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KNOWLEDGE AND PREPAREDNESS ON THE INTRODUCTION OF MALARIA VACCINE AMONG PHC WORKERS IN OSHOGBO LGA, OSUN STATE, NIGERIA

Abstract
Background: The recent introduction of the RTS,S/AS01 malaria vaccine represents a landmark achievement in malaria prevention strategies. However, the success of this vaccine depends not only on its efficacy but also on the knowledge, attitudes, and preparedness of healthcare workers, particularly those in primary health care (PHC) settings who are responsible for vaccine administration and public education. Understanding the readiness of PHC workers is critical for the vaccine’s successful integration into Nigeria's Expanded Program on Immunization. 
Objectives: This study assesses the knowledge and preparedness of Primary Health Care (PHC) workers regarding the introduction of the malaria vaccine in Osogbo Local Government Area (LGA), Osun State, Nigeria. 
Methods: A cross-sectional survey was conducted among PHC workers in Osogbo LGA of Osun State using a structured questionnaire. Data were analyzed using descriptive statistics.
Discussion: While 66.7% of PHC workers were aware of the malaria vaccine, familiarity with specific details such as the vaccine names (RTS,S/AS01 and R21/Matrix-M), efficacy rates, and dosing schedules was markedly low. Only 17.78% of respondents could accurately identify the target age group for the vaccine, and a mere 8.89% knew the correct dosing schedule. A striking 98.89% of respondents reported receiving no formal training on malaria vaccine administration, cold chain management, or adverse event monitoring. This lack of preparedness poses a significant barrier to the successful rollout of the vaccine. Given the central role that PHC workers occupy in vaccine delivery, comprehensive training and capacity-building initiatives are essential to ensure that they are equipped with the necessary knowledge and skills.
A significant proportion (93.33%) of respondents indicated that their facilities were equipped with basic resources suggesting that infrastructure is not a major barrier to vaccine rollout in Osogbo. Additionally, 94.44% of PHC workers recognized the potential for integrating the malaria vaccine with existing malaria control measures. 
Conclusion: The study identified opportunities to leverage existing infrastructure and community engagement strategies to support vaccine introduction. And that while PHC workers possess basic knowledge of malaria, further training is essential to improve their preparedness for vaccine implementation.
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INTRODUCTION
Though Over the past 15 years, malaria mortality and morbidity have been significantly reduced in Nigeria due to prevailing public health interventions, introduction of vaccine is a crucial complementary tool that will help further drive down the burden of the disease.
Nigeria, as Africa’s most populous country and the one with the greatest malaria burden, is key to the region’s future in controlling and, eventually, eliminating this devastating disease. As such, its decisions on whether to adopt and how to use RTS,S are of critical importance.
With an estimated annual cases of 68 million and 194000 deaths resulting from malaria in Nigeria in 2021, the disease remains a leading public health concern in Nigeria (1). WHO, 2022 also reported that globally, the country contributes 27% of world malaria burden making it the country with the highest malaria burden in the world and that malaria is actively transmitted in the country throughout the year.
Edelu et al (2) reported that children under the age of 5 years are mostly affected by malaria in Nigeria and that children in that age group encounter an average of 2 to 4 attacks per year with malaria being responsible for about 90% of national mortality. This represents about 38.4% of global malaria deaths in that age group (1). 
In response to this ongoing public health crisis, the Nigerian government has recognized the necessity of introducing malaria vaccine as an integral component of its malaria control interventions. However, the success of vaccination campaigns greatly depends on the knowledge and preparedness of Primary Health Care (PHC) workers, who serve as the frontline health providers responsible for vaccine administration and community education.
Despite the critical role that PHC workers play in facilitating immunization efforts, significant gaps exist in their knowledge regarding malaria vaccination protocols, vaccine efficacy, potential side effects, and communication strategies to address community concerns as the vaccine is being introduced into the country’s malaria control programme newly. 
Furthermore, vaccine hesitancy, fueled by misinformation and misconception, poses challenges that require PHC workers to be adequately prepared to engage with and educate the communities effectively. The integration of the malaria vaccine into existing malaria control strategies requires a comprehensive understanding among PHC workers of how the vaccine complements measures such as insecticide-treated nets, indoor residual spraying, and antimalarial therapies and other malaria control interventions. Without sufficient knowledge and preparedness, the potential benefits of the malaria vaccine could be diminished, resulting in suboptimal immunization coverage and continued malaria transmission. In light of these challenges, it is imperative to assess the existing knowledge base and preparedness levels of PHC workers concerning the introduction of the malaria vaccine. 
Malaria remains a significant public health challenge in Nigeria, severely affecting the economy and quality of life of its citizens (1). According to the National Malaria Elimination Programme (NMEP), Nigeria accounts for a substantial percentage of malaria cases and deaths globally, necessitating robust control interventions (3). The introduction of a malaria vaccine represents a pivotal advancement in the fight against this disease, supplementing existing interventions such as insecticide-treated mosquito nets, indoor residual spraying, and antimalarial medications. However, the success of vaccine deployment heavily relies on the knowledge and preparedness of Primary Health Care (PHC) workers who will be responsible for administering the vaccine and educating communities about its benefits.
The effectiveness of any vaccine program is closely linked to the competency of health workers in administering vaccines and addressing community concerns. PHC workers play a frontline role in both the administration and the advocacy of vaccination programs. Their readiness to implement the malaria vaccine can significantly influence public acceptance and uptake.
Understanding the baseline knowledge and preparedness of PHC workers will inform policymakers about the necessary support systems required for effective vaccine delivery. This data-driven approach can lead to more effective health policies that enhance not only malaria vaccination efforts but also broader public health initiatives.
As new vaccines are introduced, continuous training and support for PHC workers are essential. This study evaluates existing training frameworks and identify gaps in knowledge that must be addressed to enhance the capacity of health workers to deliver the vaccine effectively.
Hence, investigating the knowledge and preparedness of PHC workers regarding the introduction of the malaria vaccine in Oshogbo Osun state is essential for ensuring a successful vaccination campaign. Given the critical role these workers play in healthcare delivery, their knowledge, and preparedness will significantly impact the health outcomes of populations at risk of malaria. This study is a critical area of investigation that addresses the foundational role of frontline health workers in the successful deployment of malaria vaccination. 
The aim of this study is to assess the knowledge and preparedness of Primary Health Care (PHC) workers in Oshogbo, Osun state for the introduction of the malaria vaccine as part of comprehensive malaria control interventions. 
In the early years, researchers faced significant challenges due to the parasite’s complex life cycle, consisting of human and mosquito stages. Despite these obstacles, the development of vaccines targeting different stages—pre-erythrocytic (sporozoite), erythrocytic (blood-stage), and transmission stages—advanced over time. By the 21st century, notable vaccines such as RTS,S and R21 began clinical trials, marking a pivotal moment in malaria vaccine research (4).
Developing a malaria vaccine has been particularly challenging due to the unique complexity of the Plasmodium parasite. Unlike viruses or bacteria, Plasmodium exhibits an intricate life cycle involving multiple antigenic stages. This antigenic variation makes it difficult to target the parasite effectively at different stages of its development (5).
The efficacy of malaria vaccines has been evaluated extensively through clinical trials. These trials are conducted in endemic regions to test vaccine safety, immunogenicity, and efficacy across various age groups.
For instance, the RTS,S vaccine underwent Phase III trials in seven African countries, enrolling over 15,000 children. The results showed significant reductions in severe malaria cases, particularly in the first year post-vaccination (6). Similarly, the R21 vaccine has been tested in large-scale trials in West Africa, with promising efficacy and safety profiles (7).
WHO's endorsement of the RTS,S/AS01 (Mosquirix) malaria vaccine in 2021 marked a major milestone. This recommendation was based on large-scale pilot programs that demonstrated the vaccine's safety and efficacy in reducing malaria incidence among children in high-burden regions. WHO also provides technical support for training healthcare workers, creating demand, and integrating vaccine delivery with other healthcare interventions.
Immunization is a global health success story, saving millions of lives every year. Immunization is key to primary health care, an indisputable human right, and one of the best health investments money can buy. Vaccines reduce risks of getting a disease by working with your body’s natural defenses to build protection. When you get a vaccine, your immune system responds. Vaccines are also critical to the prevention and control of infectious disease outbreaks (8).
Vaccine-preventable diseases are a significant source of both morbidity and mortality in the general population. Vaccinations are universally recognized as one of the most effective preventive measures in public health (9). Isah et al, (10), in their study discovered that more than half of the respondents agreed to get vaccinated or allow their children to get vaccinated with the malaria vaccine. Some respondents expressed concerns about the vaccine's effectiveness in protecting against malaria
The hesitancy for the malaria vaccine by the public and recommendation by some health professionals may be fuelled by concerns regarding the safety, efficacy and adverse effects of the vaccine (11). Studies have shown that healthcare professionals’ willingness to recommend vaccines can improve their uptake by the public (12). 
One of the most important interventions for maintaining health professionals' strong performance and alertness during malaria elimination programs is ongoing training. 
Pre-introduction training is critical for equipping healthcare workers with the knowledge and skills necessary for vaccine administration. In Ghana’s malaria vaccine pilot, less than half of the staff received training, yet 94% effectively administered the vaccine. Continuous training, peer-to-peer knowledge transfer, and on-the-job coaching were effective in bridging initial gaps (13).
Supportive supervision, combined with job aids like vaccine safety guidelines and administration protocols, enhances healthcare workers’ competence. Real-time problem-solving and feedback mechanisms improve adherence to immunization standards (13). 
This study therefore aims to assess the knowledge and preparedness of Primary Health Care (PHC) workers in Oshogbo, Osun state for the introduction of the malaria vaccine as part of comprehensive malaria control interventions. 
MATERIALS AND METHODS
Study area
The study was carried out in Osogbo LGA of Osun state in Nigeria. Osogho LGA houses the capital city of the state. The LGA is geographically located at latitude 7o 46‵ N and longitude 4o 34‵ E covering an approximate area of 47km2. The 2006 National census estimates that the Osogbo has a population of 156,694 people and borders Ikirun, Ilesa, Ede, Egbedore and Iragbiji. Being centrally located it is accessible from every part of the state (14). Osogbo LGA is subdivided into 8 political wards and there are 18 PHCs spread across the 8 wards.
There are estimated 109 health workers spread across the 18 PHCs consisting of various cadre of health workers – Nurses/midwives, Community Health Workers (CHEWs) Junior Community Health Workers (JCHEWs), Community Health Officers (CHOs), Medical Record Officers, and Technicians.

Study Population
Primary health workers who work at PHCs in Osogbo LGA of Osun state.
Study design 
The study employed a descriptive cross sectional study design. 
Inclusion Criteria
Health Workers in the 18 PHCs in Osogbo LGA of Osun state - Nurses/midwives, Community Health Workers (CHEWs) Junior Community Health Workers (JCHEWs), Community Health Officers (CHOs), Medical Record Officers, and Technicians.
Exclusion Criteria
1. Other staff that are not involved in patient care though they work in the PHCs this was corrected last time
2. PHC workers in Oshogbo who decline to give consent.
Sample size calculation
The following sample size calculation formula for cross sectional study was use (15):
n = z2pq  d2 
Where:
n = minimum sample size required.
z = standard normal deviate at 95% confidence level =1.962
p = proportion of PHC workers with good knowledge of malaria vaccine from a previous study (50% if not known)
q = complementary probability of good knowledge which is 1-p
d = degree of accuracy desired at 95% confidence interval, =0.05
n = z2pq  d2
= 1.962 x 50% (1-50%) / (0.05)2
= 3.84 x 0.5 (1-.5) / 0.0025
=3.84 x 0.25 / 0.0025
= 0.96/ 0.0025
384
The population of PHC health workers in Osogbo LGA are 109 health workers, according to the nominal roll. The sample size therefore, was adjusted for sample size for population less than 10000 using the formula: 
nf   =        n      .     
          1+ n/N  
Where:  
nf = desired sample size for a study population less than 10,000 
n = desired sample size for a study population greater than 10,000 (=384)
N = estimated population size of PHC health workers in Osogbo LGA (=109) 
nf   =        n      .     
          1+ n/N  
nf= 384
  1+384/109

=384/1+3.5
=384/4. 5 
= 85
Therefore, at least 85 health workers were to be administered questionnaire.
Sampling Technique
Being a cross sectional study, a simple random sampling using balloting technique, was employed in collecting the samples. All cadre of professionals working in the 18 PHCs were administered questionnaire by random selection. 
Data Collection tool 
Structured questionnaire was adapted from similar study (16). To ensure it was fitted into the purpose and would be able to answer the research questions, the questionnaire was scrutinized. The malaria vaccine unit of National Malaria Elimination Programme and the supervisor of the project work vetted and approved the tool before being used.
The questionnaire covers various aspects of the objectives. Section A captured demographic data of the respondents, section B is about information relating to knowledge of malaria vaccine among the health workers, section C was on preparedness of PHC workers for malaria vaccine delivery and the last session of the questionnaire addressed Challenges of implementation of malaria vaccine.
The questionnaire was pretested at 2 PHCs in another LGA in the state to test its suitability to fit into the purpose. Findings from the pre-test were noted and used to fine tune the tool before being used.
Data collection method
The questionnaire was configured into electronic format in electronic data collections tool (ODK) for ease of data collection and data entry.
Some LGA personnel who are very conversant with the terrain and all the PHCs in the LGA were trained and deployed to administer the questionnaires to ensure that every facility is reached. The health workers selected participants randomly and those who consented to participate in the study completed the questionnaire. The data collection was done real time as the questionnaires are uploaded to the saver immediately they were completed
Data Analysis
Data analysis was done using statistical software like STATA employing descriptive statistics (frequencies, means) and inferential statistics (chi-square tests, t-tests) to identify any significant associations between demographic variables and knowledge/preparedness levels.
Ethical Consideration
Ethical clearance (OSHREC/PRS/569T/777) was obtained from the Osun state ethics committee in the state ministry of health before conducting the study. Additionally, every participant had to consent to participate and will choose to opt out at any time he or she chooses. The participation of each health worker was kept anonymous and no right would be denied anyone who opts out of the study.
[bookmark: _Toc111730][bookmark: _Toc111731][bookmark: _Hlk185440665]RESULTS
A total of ninety (90) questionnaires were administered to PHC workers in the 18 primary health care centers in Osogbo LGA, Osun state. 
Geospatial Analysis
This outlines the mapping of health facilities within Osogbo Local Government Area (LGA) using Google Maps. 18 health facilities were mapped, and the facilities were scattered throughout the Osogbo LGA. 
[bookmark: _Hlk190266672]A visual map of Osogbo showing the plotted health facilities can be accessed via the provided Google Maps link (Fig 1):
https://www.google.com/maps/d/edit?mid=1-42SYRTs1FRro86skFDDU8fniF80HrU&ll=7.743372762662397%2C4.558007049999988&z=13

[image: ]
Fig. 1: Geospatial mapping of Oshogbo LGA showing locations of all 18 facilities visited





Socio-Demographic Characteristics 
Table 1. Socio-demographic Characteristics of PHC workers in Osogbo (n=90) 
	Characteristics 
	Frequency
	Percentage%

	Sex
Male 
Female

	
84	
6	
	
93.33
6.67

	TOTAL
	90
	100%

	Profession
CHEW
CHO
Doctor
Health assistant
JCHEW
Laboratory technicians
Registered nurse/midwifes
Pharmacy technician
Medical record technician
Health information officer
Dental technician
Lab scientist
Health technician 
Biochemist

	
25
23
1
3
3
6
11
1
2
5
5
3
1
1
	
27.78
25.56
1.11
3.33
3.33
6.67
12.22
1.11
2.22
5.55
5.55
3.33
1.11
1.11

	TOTAL
	90
	100%



Most of the respondents are female, making up 84 (93.3%), while males constitute 6 (6.67%). 
[bookmark: _Toc111732] Majority of respondents are CHEWs {25 (27.78%)} and CHO {23 (25.56)} followed by registered nurse/midwives, 11(12.22%)

Knowledge and preparedness for the introduction of malaria vaccine
Table 2: Knowledge of malaria vaccine (n=90) 
	[bookmark: _Hlk185485283]Knowledge of malaria vaccine

	
	Frequency
	Percentage%

	Yes
	60
	66.67%

	No
	30
	33.33

	Total 
	90
	100%



Table 2 illustrates the frequency distribution of responses to the question, "Do you have knowledge on malaria vaccine?" A significant majority comprising 2/3 of the respondents {60 (66.7%)} reported that they have heard about malaria vaccine. Conversely, 30 respondents (33.33%) indicated that they have no knowledge on the vaccine. 

Table 3 “Do you know the name of malaria vaccine?" (n=90)
	[bookmark: _Hlk185510641]Names of malaria vaccine
	
	

	
	 Frequency
	Percentage%

	RTS,S
	0
	0

	R21/Matrix-M
	0
	0

	I don’t know
	90
	100

	Total 
	90
	100%


Table 3 shows that all the respondents 90 (100%) do not know the name of any of the malaria indicating a serious knowledge gap regarding the vaccine. 

[bookmark: _Hlk185969528]Table 4 Knowledge of target age group for malaria vaccine (n=90)
	[bookmark: _Hlk186054866]Knowledge of target age group for malaria vaccine

	
	Frequency
	Percentage%

	Correct
	16
	17.78

	Incorrect 
	74
	82.22

	Total 
	90
	100%



Table 4 shows the knowledge of the respondents regarding the target age group for the vaccine, and it is obvious that more than half of the respondents 74 (82.22%) do not know the target age group. Smaller proportion of the respondents 16 (17.78%) know the target age group.

Table 5 Knowledge of the recommended dosage (n=90)
	[bookmark: _Hlk185969543]What is the recommended dosage of malaria vaccine?

	
	Frequency
	Percentage%

	Correct  
	8
	8.89

	Incorrect  
	82
	91.11

	Total 
	90
	100%



Table 5 illustrates that almost all, 82 (91.11%), of the respondents do not know the dose of the vaccine. Meanwhile, a small proportion of the respondents constituting 8 (8.89%) know the recommended dosage.
[bookmark: _Hlk186054240]Table 6 Knowledge of safety level of malaria vaccine (n=90)
	How safe is the malaria vaccine?
	 
Frequency
	
Percentage%

	Very safe
	58
	64.44

	Safe 
	30
	33.33

	Unsafe 
	2
	2.22

	Total 
	90
	100%



Table 6 represents the frequency distribution of responses regarding the safety level of the vaccine based on 90 responses. The most frequently cited response is “very safe” constituting 58 (64.44%0 of the respondents. A good number of the respondents 30 (33.33%) also perceive the vaccine to be safe while only 2 (2.22%) perceive the vaccine to be unsafe. 


Figure 2: Mode of Administration (n=90)
Fig. 2 shows that only 22 (24.44%) of respondents knows that the right route of administration of malaria vaccine is intra muscular. 

[bookmark: _Hlk186108478]Table 7: Knowledge of possibility of integrating malaria vaccine with other malaria control measures (n=90)
	[bookmark: _Hlk186108314][bookmark: _Hlk186106123]Possibility of integrating malaria vaccine with other malaria control measures

	
	 Frequency
	Percentage%

	Yes 
	85
	94.44

	No 
	5
	5.56

	[bookmark: _Hlk186108645]Total 
	90
	100%



[bookmark: _Hlk186115333]A larger proportion of the respondents, 85 (94.44%) believes that malaria vaccine can be integrated into other malaria control measures such as Seasonal Malaria Chemoprevention (SMC), Insecticidal Treated Net (ITN) Campaign and Integrated Community Case Management (ICCM) for greater efficiency, 5 (5.56%) think otherwise (Table 7).

PREPAREDNESS OF PHC WORKERS FOR MALARIA VACCINE DELIVERY
[bookmark: _Hlk186112104]Table 8 “Did you receive any training on the new malaria vaccine” (n=90)
	[bookmark: _Hlk186111318]Did you receive any training on the new malaria vaccine

	 
	 Frequency
	Percentage%

	Yes
	1
	1.11

	No
	89
	98.89

	Total 
	90
	100%



[bookmark: _Hlk186112731]Table 8 demonstrates the level of lack of training provided to the PHC workers on the malaria vaccine. 89 (98.89%) of the respondents did not receive any prior training on the vaccine indicating the serious knowledge gap on the vaccine. Meanwhile, only 1(1.11%) of the respondents received training on the vaccine.

Figure 3: Resources available for vaccine administration at your facility (n=90)
Figure 3 shows that a larger proportion of the respondents 84 (93.33%) have vaccine supplies such as syringes and needles/cold chain equipment. 

DISCUSSION
Effective and successful implementation of vaccine roll out is hinged on several factors notably adequate knowledge of the frontline health workers who administer the vaccine. The findings from this study are very revealing.
None of the respondents could identify the malaria vaccines (e.g., RTS,S or R21/Matrix-M). This knowledge gap calls for concern as it may hinder vaccine advocacy. This finding agrees with that of Adjei et al (13), who reported that healthcare workers initially lacked familiarity with vaccine names, reducing community trust and acceptance in Ghana. In this study, 85.56% of respondents were unsure about the vaccine’s efficacy, and only 10% believed it is of high efficacy. Similar skepticism was observed in Malawi and Kenya, where initial concerns about vaccine efficacy were addressed through targeted training and the dissemination of clinical trial results (17).  
The study also identified knowledge gaps concerning vaccine administration, with only 17.78% of respondents aware of the target age group and 8.89% familiar with the recommended dosage. In South-eastern Nigeria, similar deficiencies were noted, where less than 20% of healthcare workers could identify dosage schedules without formal training (18). In Kenya, fewer than 30% of healthcare workers initially had sufficient knowledge about the RTS,S vaccine, but structured training programs significantly improved their understanding (13).  Structured workshops in Ghana demonstrated that training could bridge these gaps, improving knowledge by over 70% among participants (13).
It was also demonstrated that preparedness among PHC workers was low, with 98.89% of respondents reporting no prior training on the malaria vaccine. This mirrors findings in Ghana, where it was demonstrated that only a fraction of health workers received pre-introduction training during the RTS,S rollout (14).  
Despite these challenges, 93.33% of respondents in Osogbo reported the availability of basic resources such as cold chain equipment and syringes. These resources, though meant for other diseases immunisation could be leveraged for the malaria vaccine. In Malawi, leveraging existing immunization infrastructure played a significant role in supporting the malaria vaccine rollout (19, 17). However, gaps in personal protective equipment (PPE) and educational materials remain critical barriers in Osogbo.  Encouragingly, 94.44% of respondents recognized the potential for integrating the malaria vaccine with existing malaria control measures, such as insecticide-treated nets (ITNs) and Seasonal Malaria Chemoprevention (SMC). Integration has proven successful in Kenya, where combining vaccine delivery with established interventions enhanced uptake and efficiency (17). Community engagement was highlighted as vital for the successful introduction of the malaria vaccine. Nearly all respondents (98.89%) identified community meetings, social media campaigns, and radio announcements as effective methods for awareness and demand creation. This aligns with strategies employed in Ghana and Kenya, where culturally tailored community outreach significantly improved vaccine acceptance (19). However, anticipated challenges such as public resistance, misinformation, and cultural barriers were identified.  
Conclusion
This study has revealed critical gaps in the knowledge and preparedness of PHC workers in Osogbo LGA regarding the introduction of the malaria vaccine. While a significant proportion of respondents were aware of the vaccine, their understanding of key aspects, such as efficacy, dosage, and target age group, was limited. Preparedness levels were also low, with most workers lacking formal training and some facilities facing resource constraints.  
Despite these challenges, the study identified opportunities to leverage existing infrastructure and community engagement strategies to support vaccine introduction. Lessons from Ghana, Kenya, and Malawi demonstrate that investments in training, community partnerships, and resource allocation can significantly improve vaccine delivery and acceptance.  
[bookmark: _GoBack]Ethical Clearance: Ethical clearance (OSHREC/PRS/569T/777) was obtained on December 2, 2024 from the Osun state ethics committee in the state ministry of health before conducting the study. Additionally, every participant had to consent to participate and would choose to opt out at any time he or she chose. The participation of each health worker was kept anonymous and no right would be denied anyone who opted out of the study.
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Resources available for vaccine administration at your facility	
Cold chain equipment/Vaccine supplies such as syringes, needles	Information materials such brochures, posters	PPE	93.33	3.33	3.33	

Mode of Administration

 Frequency	
Intradermal 	Intramuscular 	Intravenous 	Subcutaneous	I don’t know	4	22	5	4	55	Percentage%	
Intradermal 	Intramuscular 	Intravenous 	Subcutaneous	I don’t know	4.4400000000000004	24.44	5.56	4.4400000000000004	61.11	Column1	
Intradermal 	Intramuscular 	Intravenous 	Subcutaneous	I don’t know	

Frequency/percentage
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