2.6)
Disagree 251 (50.7)
Strongly disagree 117 (23.6)

8 How concerned are you that your child might have a serious side 
effect from a shot of measles vaccine?

Not at all concerned 206 (41.6)
Not concerned 190 (38.4)
Not sure 5 (1.0)
Concerned 60 (12.1)
Very concerned 34 (6.9)

Table A1 continues on next page.
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table a1: Continued

No. PACV's items N (%)

9 How concerned are you that any one of the measles vaccine shots 
might not be safe?

Not at all concerned 251 (50.7)
Not concerned 162 (32.7)
Not sure 18 (3.6)
Concerned 48 (9.7)
Very concerned 16 (3.2)

10 How concerned are you that a shot of measles vaccine might not 
prevent measles?

Not at all concerned 209 (42.2)
Not concerned 187 (37.8)
Not sure 17 (3.4)
Concerned 61 (12.3)
Very concerned 20 (4.0)
Missing 1 (0.2)

11 If you had another infant today, would you want him/her to get all 
the recommended (measles) shots?

Yes 483 (97.6)
No 8 (1.6)
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 283 (57.2)
Not hesitant 192 (38.8)
Not sure 3 (0.6)
Hesitant 12 (2.4)
Very hesitant 5 (1.0)

13 I trust the information I receive about measles vaccine shots. Strongly agree 241 (48.7)
Agree 237 (47.9)
Not sure 7 (1.4)
Disagree 8 (1.6)
Strongly disagree 1 (0.2)
Missing 1 (0.2)

14 I am able to openly discuss my concerns about shots with my 
child's doctor.

Strongly agree 269 (54.3)
Agree 202 (40.8)
Not sure 11 (2.2)
Disagree 11 (2.2)
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 34 (6.9)
8–10 436 (88.0)
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The ultimate goal of this research project is to address gaps in knowledge about vaccines 
hesitancy generally and particularly the measles vaccine hesitancy in Khartoum state 
in Sudan to inform the development of evidence-based interventions to increase the 
uptake of measles vaccine in Sudan. This thesis is primarily investigating the magnitude 
and determinants of measles vaccine hesitancy and its impact on measles vaccine 
uptake among children in Khartoum state, Sudan. To our knowledge, studies in this 
thesis are the first to address knowledge gaps in measles vaccine hesitancy in Sudan. 

Measles is considered the third cause of mortality among children under five and the 
first among vaccine-preventable diseases in Sudan [1, 2]. There is an inconsistency of 
the surveillance data about the measles vaccine coverage and the rate of measles in 
the last 12 years which do not represent the actual situation of measles occurrence 
and measles vaccination status in Sudan [1-6]. Sudan is one of the countries that is 
experiencing annual measles outbreaks. For instance, there were 4,978 confirmed 
cases in 2018, an increase of 649% compared to the number of measles cases in 2017 
[7]. Factors such as the political unrest and economic crisis are contributing to the 
measles burden in Sudan through the direct impact on the nutritional status of the 
at-risk groups as well as the difficulty of vaccinating children in conflict areas in Darfur, 
South Kordofan, and Blue Nile states [8]

All vaccines are provided at the same health services facilities, however, the national 
vaccination coverage of the measles vaccine is the lowest (the first and the second dose 
of measles-containing vaccine are 88% and 72%, respectively) when compared with 
other vaccines like polio and pentavalent vaccines that have national coverage of 95% 
[4]. 

This thesis specifically addresses four objectives: 1) identifying, measuring, and 
quantifying measles vaccine hesitancy among Sudanese parents (Chapter 3), 2) assessing 
determinants of measles vaccine hesitancy among parents in Sudan (Chapter 2 and 4), 
3) examining the effects of vaccine hesitancy on uptake of the measles vaccine (Chapter 
5), and 4) developing a web-based intervention (Tat3im initiative website) to increase 
vaccine uptake including measles vaccine in Sudan (Chapter 6). In this final chapter, we 
discuss the findings of this research and provide recommendations and suggestions for 
future research and program development. 
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Reflection of the main findings

Identifying and measuring measles vaccine hesitancy among parents
The need for a valid and reliable measure to detect and quantify vaccine hesitancy is 
widely recognized, but there was no consensus on what such a measure would look like 
due to debates regarding the concept of vaccine hesitancy [9-13]. Additionally, these 
measures, including the Parent Attitudes About Childhood Vaccines Survey (PACV) 
and the Vaccine Hesitancy Scale (VHS), were developed for high-income countries, so 
they have not been validated in Africa [10, 12]. In this regard, Chapter 3 presents our 
contribution in which we aimed at evaluating the validity and reliability of the vaccine 
hesitancy scale (VHS) which is adapted in Sudan to measure measles vaccine hesitancy 
and named as adapted Measles Vaccine Hesitancy Scale (aMVHS). The vaccine hesitancy 
scale (VHS) was originally developed by the WHO/SAGE Working Group of Vaccine 
Hesitancy. However, we used recommendations from previous validation studies that 
used VHS in different settings to inform the adaptation of this scale in Sudan [14-16]. 
Despite the aMVHS and its confidence and complacency sub-scales being found as 
reliable and having a moderate convergent validity, however, it shows a limitation in 
predicting the concurrent vaccination status of children. 

As vaccine hesitancy is well studied in high-income countries and revealed to impact 
negatively on vaccine uptake and largely on vaccine demand, which consequently 
affects the level of vaccines coverage in these settings, we importantly aimed in our 
subsequent studies to understand and to evaluate this hypothesized impact in Sudan. 
Therefore, because of its limitation in predicting vaccination status, we refrained from 
using this aMVHS. Instead, we used the Parents Attitude concurrent child’s vaccination 
status about Childhood Vaccination (PACV) scale, which is reliable and can predict the 
concurrent child’s vaccination status, to measure measles vaccine hesitancy. The PACV 
scales could identify only less than 5% hesitant parents. However, as we indicated 
that the vaccine hesitancy as a concept and definition is much debated in Chapter 1. 
Therefore, we used the PACV’s items to describe the magnitude of vaccine hesitancy. 
These items are categorized in three subscales, immunization behavior (items 1 and 2), 
perceived safety and efficacy (items 7– 10), and general attitudes and trust (items 3–6 
and 11–15) [9, 17]. Accordingly, Chapter 4 shows a significant proportion of participants 
(about 1 in 5 parents) have risk perception about the measles vaccine (i.e. Concerns 
about measles vaccine safety, efficacy, and the number of vaccines that child got at the 
same session). Additionally, less than one-fifth of the respondents (18%) reported they 



Chapter 7

120

had delayed the measles vaccine for reasons other than illness or allergy. The latter 
behavior proportion is consistent with evidence from a recent study in Nigeria, where 
about 17.6% of parents were complacent and stated that they delayed or refused 
childhood vaccination for reasons other than illness or allergy [18], but contrasts the 
findings of low proportion of vaccine-hesitant parents in other studies in Malaysia (7.9%) 
and United Arab Emirates (12%) [19, 20]. In light of this high proportion of hesitant 
parents with various drivers of hesitancy, it is crucial to address their concerns about 
measles vaccine including the safety, efficacy, and the number of vaccines that child got 
at the same session, since even small groups of individual can seriously undermine a 
vaccination program. 

Assessment of determinants of measles vaccine hesitancy and examining its influence 
on uptake of measles vaccine
Vaccine hesitancy was described by SAGE/WHO as “complex and context-specific, 
varying across time, place and vaccines.” Given this complexity, SAGE developed two 
models of determinants of vaccine hesitancy; the easiest one is the “3Cs” model which 
includes Complacency (perceived risks of vaccine-preventable diseases are low and no 
vaccines are needed), Convenience (to access issues and constrains), and Confidence 
(i.e. level of trust in a vaccine).In addition to the more comprehensive “Working Group 
Determinants of Vaccine Hesitancy Matrix” which characterizes the complexity of the 
contextual, individual, and group and vaccine /vaccination-specific influences. We used 
both of these two models in our thesis to further insights into the determinants of 
measles vaccine hesitancy. Moreover, we investigated the perspectives of both, the 
parents as well as the Expanded Program on Immunization (EPI) officers/experts and 
front-line vaccine providers. In recent years, Betsch et al suggested “5C” model by dding 
two “Cs” to the “3Cs”. These “2Cs” included calculation, which defined as “individuals’ 
engagement in extensive information searching” and collective responsibility, which 
refers to “the willingness to protect others by one’s own vaccination by means of herd 
immunity” [13]. Findings in (Chapter 3) showed a majority of parents perceived the 
importance of having their children vaccinated with measles vaccine for the health 
of others in the community. Another study in Sudan showed that a third of pregnant 
women searched for information about vaccines, particularly during pregnancy [21]. 
These two findings highlight a need for more research to test the other two “Cs” in 
Sudan.   
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One of the distinct drivers to delay or refuse the measles vaccine, which is indicated by 
the parents is that they perceived access issues such as uncooperative vaccine providers 
and unavailability of measles vaccine whenever they go to the health facilities (Chapter 
4). These parental perceptions about access issues were supported by the EPI managers 
and vaccinators indicating that the mode of measles vaccine delivery is one of these 
access issues associated with the hesitancy towards measles vaccine. This happens 
especially when parents are actively trying to vaccinate their child with the measles 
vaccine, but they are turned away when the vaccinator refuses to open the measles 
vaccine vial to comply with the open vial policy.

Studies from similar settings in African countries have highlighted the role of vaccine 
access issues (perceived or real) in vaccine acceptance and demand. One of these access 
issues is the reluctance of healthcare providers to open a 10-dose vial in situations if 
immunization sessions have less than 6–8 infants in the clinic, which is attributed to 
fear of a high wastage rate. This vaccine wastage is used as an indicator to measure job 
performance, as well as fear of stock out for future sessions [22]. Although this practice 
can reduce vaccine wastage, it is associated with a missed opportunity for vaccination, 
passive vaccine hesitancy, and ends with low uptake of the measles vaccine [23, 24].

However, this practice contradicts the WHO policy, which states that a vaccine vial should 
be opened anytime, even if only one eligible child is present for vaccinations, irrespective 
of the number of doses in the vaccine vial. This policy aims to increase vaccine uptake. 
Nevertheless, health workers may feel obliged to balance between his concerns of 
vaccinating one child with the potential of having measles vaccine stock out [24].

Importantly, this thesis highlighted the role of low socioeconomic statuses such as the 
larger size of families (i.e. including the number of children under 5 years, the rank of the 
child who is aged 2–3 years) and age of mothers in predicting either vaccine hesitancy 
(Chapter 4) or uptake of measles vaccine (Chapter 5) in Sudan. This thesis did not show 
a significant association between the mother’s education and the income level of the 
family with both, the measles vaccine hesitancy and the uptake of the measles vaccine. 
However, our findings revealed that mothers who are not educated, their children are 
twice as often only partially vaccinated or unvaccinated at all compared to mothers 
who attained university education (21.4% and 10.1%, respectively). Additionally, the 
proportion of partially vaccinated and unvaccinated children is more than twice as 
high as in families who reported a low-income level compared to those who reported a 
high-income level (17.6% and 7.1%, respectively). All these findings underscore socio-
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economic inequalities related to measles vaccine hesitancy and the uptake of the 
measles vaccine. 

Studies from African contexts also showed that low uptake of childhood vaccination is 
more common in individuals with a lower socioeconomic status [25-29]. Others found 
that the mother’s educational level and a larger size of the family were associated 
with missing the second dose of the measles vaccine in Tanzania [26]. Parents tend 
to become hesitant about routine vaccines with increasing birth order and increasing 
child age in Kenya, Malawi, and Ethiopia [31]. Again, another study in five LMICs 
countries, however, found no differences in vaccine hesitancy according to the mothers’ 
educational level [32]. The influence of exposure to vaccine information on vaccine-
related decisions and vaccine hesitancy has also been studied, as parental exposure to 
pro-vaccine information might decrease vaccine hesitancy [33, 34].

Sudan is categorized as a low-income country, therefore, broad interventions such as 
enhancing access to mothers’ education, or improving families’ income level which 
might have a great impact on measles vaccine hesitancy and the vaccine uptake are 
not easily applicable. However, communication strategies can be developed and should 
prioritize these lower socio-economic groups as early target groups

The EPI managers and the vaccinators (Chapter 2) agreed on the presence of people 
(parents/guardians) who can be qualified as “anti-vaccination”; they mostly belong 
to religious groups, especially to the ‘Ansar Al-Sunna’ group, and they often refuse all 
kinds of vaccines. Their refusal is attributed to blaming the manufacturing countries 
claiming a conspiracy by Jews and Freemasons. Historically, this claim started as a Fatwa 
(a religious-legal response) in Sudan about prohibiting the vaccination of children that 
was issued in 2007 by the leader of Sudan’s Muslim Brotherhood, Sadeq Abdallah Abd 
Al-Majed, who made this claim after framing the Darfur crisis in western Sudan as an 
American conspiracy. However, we noted that members of religious groups were not 
well-defined by the participants (Chapter 2), as most Sudanese people use the term 
Ansar Al-Sunna interchangeably to describe any Salafists (i.e. individuals with ideologies 
which range from moderate to extremist (fundamentalism) Salafism). Therefore, further 
study is needed to determine the population of interest and to further assess their 
religious concerns for future intervention. 

The findings of studies presented in Chapters 2 and 4 showed how complex measles 
vaccine hesitancy is in Sudan with perceived causes and consequences. As well, Chapter 
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5 underscored that measles vaccine hesitancy impacted negatively on the uptake of 
the measles vaccine. In light of these findings, negative beliefs and attitudes of people 
(parents/guardians) are important, however, vaccination program aspects should not 
be neglected. Since some parents most probably still value and have access issues 
(perceived or real) to vaccines, vaccination may be a low priority for them due to socio-
economic pressures or busy lives as in many other countries in the region [35-37]. 

In Sudan, only 60% of the population had access to sustainable immunization services 
as reported in 2012. To reach underserved individuals and communities, the Federal 
Ministry of Health developed three policies: providing fixed, outreach, and mobile 
strategies, adopting communication strategies that address vaccine hesitancy and 
enhance community demands for vaccines, and considering a vaccination certificate 
as a pre-requisite document for school entry [38]. In line with these policies, our 
findings suggest that changing the open vial policy (shifting from 10 to 5 doses per 
vial) for measles vaccine will improve access to measles vaccine in Sudan and thus will 
increase vaccine coverage as revealed by previous studies in different countries [39-
41]. Moreover, interventions such as facility-based (hospitals and primary healthcare 
centers) opportunistic immunization and following up and reminding parents about due 
immunizations or facilitating time off work for parents and using the reminding system 
to remind the parents about the next doses of the vaccine are well experienced as 
effective approaches and impacted on improving vaccine uptake as well as reducing the 
inequity in the uptake of the measles vaccine [42-44].

Addressing vaccine hesitancy and confidence issues related to the vaccine through 
the development of the Tat3im initiative website
Although the term “infodemiology/infodemic” was first introduced in 2002 by 
Eysenbach, it drew great attention and its importance has been acknowledged by the 
WHO during the COVID-19 pandemic in early 2020 [45]. Infodemic is described as ‘an 
overabundance of information, both online and offline [45-47]. In light of the COVID-19 
crisis and the absence of trusted online sources of reliable information in Sudan, 
news and social media served as sources of rumors, (mis)information, and myths that 
circulated in the communities. This infodemic doubled the burden of immunization 
in LMICs which are already suffering from access to immunization. Now, false or 
misleading information impacts negatively on the public confidence in vaccines and 
consequently the uptake of these vaccines. Within the evolving digital world, there is a 
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need to create an environment that provides the public and the health care providers 
with knowledge about vaccines and their role in health as well as addressing infodemic. 
Such environments require using evidence not only from vaccinology but also evidence-
based communication strategies.

In 2012, adopting communication strategies was considered as one of the policies of the 
Ministry of Health in Sudan to address vaccine hesitancy and to enhance community 
demands for vaccines. Our findings showed that parental exposure to anti-vaccine 
information is predicting measles vaccine hesitancy among them. Evidence from 
different contexts showed that vaccine communication through e-health tools such 
as mobile phones and websites can be effective interventions for improving vaccine 
acceptance and demand [48-51].

We established the first website that provides information in the Arabic language 
about vaccine, immunization, and vaccine-preventable diseases in Sudan in January 
2021 which is called the “Tat3im initiative” website (Tat3im=immunization). It aims 
to increase the uptake of vaccines in Sudan by increasing knowledge and addressing 
issues related to vaccine hesitancy and vaccine safety. In Chapter 6, we described the 
processes that we followed to develop and improve this website in Sudan including the 
creation of its content. 

We found that using available evidence (from this thesis and the existing body of 
research) as well as combining the VSN’s criteria and previous research findings in the 
five planes of Garrett’s framework enabled us to cover many essential elements of user 
experience and to address issues related to the website’s strategy and content. We think 
that with the increasing use of the internet and mobile technology and applications 
(apps) in Sudan in different sectors as well as emerging skepticism and hesitancy 
towards COVID-19 and its vaccine, we think this website is timely and important. As 
well, this chapter is providing practical tips and guidance to others who are interested 
in developing similar digital initiatives to address public health problems in our region. 

Given the current evolving COVID-19 pandemic worldwide and particularly in Sudan, 
where, the vaccination services that provide routine vaccines including the measles 
vaccine have been disrupted for a while, along with reports of increasing an infodemic 
and hesitancy towards COVID -19 vaccines in Sudan have challenged the rate of uptake 
of measles vaccines in Sudan. 
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Despite vaccine hesitancy is vaccine and context specific, there are many lesson-learned 
from our study about measles vaccine hesitancy can help and guide future research and 
interventions to increase COVID-19 vaccine acceptance and uptake.  

Firstly, concerning research about COVID-19 vaccine, for the first time, this thesis 
assesses vaccine hesitancy in Sudan and its impact on vaccine uptake. A significant 
contribution to knowledge is that we have validated and translated into the Arabic 
language three tools widely used in measuring vaccine hesitancy, including the Vaccine 
Hesitancy Scale (VHS), the Vaccine Confidence Index (VCI), and the Parental Attitude 
towards Childhood Vaccination (PACV) scale. These tools now can be used to measure, 
identify and quantify COVID-19 vaccine hesitancy in Sudan in addition to use SAGE/WHO 
models to examine factors that drives this hesitancy to inform tailored interventions. A 
recent report by CDC Africa showed that 7 in 10 persons considered COVID-19 and 
other vaccines are important, but only 1 in 2 considered the COVID-19 vaccine is safe 
and effective in Sudan [52]. 

Secondly, this thesis underscored the negative role of the access issues (perceived or real) 
especially that are related to the number of doses per vial in driving vaccine hesitancy 
among parents who are actively seeking to get their children vaccinated, but vaccinators 
refuse to open a new vial. Similarly, the emerging trends of vaccine nationalism among 
the high income countries (e.g. more than 72% were fully vaccinated and more than 
55% were vaccinated with the booster dose of COVID-19 vaccine in UK) caused multiple 
vaccine supply challenges, which led to vaccine inequity for the low income countries 
including Sudan (only 3.2% were vaccinated with the second dose of COVID-19 vaccine) 
[53]. It is argued that vaccine confidence is not only an issue of trusting vaccines as 
product, but also the processes around vaccines, including transparency and fair of 
vaccine distribution. [54]. Although the COVAX facility, an initiative led by GAVI, UNICEF 
and WHO and other partners, pledged to cover more than one billion by the end of 
2021, however, it failed to due to multiple factors including the wealthy nations hoard 
the lion’s share of supply. Therefore, more investment and bilateral relation are required 
from the Sudanese government to enhance the access to the COVID-19 vaccine, which 
is challenging within the current political unrest and economical crisis.

Importantly, Tat3im Initiative’s website that we developed in Sudan can play an 
important role in promoting the use of the COVID-19 vaccine and timely combating the 
infodemic and debunking rumors about the COVID-19 vaccine.  
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implications and Recommendations foR 
ReseaRch, policy, and pRactice

Implication on future research
Our findings underscored the role of access issues in measles vaccine hesitancy, therefore 
future research should focus on public health policy and program issues. For instance, 
analysis of the public health impact and the economic impact (e.g. cost-effectiveness) 
of shifting from ten doses of measles vaccine per vial to five doses per vial. 

Future research should preferably focus on looking separately at those not vaccinated 
at all to better understand their reasons behind this behavior. For example, our study 
showed that some individuals can be qualified as “anti-vaccination”. They mostly belong 
to religious groups, especially the Ansar Al-Sunna group, and they often refuse all 
vaccines. Most Sudanese people use the term Ansar Al-Sunna to describe any Salafists 
(i.e. interchangeably). Therefore, research is needed for identifying those refusers, their 
concerns, and which groups they belong to, to develop tailored interventions.  

As we studied vaccine hesitancy in the urban population, which has nearly 50% of 
highly educated individuals, and are relatively enjoying the availability of vaccination 
services in their place, there is thus a high need to study vaccine uptake in rural and 
more vulnerable populations and populations where vaccine availability is an issue.

Implication on programs and policy
There is a crucial need to address issues related to the measles vaccine schedule 
including a reminder system for parents that includes recalls and text messages or 
through the application of notifications. This will enable and motivate parents who 
unfortunately were turned away or who forgot to bring the child back for the 9th and 
18th-month doses. 

At the same programs level, shifting the opened-vial policy from ten doses of measles 
vaccine per vial to five doses per vial is needed to reduce the missed opportunity to the 
measles vaccine. This will help in achieving maximum utilization of every dose in a vial, as 
health care workers can care for open vials, and potentially be more active with community 
outreach and communication to ensure optimal attendance and timely immunization. 

Ministry of Health and its partners including UNICEF, WHO, and GAVI should focus on 
assessing the trade-offs between cost and immunization systems impact when choosing 
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dose per container. The knowledge gap in the cost-effectiveness and public health 
impact of this shifting can be addressed through research as we recommend. 

Implication on communication strategy
Communication strategies should focus on addressing different beliefs, perceptions, 
and misinformation about measles as a disease and measles vaccine by using 
different communication approaches at different levels. Vaccine communication at the 
community level should be enhanced and sustained to address common misinformation 
and beliefs about vaccines generally with a focus on measles vaccine by using different 
communication channels such as mass media (i.e. TV, Radio, Preaching in mosques) 
and social media (i.e. websites, Facebook, Twitter). We recommend developing theory 
and evidence-based interventions to address the behavioral determinants of vaccine 
hesitancy such as knowledge, beliefs, and attitude about measles and measles vaccine. 
For example, when developing any internet-delivered interventions (i.e. Social media, 
websites, mobile phone application), Garrett’s user experience framework can be very 
useful to guide developing such interventions. Another example of useful framework 
that can be considered when planning health promotion interventions is the Intervention 
Mapping (IM) protocol. IM is an approach for developing theory and evidence-based 
behavioral change interventions. It’s six steps approach serves as a practical guide that 
describes an iterative path from assessing a problem to problem alleviation or solving. 
Each of these six steps of IM includes several tasks when completed will yield a product 
that will guide for the subsequent step [55].

With the increasing use of smart phones in Sudan, there is a great opportunity to reach a 
large number of people at low costs. We recommend that the Ministry of Health and its 
partners such as UNICEF and WHO support and encourage the existing communication 
initiatives and networks. For instance, the website that we developed (Tat3im Initiative) 
contributed with the Ministry of Health and its partners in developing and delivering 
many communication messages through the website and its Facebook page. Ministry 
of Health and its partners can use such trusted digital platforms to communicate with 
people who have low confidence in the governmental bodies. 

On the other hand, Frontline Health Workers (FLWs) who vaccinate children at the health 
centers are among the most influential sources of information for parents to influence 
their vaccination behavior. They should be well trained in using the Interpersonal 
Communication for Immunization (IPC/I) package to address the concerns and 
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misinformation of parents about the vaccine. This package was developed by UNICEF as 
a comprehensive package of 12 different components that would be broadly applicable 
to FLWs and immunization programs worldwide [56]. This communication package can 
also can be adapted considering the immunization and communication context in each 
country. 

conclusions
This thesis provided insights into the drivers and social and behavioral predictors that 
influence measles vaccine hesitancy among Sudanese parents. In light of the findings, 
“anti-vaccination” individuals were identified as belonging to some religious, ethnic, 
and social groups as they often refuse all vaccines. Additionally, our findings show that 
a significant proportion of participants (about 1 in 5 parents) have risk perceptions 
about the measles vaccine, i.e. concerns about measles vaccine safety, efficacy, and 
the number of vaccines that the child gets at the same session. Additionally, less than 
one-fifth of the participants (18%) have delayed the measles vaccine for reasons other 
than illness or allergy. Predictors of measles vaccine hesitancy among parents include 
behavioral factors such as exposure to anti-vaccination information or campaigns, 
perception about the effectiveness of measles vaccines as well as social factors including 
the age of the mother, number of children, and the rank of the child in the family.

Moreover, the results detailed the influence of this hesitancy among parents on the 
uptake of the measles vaccine in their children. Additionally, the findings remarkably 
contributed to the development of a web-based intervention to address vaccine 
hesitancy issues as well as vaccine safety. Our findings showed how complex measles 
vaccine hesitancy is in Sudan with perceived causes and consequences. Understanding 
and addressing negative beliefs and attitudes of people (parents/guardians) are 
important but practical and access issues related to measles vaccination sessions 
should be addressed as well. Future research should focus on identifying the vaccine-
hesitant and anti-vaccination groups to address their concerns, as well as assessing the 
economic and public health impact of changing the measles vaccine presentation (from 
10 to 5 doses per container).
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Official reports in Sudan indicate that measles is the third cause of death among 
children under five and the first among vaccine-preventable diseases. Data show an 
inconsistency between the measles vaccine coverage and the rate of measles in the 
last 12 years, which led to questioning the validity of reported data and also suggest 
the emergence of more measles vaccine hesitancy. Sudan is one of the countries that 
is experiencing measles outbreaks annually. There were 4,978 confirmed cases in 2018, 
an increase of 649% compared to the number of measles cases in 2017.

The national vaccination coverage of the measles vaccine is suboptimal for the first and 
the second dose of measles-containing vaccine (88% and 72%, respectively), especially 
when compared to the other vaccines that are provided at the same health services 
facilities, such as the pentavalent vaccine (DTP-HepB-Hib) and the Poliomyelitis vaccine 
(OPV) for which 95% of the children are vaccinated. 

There is a gap in knowledge regarding the reasons behind this low coverage of the 
measles vaccine in Sudan. Therefore, studies in this thesis used a mixed methods 
approach to address research gaps in vaccine hesitancy generally and particularly 
measles vaccine hesitancy in Khartoum state in Sudan. The ultimate goal of this project 
is to inform future policies to increase the uptake of the measles vaccine in Sudan.

Chapter 2 presents in-depth interviews among the Expanded Program on Immunization 
(EPI) officers at the ministry of health, WHO, UNICEF, and frontline providers of vaccines 
at Khartoum-based primary healthcare centers. This study aims to understand in-
depth the determinants of measles vaccine hesitancy in Sudan from the perspectives 
of these stakeholders. The participants could identify various determinants of measles 
vaccine hesitancy that were grouped into three domains including contextual, groups, 
and vaccination influences. The main contextual determinant as reported by these 
stakeholders is the presence of people who can be qualified as “anti-vaccination”. They 
mostly belong to particular religious and ethnic groups. Parents’ beliefs about prevention 
and treatment from measles are the main determinants of the group influences. The 
attitude of the vaccine providers, the measles vaccine schedule, and its mode of 
delivery were the main vaccine-related determinants. Measles vaccine hesitancy in 
Sudan appears complex and highly specific to local circumstances. Therefore, to better 
understand the magnitude and the context-specific causes of measles vaccine hesitancy 
and to develop adapted strategies to address them, we suggested further research to 
investigate measles vaccine hesitancy among parents.
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Chapter 3 examines the validity and reliability of an adapted version of the measles 
vaccine hesitancy scale (aMVHS) by assessing its items’ consistency and its ability to 
predict the concurrent status of the measles vaccine uptake among children in Sudan. 
The vaccine hesitancy scale (VHS) was originally developed by the WHO/SAGE Working 
Group of Vaccine Hesitancy. We conducted this study to facilitate identifying and 
quantifying hesitant parents towards the measles vaccine in Sudan. Our findings showed 
that the aMVHS and its confidence and complacency sub-scales are reliable and have a 
moderately good convergent validity. However, the aMVHS has a limitation in predicting 
the concurrent child’s vaccination status. More work is needed to revise and amend 
this aMVHS, particularly by additionally including the ‘convenience’ construct and by 
further evaluating its validity in other contexts.

Chapter 4 presents a community-based study conducted to assess measles vaccine 
hesitancy and characterize its determinants among Sudanese parents in Omdurman 
in Khartoum state. In this study, we used the Parents Attitude about Childhood 
Vaccination (PACV) scale to measure measles vaccine hesitancy. Our findings showed 
that the majority of respondents perceived the measles vaccine as important, effective 
and safe. However, some have risk perceptions about the measles vaccine as well as 
having practical and access issues related to measles vaccination sessions. As exposure 
to anti-vaccine information is predicting measles vaccine hesitancy among parents, 
investment in vaccine communication will most likely be a cost-effective intervention 
for measles vaccine acceptance and demand. As well, changing the open vial policy for 
measles vaccine will improve access to measles vaccine in Sudan and thus will increase 
vaccine coverage.

Chapter 5 examines the influence of measles vaccine hesitancy among parents on 
uptake of the measles vaccine by their children in Sudan. In this community-based cross-
sectional study, we aimed to evaluate whether the measles vaccination status of children 
can be predicted by measles vaccine hesitancy among their parents. Measles vaccine 
uptake was measured as either fully vaccinated (i.e. two doses) or partially (i.e. single 
dose)/not vaccinated. We used the Parents Attitude about Childhood Vaccination scale 
(PACV) to measure measles vaccine hesitancy as the main independent variable. Our 
findings explained that measles vaccine hesitancy directly influences the uptake of the 
measles vaccine. Therefore, we suggested that developing communication strategies and 
revisiting immunization policies related to the measles vaccine are needed to address 
vaccine hesitancy and thus increase the uptake of the measles vaccine in Sudan.
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Chapter 6 describes the processes that we used to develop and improve a web-based 
intervention called the Tat3im initiative website. This website aims to increase the 
uptake of vaccines in Sudan by increasing knowledge and addressing issues related 
to vaccine hesitancy and vaccine safety in the Arabic language. The development 
processes were informed by using and combining three sources including, Garrett’s user 
experience framework as a basis for the development, Vaccine Safety Net’s criteria for 
good information practices (i.e. credibility, content (quality and quantity), design and 
accessibility criteria), and previous relevant research that assessed the local context in 
Sudan. We found that using available evidence as well as combining the VSN’s criteria 
and previous research findings in the five planes of Garrett’s framework enabled us to 
cover many essential elements of user experience and to address issues related to the 
website’s strategy and content. We suggest using social marketing to promote the use 
of this website as well as monitoring and evaluating the website and users’ experience 
using different approaches such as visitor traffic and qualitative measures.

Chapter 7 summarizes and discusses the main findings of this thesis, elaborates on 
implications, and presents recommendations for research, policy, and practice. We 
specifically described how we addressed the four objectives of the thesis including: 
1) identifying, measuring, and quantifying measles vaccine hesitancy among Sudanese 
parents (Chapter 3), 2) assessing determinants of measles vaccine hesitancy among 
parents in Sudan (Chapter 2 and 4), 3) examining the effects of vaccine hesitancy on 
uptake of the measles vaccine (Chapter 5), and 4) developing a web-based intervention 
(Tat3im initiative website) to increase vaccine uptake including measles vaccine in Sudan 
(Chapter 6). In conclusion, we noted that the problem of measles vaccine hesitancy is 
complex in Sudan with perceived causes and consequences. Therefore, we recommend 
addressing not only the negative beliefs and attitudes of people but also practical and 
access issues related to measles vaccination sessions, such as changing the number of 
doses per container from ten to five.
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This thesis provides insights into the drivers and the predictors of measles vaccine 
hesitancy among Sudanese parents. Results underscored how measles vaccine hesitancy 
among parents can itself predict the uptake of the measles vaccine by their children. 
Importantly, the findings contributed to the development of a web-based intervention 
to address vaccine hesitancy-related issues. Our findings showed how complex measles 
vaccine hesitancy is in Sudan with perceived causes and consequences. Negative beliefs 
and attitudes of people (parents/guardians) are important, but vaccination program 
aspects should also be addressed. 

Studies in this thesis are the first to assess the determinants of measles vaccine hesitancy 
in Sudan as well as evaluate its impact on the uptake of measles vaccine in Sudan. One 
of the contributions to knowledge in literature is that we could validate and translate 
to the Arabic language three tools that are widely used to measure vaccine hesitancy 
including the Vaccine Hesitancy Scale (VHS), the Vaccine Confidence Index (VCI), and 
the Parental Attitude towards Childhood Vaccination (PACV) scale. 

The thesis highlighted the negative role of the access issues (perceived or real) especially 
that are related to the number of doses per vial in driving vaccine hesitancy among 
parents who are actively seeking to get their children vaccinated. The reluctance of 
healthcare providers to open a 10-dose vial in situations if immunization sessions that 
have less than 6–8 infants in the clinic is attributed to fear of a high wastage rate. Although 
this practice can reduce vaccine wastage, it is associated with missed opportunities 
for vaccination, passive vaccine hesitancy, and ends with low uptake of the measles 
vaccine. We recommend that policy should be revisited to consider changing the dose 
per container for reducing related vaccine hesitancy and hence improve the measles 
vaccine coverage.

Findings of these studies target the decision-makers in the Expanded Program on 
Immunization and the Directorate of Health Promotion in the Ministry of Health, as 
well as UNICEF who are responsible for vaccine communication, and WHO that serves 
as a technical supporter of the Ministry of Health in different matters related to 
immunization. Moreover, other stakeholders with a mission that is oriented towards 
immunization, such as the Sudanese Pediatrician Association can use these findings to 
develop their activities.

As Sudan is categorized as a low-income country, the contextual and social factors 
that influence measles vaccine hesitancy and the vaccine uptake can’t be changed or 
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modified easily. Therefore, we initiated the development of an evidence-based and 
innovative intervention to address vaccine hesitancy in Sudan. We then established a 
web-based intervention called the “Tat3im initiative” (Tat3im = Immunization in the 
Arabic language) that was developed as part of this thesis in January 2020. It was the 
first website in Sudan that provides information about the vaccine, immunization, and 
vaccine-preventable diseases in the Arabic Language. 

The website was endorsed after three months of its establishment by the WHO-led 
project, Vaccine Safety Net (VSN) as a trusted source of reliable information about 
vaccine safety. In this regard, VSN requested our website in December 2020 to translate 
different materials to the Arabic language including COVID-19 vaccine materials for a 
website (CANVAX) which is managed by the Canadian Association of Public Health. 

At the local level in Sudan, this website and its page on Facebook serve in raising 
awareness about polio during the polio outbreak in August 2020. The website (Tat3im 
initiative) was invited by the Directorate of Health Promotion at the Federal Ministry of 
Health to participate in promoting vaccination campaigns against polio. Again, at the 
beginning of the deployment of the COVID-19 vaccine in Sudan in February 2021, the 
initiative was invited to be part of the national sub-committee of Risk Communication 
and Demand Generation for the COVID-19 vaccine. Increasingly, since the website has 
been established less than two years ago, now more than five thousand visitors per year 
visit the website from various countries.
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