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Abstract

:

Background: Malaria infection remains one of the leading causes of death in sub-Saharan Africa. Over the years, several measures have been implemented for the prevention of malaria, including vector control with insecticide-treated nets, indoor residual spraying, and seasonal or traveling prophylactics. In 2021, the World Health Organization (WHO) approved the use of the malaria vaccine in children. We conducted a cross-sectional survey study in three sub-Saharan African countries—Uganda, Ghana, and Nigeria—to assess public awareness of the malaria vaccine among the residents of these countries. Method: A cross-sectional, web-based survey was conducted between time January 2022 and April 2022 using Qualtrics® software (Version number: April 2022; Qualtrics, Provo, UT, USA). A total of 3896 responses were analyzed using SAS OnDemand for Academics software. Linear regression model was used to assess the relationship between the demographic characteristics and awareness of the malaria vaccine, using a level of significance (alpha) of 0.05. Result: Overall, there was significant association between the level of education and public awareness of the malaria vaccine in each of the countries studied. Gender and place of residence were associated with awareness in Nigeria and Uganda, while younger respondents were more likely to be aware of the malaria vaccine in Ghana. Conclusion: Given the negative impact of lack of awareness and knowledge, misinformation and conspiracy theories on immunization programs, public health campaigns preceding the population-wide roll-out of the novel malaria vaccine should target the less-educated, and those residing in more rural areas, while assuring equitable access to the malaria vaccine across sub-Saharan Africa.
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1. Introduction


Malaria is an infectious disease of enormous public health importance, particularly in sub-Saharan Africa. It is caused by Plasmodium parasites transmitted to humans through the bites of infected female Anopheles mosquitoes. Reports from the World Health Organization (WHO) indicate that, in 2020, malaria was responsible for 627,000 deaths worldwide, out of which the WHO sub-Saharan Africa region accounted for about 96% [1].



For a more effective control of malaria, RTS, S/AS01, a four-dose malaria vaccine was approved for use by the WHO in October 2021 following a phase III efficacy trial in seven sub-Saharan African countries [2,3]. The four-dose schedule demonstrated 25.9% efficacy (95% CI, 19.9 to 31.5) in a cohort of 6537 children between the ages of 6–12 weeks and 36.3% (95% CI, 31.8 to 40.5) among a study population of 8922 5–17 month-old children, with clinical malaria. The first three doses are administered intramuscularly at 5–9 months, while the fourth dose is recommended at 15–18 months of age [3]. During the pilot study in Ghana, the malaria vaccine was found to prevent approximately 4 in 10 malaria cases and 3 in 10 life-threatening severe malaria cases [4].



While anticipating the country-level roll-out of the distribution and administration of the malaria vaccine in sub-Saharan African countries, we conducted a cross-sectional survey with the aim of assessing the level of public awareness of the malaria vaccine among residents of sub-Saharan African countries, specifically Uganda, Ghana, and Nigeria.



1.1. Uganda


In Uganda, malaria is highly endemic in approximately 95% of the country which corresponds to approximately 33 million exposed individuals in the population [5]. According to the World Health Organization 2021 report, Uganda accounted for 3.5% of the deaths by malaria globally [6].



There are three ongoing strategic control interventions that have been implemented since 2014 to curb malaria infection and transmission. These include long-lasting insecticide-treated bed nets; indoor residual spraying and larval source management; and drug therapy for more efficient disease treatment [7]. In 2004, increasing treatment failure observed with chloroquine/sulfadoxine treatment resulted in a change in the treatment policy to artemisinin-based combination therapy as the first-line treatment for uncomplicated malaria, which has played a key role in curbing the disease burden [7]. However, there is emerging evidence of artemisinin-resistant P falciparum in Africa [8], necessitating a more effective strategy for reducing the malaria burden.




1.2. Ghana


Malaria is endemic in Ghana with a perennial pattern of peak and seasonal variations relative to the geographic regional location [9]. According to the WHO 2021 report, Ghana accounted for 2.1% of all malaria cases and 1.9% of deaths from malaria globally, in 2020 [6].



There have been major attempts over the decades to address malaria morbidity and mortality through national policies. In 1999, the Roll Back Malaria project was mainly launched to make treatment and preventive strategies of malaria nationally available, culminating in the development of the first National Malaria Strategic Plan (2000–2010), with the aim of reducing specific morbidity and mortality by 50% by the year 2010 [10,11]. This signaled the introduction of new and effective interventions such as the treatment of uncomplicated malaria using artemisinin-based combination therapy, malaria prevention in pregnancy using sulfadoxine/pyrimethamine and indoor residual spraying of insecticide.



The strategic plan for 2014–2020 had the overall goal of reducing the malaria morbidity and mortality burden by 75% by the year 2020, which was interestingly realized [9,12]. The main priority program areas included strategies for prevention; diagnosis and treatment; and surveillance, monitoring, and evaluation.



In 2019, the malaria vaccine pilot was officially rolled out in Ghana as one of three countries (along with Kenya and Malawi) where the RTS,S, vaccine was made available to children up to 2 years of age [4]. The phased malaria vaccine is currently administered in selected areas where the proportion of people infected with malaria is at least 20%, childhood vaccination is high, and there are adequate numbers of children at the right age to receive the vaccine. The regions currently enrolled include Brong Ahafo, Central and Volta regions and other upper east regions.




1.3. Nigeria


Nigeria has the highest burden of malaria (26.8%) in Africa [1]. Accounting for 31.9% of malaria deaths in 2020, Nigeria is the highest contributor to malaria mortality; with 80% of these deaths occurring among children aged 5 years and below [6].



Malaria continues to be an economic burden to individuals, households, and the entire Nigeria health system [13,14,15]. The emergence of resistance to commonly used antimalarial medications has also added to the economic cost of treatment [16,17].



To slow the emergence of antimalarial resistance, the WHO recommended that malaria treatment only be reserved for individuals with a positive parasitological diagnosis [18]. The Nigeria National Malaria Control Program therefore introduced the “test before treatment” policy [19]. However, due to slow system-wide adoption by 2017, the prevalence of testing in febrile children below 5 years of age was only 14% [20]. Other measures for the prevention and control of malaria include the use of long-lasting insecticide-treated nets, intermittent preventive treatment during pregnancy, vector spraying, and improved environmental hygiene among other similar interventions [21,22].



In anticipation of the malaria vaccine, a recent study among caregivers in Southeastern Nigeria established an awareness level of 48.2% and 88.2% of respondents had a positive perception of the vaccine [23]. The prospects for local capacity in vaccine production was recently boosted by the WHO approval for Nigeria alongside five other African countries including Egypt, Kenya, Senegal, South Africa, and Tunisia, to receive necessary technological support to produce vaccines [24].



The study objective was to assess the level of public awareness of the malaria vaccine in sub-Saharan African countries (Uganda, Ghana, and Nigeria).





2. Materials and Methods


The current study was exploratory with a cross-sectional design which used a web-based survey for data collection. This design was deemed appropriate because of its ability to reach a wide spectrum of relevant respondents across the study sites within a short time frame so as to generate a “snapshot” of the situation. The study sites (Nigeria, Ghana, and Uganda) are typical holoendemic settings for malaria, hence data from these locations were considered appropriate representations of the epidemiological portrait of malaria in sub-Saharan Africa. In view of the online data collection strategy, the study settings provided a sufficient population of respondents due to the relatively high penetration of mobile telephony in these countries. A convenience sampling technique was employed as any adult (≥18 years of age) who was consenting and able to respond electronically to the questionnaire was invited to take the survey.



Data were collected using a questionnaire developed by the investigators following detailed review of relevant literature. Items of the instrument sought information on the demographic characteristics of respondents, knowledge of malaria and its treatment and preventative measures, awareness of the malaria vaccine, and its acceptability for administration in children.



The Qualtrics® software (Version number: April 2022; Qualtrics, Provo, UT, USA) was used for data collection. The questionnaire was anonymously self-administered, using a link which was shared with residents of the three sub-Saharan African countries (Uganda, Ghana, and Nigeria), through social media platforms and text messaging apps such as WhatsApp, Facebook, Instagram, Twitter, and Telegram. The data were collected over an 11-week period between January and April 2022. Individuals aged 18 and above and living in any of the three sub-Saharan African countries at the time of survey were eligible to participate in this study. No remuneration was offered to the respondents. However, at the end of the survey, participants had the option to provide their email address or phone number via a different survey link, to enter into a drawing for one of twenty USD 20 cash prizes.



The University of Minnesota Institutional Review Board approved this study (IRB ID: STUDY00014409). All participants provided informed consent before taking the survey.



Data Analysis


The dataset originally had 4265 observations. Observations with missing relevant data (n = 369) were excluded, bringing it down to 3896 observations with data on the covariates of interest for the study. These were included in the analysis.



The outcome of interest was being aware of the malaria vaccine or not. This was categorized into two options: Yes or No. The question asked in the survey was: “Have you heard about the malaria vaccine; an immunization that can help prevent malaria?”



Data were cleaned and analyzed using SAS OnDemand for Academics software. Descriptive data analysis was first performed to summarize the data. Second, the relationship between the demographic characteristics and awareness of the malaria vaccine was determined using a linear regression model. The level of significance (alpha) was set to 0.05. In all analyses, the coefficients and standard errors were exponentiated for the ease of interpretation.





3. Results


The final sample included 3896 participants residing in three sub-Saharan African countries, including Uganda (n = 843), Ghana (n = 765), and Nigeria (n = 2288). Most of the respondents (58.3%) indicated that they were aware of the malaria vaccine. The distribution of the respondents’ awareness relative to the respective demographics, including age, gender, education, residential location, and country of residence was assessed (see Table 1).



By age category, the largest proportion of respondents were individuals between the ages of 25 and 34 years, constituting approximately 40.5% of the total respondents. This category also constituted the highest proportion of respondents in any age category indicating that they had heard of the malaria vaccine (59.5%). Most of the respondents across all age groups had heard of the malaria vaccine.



Overall, more male respondents (63.0%) had heard of the malaria vaccine compared to female respondents who were aware of the vaccine (53.1%). There were more individuals with an undergraduate degree who completed the survey, constituting approximately 55.5% of the respondents. Most of the respondents with a secondary school degree and lower had not heard of the malaria vaccine, while most of those with an undergraduate degree and higher had heard of the malaria vaccine. Most respondents (65.9%) were resident in large cities. For each demographic characteristic and category, respondents were more likely to be aware of the vaccine than not.



A linear regression model was used to determine the relationship between awareness of the malaria vaccine and each of the demographic characteristics in the different countries and overall, respectively (Table 2).



Gender and place of residence were significantly associated with public awareness of the malaria vaccine in Nigeria (p < 0.0001) and Uganda (p < 0.0001); with male respondents and urban residents being more likely to be aware, respectively. Age was a significant predictor of the public awareness of the malaria vaccine in Ghana (p = 0.0304); with younger respondents being more likely to be aware of the malaria vaccine. Overall, there was a significant association between public awareness and education status in all three sub-Saharan African countries assessed (p < 0.0001).




4. Discussion


The awareness of residents about the availability of lifesaving and disease preventative measures and public perception of these measures are critical to health outcomes expected from advancements in controlling the malaria epidemic in sub-Saharan Africa. The current study examined demographic factors, including age, gender, residence, and education status, relative to the awareness of the malaria vaccine.



From the survey data, the education status of respondents from the sub-Saharan African countries included (Nigeria, Ghana, and Uganda), was a significant predictor of the public awareness of the malaria vaccine. The current study findings are similar to some previous studies that found an association between vaccine awareness and education level. In the study by Voo and colleagues (2021), they found that among 405 parents who responded to their survey, awareness of childhood vaccines was increasingly higher with a higher education status [25]. Other studies also cite parental education level as being associated with an awareness and/or knowledge of childhood vaccines [26,27,28]. The positive correlation between awareness and education status could also be attributed to the fact that since most of the respondents were educated, they could be involved in information seeking and sharing among colleagues, increasing awareness in that demographic category [27]. The findings also highlight a critical gap, as lack of knowledge and awareness of childhood vaccines has also been associated with lower rates of childhood immunization [26,27,28]. Therefore, there must be an intentional focus on reaching less educated parents and caregivers with information regarding the malaria vaccine.



Literacy level in a society directly or indirectly plays a role in understanding health-related issues, whether interventional or preventive, and consequently influences health outcomes [29]. Low literacy is more prevalent in the low and middle-income countries which includes countries in sub-Saharan Africa [30]. In the current study, educational level was a predictor of malaria vaccine awareness among respondents in the sub-Saharan African countries surveyed. A lack of awareness of the malaria vaccine is a potential limitation to the uptake of the vaccine. This is in keeping with a study performed in Ghana by Tabiri et al. (2021), which showed that a higher level of education was a positive predictor of vaccine uptake [31]. This was because highly educated parents had access to information from multiple sources and were better placed to understand the details and essence of vaccination. A similar outcome was seen in Nigeria, where a mother’s educational level significantly contributed to her knowledge of three or more preventive measures against malaria [32]. The study also demonstrated that the level of awareness of the malaria vaccine was low among the respondents, and the level of education was a major contributory factor. Further evidence from Ghana concluded that caregivers who had less than secondary school education were less likely to complete their children’s immunization schedule compared with those who had a secondary education or higher [33,34]. The educational status of the mother was significantly associated with immunization status of the child, with the highest trend seen among mothers with tertiary education, respectively.



In this age of electronic information access, it is not surprising that younger persons, being more technologically oriented, were more aware of the malaria vaccine. Persons in the younger adult age categories are also more likely to be parents/caregivers of infants and children (ages 0–5 years) who are most affected by malaria mortality. It therefore follows that they would be more interested in keeping up with information regarding infant and child health. Health promotion efforts and messaging regarding the malaria vaccine should target this demographic. However, given the communal context of cultures in most sub-Saharan countries, older adults such as grandmothers must be reached with relevant information, as they are often integral to childcare and very influential with regard to health-related decisions in the home [35].



The initial vaccine rollout in Kintampo, formerly in the Brong Ahafo Region (now in Bono East Region) and Agogo in the Ashanti Region of Ghana, did not receive extensive media coverage. According to Asante K. P. et al., the pilot implementation was met with conspiracy theory rumors that were probably spread by anti-vaxxers [36]. Therefore, to ensure the progress and effective administration of the vaccine, vast media coverage seems to have been localized within the selected regions [37].



This study found a significant association between the awareness of the malaria vaccine and a place of residence for two (Nigeria and Uganda) of the three countries. The localization of information on the vaccine rollout and the prevalence of misinformation can account for the non-correlation in Ghana. The fact that there is approximately 50% access to a smartphone in Ghana, higher than what is obtainable in Nigeria (16.3%) and Uganda (18%), can explain the prevalence of digital misinformation in Ghana [38,39,40]. Additionally, Internet penetration in Ghana (53%) is more than that in Nigeria (51%) and Uganda (29.1%) [41,42,43]. Inequities in access to information on vaccines between residents in rural and urban settings have been shown to adversely affect population-wide childhood immunization coverage [44]. Generally, in the literature, a lack of targeted messaging, communication, and information have been cited as reasons for the non/under-vaccination of children in low-income and middle-income countries [45]. These findings present necessary incentives for country-specific policy reforms if universal immunization coverage with regard to malaria is to be achieved in sub-Saharan Africa.




5. Limitations


The current study utilized a convenience sampling technique. As the sampling was not random, the sample population is not representative of the study population. The fact that approximately only 19.8% (54.7 million) of the population have access to a smartphone [38,39,40] and approximately 0.01% of those with a smartphone completed the survey further limits the representativeness. The web-based survey had to be accessed on a device with Internet connectivity, which may have limited responses to those with devices having such capability (e.g., a smartphone, tablet, laptop, etc.) as well as Internet access. Given the significant disparities in mobile phone penetration and Internet access across rural–urban divides and socio-economic groupings [46], the online survey strategy adopted in this study was therefore limited by response bias. Mostly utilizing social media for dissemination of the survey link, is another source of limitation to the study, as there is a limit to which people can be reached with detailed information that encourages participation. The survey was self-administered in English only, hence respondents had to be literate and therefore more likely to be educated, further increasing the possibility of a significant difference by educational level. The opening statement of the survey served as information about the availability of the vaccine. This may have influenced the participants’ responses about their awareness of the malaria vaccine. Lastly, we did not assess how the respondents knew about the vaccine.




6. Conclusions


Beyond the availability of the malaria vaccine for use in malaria-endemic regions of the world, including sub-Saharan African countries, residents’ awareness and willingness to accept the vaccine are essential to reducing the malaria burden. Public awareness of the malaria vaccine is a critical part of all measures directed towards the treatment and management of the disease without replacing prevention strategies. Therefore, stakeholders of health, including individuals, providers, and healthcare professionals, public health professionals, health institutions and organizations, community-based organizations, faith-based organizations, and government at the local, state, and federal levels, must pay attention to evidence-based drivers of the public awareness of the malaria vaccine.



Given the negative impact of the lack of awareness and knowledge, misinformation and conspiracy theories on immunization programs, public health campaigns preceding the population-wide roll-out of the novel malaria vaccine should target the less-educated, and those residing in more rural areas. Culturally responsive efforts should target women of child-bearing age as well as the older women who are integral in childcare, while assuring equitable access to the malaria vaccine across sub-Saharan Africa.
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Table 1. Awareness of the malaria vaccine by demographic characteristics and categories.
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Demographics Characteristics and Categories

	
Unaware of the Malaria Vaccine, N (% per Category)

	
Aware of the Malaria Vaccine N (% per Category)

	
Total no. of Respondents per Category (% of Respondents)






	
Age (years)

	
18–24

	
530 (43.1)

	
701 (56.9)

	
1231 (31.6)




	
25–34

	
640 (40.5)

	
939 (59.5)

	
1579 (40.53)




	
35–44

	
240 (41.0)

	
346 (59.0)

	
586 (15.04)




	
45–54

	
152 (43.2)

	
200 (56.8)

	
352 (9.03)




	
55–64

	
53 (43.8)

	
68 (56.2)

	
121 (3.11)




	
65–74

	
10 (43.5)

	
13 (56.5)

	
23 (0.59)




	
75–84

	
1 (33.3)

	
2 (66.7)

	
3 (0.078)




	
85 or older

	
0 (0)

	
1 (100)

	
1 (0.027)




	
Gender

	
Female

	
875 (46.9)

	
992 (53.1)

	
1867 (47.9)




	
Male

	
742 (37.0)

	
1265 (63.0)

	
2007 (51.5)




	
Prefer not to say

	
9 (60.0)

	
6 (40.0)

	
15 (0.4)




	
Other

	
0 (0)

	
7 (100)

	
7 (0.18)




	
Education status

	
No education

	
4 (50.0)

	
4 (50.0)

	
8 (0.2)




	
Primary school

	
8 (57.1)

	
6 (42.9)

	
14 (0.4)




	
Secondary school

	
178 (53.1)

	
157 (46.9)

	
335 (8.6)




	
Undergraduate degree

	
926 (42.8)

	
1237 (57.2)

	
2163 (55.5)




	
Graduate/professional degree

	
477 (36.9)

	
817 (63.1)

	
1294 (33.2)




	
Other

	
33 (40.2)

	
49 (59.8)

	
82 (2.1)




	
Residence

(population)

	
Hamlet (<100)

	
6 (31.6)

	
13 (68.4)

	
19 (0.5)




	
Village

(100–2499)

	
93 (47.9)

	
101 (52.1)

	
194 (5.0)




	
Small town

(2500–9999)

	
201 (46.2)

	
234 (53.8)

	
435 (11.2)




	
Mid-sized town (10,000–49,999)

	
270 (39.7)

	
410 (60.3)

	
680 (17.4)




	
Large city/metropolitan area (>50,000)

	
1056 (41.1)

	
1512 (58.9)

	
2568 (65.9)




	
Country of residence

	
Nigeria

	
1013 (44.3)

	
1275 (55.7)

	
2288 (58.7)




	
Uganda

	
273 (32.4)

	
570 (67.6)

	
843 (21.6)




	
Ghana

	
340 (44.4)

	
425 (55.6)

	
765 (19.7)
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Table 2. Association between public awareness of the malaria vaccine and demographic characteristics.
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Variables

	
p-Value




	
Nigeria

	
Ghana

	
Uganda

	
Sub-Saharan Africa






	
Awareness vs. age

	
0.1005

	
0.0304

	
0.0799

	
0.9331




	
Awareness vs. gender

	
<0.0001

	
0.0860

	
<0.0001

	
<0.0001




	
Awareness vs. residence

	
0.0185

	
0.8736

	
0.0002

	
0.0610




	
Awareness vs. education status

	
0.0336

	
<0.0001

	
0.0406

	
<.0001
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