
Greener Journal of Biomedical and Health Sciences, vol. 7, no. 1, pp. 47-60, 2024 

Greener Journal of Biomedical and Health Sciences 

Vol. 7(1), pp. 47-60, 2024 

ISSN: 2672-4529 

Copyright ©2024, Creative Commons Attribution 4.0 International.   

https://gjournals.org/GJBHS  

DOI: https://doi.org/10.15580/gjbhs.2024.1.102024146  

 

 

 
 

Cholera Vaccine Development: Progress, 
Efficacy, and Public Health Strategies 

 
 

Nsikak Godwin Etim1; Godwin Joshua2; Sylvester 
Chibueze Izah3,4*; Olubunmi Olayemi Alaka5; Carmilla 

Ijeoma Udensi6; Esther Nsikak Etim7 
 
 

1Department of Medical Laboratory Science, Faculty of Basic Medical Sciences, Niger Delta University, 
Wilberforce Island, Bayelsa State, Nigeria. 

2Department of Public Health, Maryam Abacha American University of Niger, Maradi, Niger 
3Department of Community Medicine, Faculty of Clinical Sciences, Bayelsa Medical University, Yenagoa, 

Bayelsa State, Nigeria. 
4Department of Microbiology, Faculty of Science, Bayelsa Medical University, Yenagoa, Bayelsa State, Nigeria. 

5Department of Biological Sciences, College of Natural Sciences, Redeemer’s University, Ede, Nigeria. 
6Department of Medical Laboratory Science, Faculty of Health Sciences and Technology, University of Nigeria, 

Enugu CAMPUS, Enugu State, Nigeria. 
7Department of Medical Laboratory Science, Faculty of Basic Medical Sciences, Niger Delta University, 

Wilberforce Island, Bayelsa State, Nigeria. 
 

 

ARTICLE INFO ABSTRACT 

 

Article No.: 102024146 
Type: Research 

Full Text: PDF, PHP, HTML, EPUB, MP3 

DOI:10.15580/gjbhs.2024.1.102024146 

Cholera poses a significant public health challenge, particularly in regions prone 
to outbreaks. Vaccination plays a critical role in preventing cholera, offering a 
powerful strategy to mitigate its impact. The paper focuses on the progress and 
efficacy of cholera vaccine development. The paper found that the cholera 
vaccine landscape features diverse formulations, including Dukoral®, 
Shanchol®, and Euvichol®, each having distinct advantages and limitations. 
While substantial progress has been made in vaccine development, ongoing 
research is essential to address existing barriers such as distribution 
challenges, public hesitancy, and limited access to healthcare. Therefore, 
effective public health strategies should prioritize high-risk populations and 
integrate vaccination efforts with improved sanitation and water, sanitation, and 
hygiene (WASH) programmes. Additionally, fostering community engagement 
through education and local leadership is crucial to overcoming vaccine 
hesitancy, which is influenced by misinformation and cultural beliefs. 
Collaboration among public health authorities, researchers, and communities is 
vital for enhancing vaccine uptake and achieving cholera elimination goals. As 
challenges evolve, the adaptability of vaccination strategies will be paramount 
in safeguarding community health and preventing future outbreaks. 

 

Accepted:  05/11/2024 

Published: 19/11/2024 

 

*Corresponding Author 

Sylvester Chibueze Izah 

E-mail: chivestizah@gmail.com 

 

Keywords: Cholera, Vaccine 

Development, Public Health, Vaccine 

Efficacy, Sanitation, Vaccine 

Hesitancy, Outbreak Prevention 

  

https://gjournals.org/GJBHS
https://doi.org/10.15580/gjbhs.2024.1.102024146
https://gjournals.org/GJBHS/Publication/2024/1/PDF/102024146%20Etim%20et%20al.pdf
https://www.gjournals.org/2024/11/19/102024146-etim-et-al/
https://gjournals.org/GJBHS/Publication/2024/1/HTML/102024146%20Etim%20et%20al.htm
https://gjournals.org/GJBHS/Publication/2024/1/EPUB/102024146%20Etim%20et%20al.epub
https://www.gjournals.org/wp-content/uploads/2024/11/102024146-Etim-et-al.mp3
https://doi.org/10.15580/gjbhs.2024.1.102024146


48    Etim et al / Greener Journal of Biomedical and Health Sciences    
 
 

1. Introduction 
 
The importance of vaccines in cholera prevention cannot 
be overstated, particularly in regions where cholera is 
endemic or where outbreaks are frequent. Cholera, 
caused by the bacterium Vibrio cholerae, leads to severe 
diarrhea and dehydration, which can be fatal if not 
treated promptly. Vaccination serves as a critical public 
health intervention that protects individuals and 
contributes to community-wide immunity, thereby 
reducing the overall incidence of the disease. Studies 
have shown that achieving a vaccination coverage of 
50% can significantly reduce cholera cases, with 
estimates suggesting that such coverage could avert up 
to 93% of cases in a single season (Dimitrov et al., 2014). 
This highlights the potential of vaccines to serve as a 
frontline defense against cholera outbreaks, especially in 
vulnerable populations. 

The cholera vaccine landscape has evolved 
significantly, with various formulations developed to 
enhance efficacy and accessibility. Several types of oral 
cholera vaccines (OCVs) are available, including killed 
whole-cell and live attenuated vaccines (El Hayek et al., 
2023). Introducing these vaccines has been pivotal in 
cholera control strategies, particularly in high-risk areas. 
For instance, using OCVs in mass vaccination 
campaigns has demonstrated the ability to protect 
vaccinated individuals and provide indirect protection to 
unvaccinated community members through herd 
immunity (Troeger et al., 2014). This indirect protection 
is crucial in controlling cholera transmission in endemic 
regions, as it reduces the overall pool of susceptible 
individuals. 

Recent studies have underscored the 
effectiveness of targeted mass vaccination strategies in 
cholera prevention. For example, in rural Bangladesh, 
areas with higher coverage of OCVs experienced lower 
cholera incidence, even among unvaccinated individuals 
(Troeger et al., 2014). This phenomenon of herd 
immunity is essential for controlling outbreaks, as it 
creates a buffer against the spread of the disease. 
Furthermore, the cost-effectiveness of mass vaccination 
campaigns has been demonstrated, with models 
indicating that achieving a coverage of 60% can 
significantly reduce cholera incidence within a few years 
(Mukandavire et al., 2020). This economic aspect is vital 
for public health planning, especially in resource-limited 
settings where healthcare budgets are constrained. 

In addition to traditional vaccination strategies, 
innovative approaches are being explored to enhance 
cholera prevention efforts. For instance, ring vaccination, 
which involves vaccinating individuals near confirmed 
cholera cases, has shown promise in controlling 
outbreaks (Ali et al., 2016). This targeted approach can 
be efficient in urban settings where cholera transmission 
is rapid and widespread. Moreover, the flexibility of 
dosing schedules for OCVs has been investigated, 
revealing that alternative vaccination schedules can still 
elicit robust immune responses, thereby increasing the 

feasibility of vaccination campaigns in various contexts 
(Kanungo et al., 2015). Such adaptability is crucial in 
responding to the dynamic nature of cholera outbreaks. 
The safety and efficacy of cholera vaccines have also 
been a focus of recent research, particularly concerning 
vulnerable populations such as pregnant women (El 
Hayek et al., 2023). Ensuring that vaccines are safe for 
all demographic groups is essential for widespread 
acceptance and implementation. Furthermore, 
developing new-generation cholera vaccines has shown 
promising efficacy rates exceeding 65%, encouraging 
future vaccination efforts (Mukandavire et al., 2013). 
These advancements in vaccine technology are critical 
for improving public health outcomes in cholera-endemic 
regions. 

Despite the progress in cholera vaccination, 
challenges still need to be addressed in achieving high 
coverage rates, particularly in hard-to-reach 
communities. Studies have indicated that logistical 
barriers, such as transportation and access to 
vaccination sites, can hinder effective vaccination 
campaigns (Scheffold et al., 2012). Addressing these 
challenges requires innovative strategies, such as 
mobile vaccination units and community engagement 
initiatives, to ensure vaccines reach those most at risk. 
Additionally, public trust in vaccination programmes is 
essential; campaigns must be designed to educate 
communities about the benefits of vaccination and 
address any concerns regarding vaccine safety 
(Scheffold et al., 2012). 

The global response to cholera has also been 
shaped by initiatives such as the WHO's Global Cholera 
Elimination Roadmap, which aims to eliminate cholera by 
2030 through a combination of vaccination, improved 
water, sanitation, and hygiene (WASH) measures, and 
effective surveillance (Bwire et al., 2022). This 
comprehensive approach recognizes that vaccination 
alone cannot eradicate cholera; it must be part of a 
multifaceted strategy addressing the underlying health 
determinants. The integration of vaccination with WASH 
interventions has the potential to create a synergistic 
effect, further reducing cholera incidence in vulnerable 
populations. 

The paper focuses on the history and 
development of cholera vaccines, emphasizing the 
progression from early attempts to modern oral OCVs 
like Dukoral, Shanchol, and Euvichol. It explores the 
challenges in vaccine distribution, particularly in low-
income regions, and highlights public health strategies, 
such as targeting vulnerable populations and integrating 
with WASH programmes. Additionally, it addresses 
vaccine hesitancy, public perception, and the importance 
of community engagement in successful vaccine 
campaigns. 
 

2. History of Cholera Vaccine Development 
 

The history of cholera vaccine development is a complex 
narrative reflecting the evolution of scientific 
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understanding and public health strategies over a 
century. Cholera has caused numerous pandemics, 
particularly since the 19th century in the hotspot region. 
The quest for a vaccine has been driven by the urgent 
need to control outbreaks and reduce mortality, 

especially in areas with poor sanitation and limited 
healthcare infrastructure. This historical journey can be 
divided into key phases, each marked by significant 
advancements and challenges (Table 1).

 
Table 1: Major Milestones in the Development of Cholera Vaccines 

Period Vaccine Type Key Developments Challenges 

Late 19th 
Century 

Injectable (Killed 
Vaccine) 

Waldemar Haffkine developed the 
first cholera vaccine using heat-killed 
Vibrio cholera 

Limited effectiveness, short-lived 
immunity, adverse reactions, and 
difficulties in mass administration 

1960s-
1970s 

First-Generation Oral 
Cholera Vaccines 
(OCVs) 

Developed killed whole-cell and live-
attenuated OCVs 

Short-lived immunity, multiple doses 
required, safety concerns for live 
vaccines 

1990s Second-Generation 
Oral Vaccines 

Introduction of Dukoral and WC-rBS, 
combining killed bacteria and cholera 
toxin components 

Required two doses, initially aimed at 
travelers, complex administration with 
buffer solution 

2011-
Present 

New-Generation Oral 
Cholera Vaccines 

Shanchol and Euvichol introduced 
more accessible mass vaccination in 
endemic areas. 

Cost and accessibility challenges are 
reduced, but logistics and cold chain 
requirements remain. 

 
The late 19th century marked the beginning of serious 
attempts to develop a cholera vaccine, coinciding with 
the establishment of the germ theory of disease. Russian 
scientist Waldemar Haffkine pioneered this field, creating 
one of the first cholera vaccines in the 1890s. Haffkine's 
vaccine was a killed, injectable formulation derived from 
heat-killed Vibrio cholerae bacteria. His self-
experimentation and subsequent field trials in India 
during a cholera epidemic demonstrated some efficacy, 
but the vaccine faced several limitations. Notably, it 
provided only modest protection, with immunity waning 
quickly, often within months, and was associated with 
adverse reactions such as fever and pain at the injection 
site (Luquero et al., 2014; Ivers et al., 2013). These 
challenges highlighted the need for more effective and 
user-friendly vaccination strategies. 

Throughout the 20th century, the development of 
cholera vaccines continued, but progress was slow and 
fraught with difficulties. The initial focus remained on 
injectable vaccines, which, while somewhat effective, 
were hampered by variability in efficacy across different 
populations and strains of Vibrio cholerae. Field trials 
revealed that the effectiveness of these vaccines could 
differ significantly based on local epidemiological 
conditions (Khuntia et al., 2021; Ilboudo & Gargasson, 
2017). Moreover, cholera's persistence in water sources 
and its association with inadequate sanitation 
underscored the necessity for comprehensive public 
health measures beyond vaccination alone. The 
realization that vaccines could not single-handedly 
control cholera outbreaks led to a more integrated 
approach that combined vaccination with improved 
sanitation and water quality (Ivers et al., 2015; Martin et 
al., 2014). 

The limitations of injectable vaccines paved the 
way for developing OCVs, representing a significant 
advancement in cholera prevention strategies. The 
transition to oral vaccines was driven by their ease of 
administration, particularly in resource-limited settings 

where healthcare infrastructure was lacking. Oral 
vaccines were designed to stimulate local immunity in 
the gastrointestinal tract, the primary site of infection for 
Vibrio cholerae (Martínez-Pino et al., 2013; Islam et al., 
2018). The first-generation OCVs developed in the 
1960s and 1970s included killed and live-attenuated 
formulations. While these vaccines demonstrated some 
protective efficacy, they still required multiple doses and 
often resulted in short-lived immunity (Ali et al., 2016; 
Mahalanabis et al., 2008). 

The late 20th century saw the emergence of 
second-generation OCVs, which were more effective 
and safer than their predecessors. One of the most 
notable developments was the introduction of Dukoral in 
1991, which combined killed whole cells of Vibrio 
cholerae with a component of cholera toxin. This 
innovative formulation enhanced the immune response, 
protecting the patient for up to two years with just two 
doses (Sayeed et al., 2015; Qadri et al., 2016). The 
World Health Organization (WHO) recognized the 
potential of OCVs and began to advocate for their use in 
cholera-endemic regions, particularly during outbreaks 
(Kar et al., 2014; Sow et al., 2017). The success of 
Dukoral set the stage for further advancements in OCV 
technology. In 2011, Shanchol was introduced as an 
improved and more affordable OCV. Unlike Dukoral, 
Shanchol did not require a buffer solution for 
administration, making it easier to deploy in mass 
vaccination campaigns. Shanchol is based on killed 
whole-cell Vibrio cholerae and has been shown to 
provide long-lasting immunity, with studies indicating 
protection lasting up to five years (Sarker et al., 2015; 
Sur et al., 2011). The vaccine has been utilized 
extensively in cholera-endemic countries and during 
outbreaks, such as the response to the cholera epidemic 
in Haiti following the 2010 earthquake (Kar et al., 2014; 
Ilboudo et al., 2021). The introduction of Shanchol 
marked a turning point in cholera vaccination efforts, as 
it allowed for broader access to effective vaccines in 
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vulnerable populations. Euvichol, a variant of Shanchol, 
was developed to enhance the affordability and 
accessibility of OCVs further. Packaged in plastic 
containers instead of glass vials, Euvichol aimed to 
reduce costs and facilitate distribution in humanitarian 
crises and outbreak responses (Bekolo et al., 2016; 
Falkard et al., 2019). The WHO's establishment of a 
global stockpile of OCVs has also played a crucial role in 
ensuring that vaccines are available for rapid deployment 
in response to cholera outbreaks worldwide (Ivers et al., 
2015; Poncin et al., 2017). This proactive approach to 
cholera vaccination has been instrumental in controlling 
the disease in various settings and has underscored the 
importance of vaccination as a public health tool. 

Recent studies have demonstrated the 
effectiveness of OCVs in diverse populations, including 
those with specific vulnerabilities, such as individuals 
living with HIV. Research has shown that the 
immunogenicity of OCVs remains robust even in these 
populations, further supporting the use of cholera 
vaccination as a critical intervention (Ali et al., 2017; 
Charles et al., 2014). The ongoing evaluation of OCVs in 
various epidemiological contexts provides valuable 
insights into their effectiveness and safety, reinforcing 
the need for sustained investment in cholera vaccine 
research and deployment. Despite the progress made in 

cholera vaccine development, challenges remain. The 
need for continuous monitoring of vaccine efficacy, 
safety, and public acceptance is paramount, particularly 
in regions where cholera is endemic. Additionally, 
integrating vaccination campaigns with broader public 
health initiatives, including water and sanitation 
infrastructure improvements, is essential to achieve long-
term cholera control (Hsiao et al., 2017). The lessons 
learned from past vaccination campaigns can inform 
future strategies, ensuring that cholera vaccination 
remains vital to global health efforts. 
 

3. Current Cholera Vaccines 
 
Cholera, an acute diarrheal disease caused by the 
bacterium Vibrio cholerae, remains a significant public 
health challenge, particularly in regions with inadequate 
sanitation and clean water access. Developing cholera 
vaccines has been a crucial strategy in controlling 
outbreaks and preventing the disease. Three primary 
OCV are widely used: Dukoral®, Shanchol®, and 
Euvichol®. Each of these vaccines has unique 
characteristics regarding their composition, 
administration, efficacy, and safety profiles (Table 2), 
which are critical for implementing public health 
strategies. 

 
Table 2: Overview of Current Cholera Vaccines 

Vaccine Type Efficacy & Duration Safety Profile 

Dukoral® Killed whole-cell, 
oral 

60-85% protection for 2-3 
years 

Mild side effects: gastrointestinal discomfort, 
nausea 

Shanchol® Killed whole-cell, 
oral 

~65% protection for up to 5 
years 

Well tolerated; mild side effects: diarrhea, 
abdominal pain 

Euvichol® Killed whole-cell, 
oral 

~65% protection for 3-5 
years 

Generally well tolerated; mild side effects: nausea, 
vomiting 

 
Dukoral® is a killed whole-cell oral vaccine that 
combines an inactivated strain of Vibrio cholerae O1 with 
a recombinant cholera toxin B subunit (CTB). This 
vaccine targets classical and El Tor biotypes of V. 
cholerae O1, providing a protective efficacy of 
approximately 60-85% for 2-3 years following 
administration. It is administered in a liquid form with a 
buffer solution, requiring two doses spaced 1-6 weeks 
apart and a booster dose every two years for individuals 
at continued risk. While Dukoral® has a higher initial 
efficacy compared to other vaccines, its requirement for 
a buffer solution and shorter duration of protection limits 
its practicality in mass vaccination campaigns, 
particularly in resource-limited settings (Peak et al., 
2018; Qadri et al., 2018). 

In contrast, Shanchol® and Euvichol® are also 
killed whole-cell oral vaccines, but they contain 
inactivated strains of both V. cholerae O1 and O139. 
These vaccines are administered orally without a buffer, 
simplifying their use in field settings. Both Shanchol® 
and Euvichol® require two doses, typically spaced two 
weeks apart, and provide approximately 65% protection 
for up to five years. The longer duration of immunity and 
ease of administration make these vaccines more 

suitable for mass vaccination campaigns, especially in 
endemic areas where cholera is a persistent threat (Khan 
et al., 2018; Harris, 2018). 

The comparative efficacy of these vaccines 
highlights the importance of context in their deployment. 
While Dukoral® may provide higher initial protection, the 
logistical challenges associated with its administration 
can hinder its effectiveness in outbreak situations. On the 
other hand, Shanchol® and Euvichol® are effective in 
controlling cholera outbreaks in various settings, 
particularly in urban areas with high population density, 
where rapid vaccination is essential to curb transmission 
(Khan et al., 2018; Harris, 2018). Furthermore, the 
broader strain coverage of Shanchol® and Euvichol® 
against both V. cholerae O1 and O139 enhances their 
utility in diverse epidemiological contexts (Khan et al., 
2018; Harris, 2018). 

Safety profiles of these vaccines are generally 
favorable, with mild side effects reported across all three 
formulations. Common adverse effects include 
gastrointestinal discomfort, nausea, and diarrhea, which 
are typically transient and self-limiting. Dukoral® may be 
associated with slightly higher rates of nausea due to its 
buffer requirement, while Shanchol® and Euvichol® tend 
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to have fewer gastrointestinal side effects, making them 
more acceptable for mass vaccination campaigns (Khan 
et al., 2018; Harris, 2018). The overall safety of these 
vaccines supports their use in vulnerable populations, 
including children and individuals in high-risk areas 
(Khan et al., 2018; Harris, 2018). 

Implementing cholera vaccination strategies 
must also consider the socioeconomic context of 
affected populations. Cholera disproportionately impacts 
impoverished communities with limited access to 
healthcare services. Therefore, equitable access to 
vaccination is crucial for reducing health disparities and 
improving overall public health outcomes (Khan et al., 
2018; Harris, 2018). Vaccination campaigns targeting 
high-risk populations, such as those living in slums or 
areas with poor sanitation, can significantly mitigate the 
burden of cholera and enhance community resilience 
against outbreaks (Khan et al., 2018; Harris, 2018). 

In addition to traditional vaccination strategies, 
innovative approaches such as the "Mass and Maintain" 
strategy have been proposed to enhance cholera control 
efforts. This approach involves mass vaccination 
campaigns followed by routine vaccination of new 
population members, such as newborns and migrants. 
Such strategies are particularly relevant in dynamic 
urban environments where population mobility is high 
and the risk of cholera transmission is elevated (Peak et 
al., 2018; Khan et al., 2018; Harris, 2018). Public health 
authorities can create a comprehensive approach to 
cholera prevention by integrating vaccination with 
improved water and sanitation infrastructure. Despite the 
availability of effective vaccines, challenges remain in 
controlling cholera outbreaks. The emergence of non-
O1/non-O139 strains of Vibrio cholerae poses a 
significant threat, as current vaccines do not protect 
against these serogroups. This limitation underscores 
the need for ongoing research and development of new 
vaccines targeting a broader range of Vibro cholerae 
strains, including those responsible for sporadic cases 

and outbreaks (Arteaga et al., 2019). The genomic 
characterization of non-O1/non-O139 strains is essential 
for understanding their epidemiology and potential 
impact on public health (Arteaga et al., 2019). 

Furthermore, the role of environmental factors in 
cholera transmission cannot be overlooked. Vibrio 
cholerae is a natural inhabitant of aquatic environments, 
and its presence in water sources can lead to outbreaks, 
particularly in areas with poor sanitation. Surveillance of 
water sources for cholera contamination is vital for early 
detection and response to potential outbreaks (Bwire et 
al., 2018; Bwire et al., 2018). Integrating environmental 
monitoring with vaccination efforts can enhance the 
effectiveness of cholera control strategies and reduce 
the risk of transmission. The economic implications of 
cholera vaccination are also noteworthy. Studies have 
demonstrated that the cost-effectiveness of OCV is 
favorable, particularly in high-burden settings. By 
preventing cholera cases and reducing healthcare costs 
associated with treatment, vaccination can yield 
significant economic benefits for communities and 
healthcare systems (Khan et al., 2018; Harris, 2018). 
Policymakers must consider these economic factors 
when designing and implementing cholera vaccination 
programmes to ensure sustainability and maximize 
public health impact. 
 

4. Challenges in Vaccine Distribution and 
Access 

 
The distribution and access to vaccines present 
significant challenges that can hinder widespread 
implementation, particularly in low-income regions. 
These challenges can be categorized into barriers, 
including public hesitancy, regulatory challenges, and 
infrastructure limitations (Table 3). Each of these barriers 
plays a crucial role in determining the success of 
vaccination programmes globally.

  
Table 3: Key challenges and suggests potential solutions to improve vaccine distribution and access. 

Category Challenges Impact Solutions Needed 

Barriers to widespread 
vaccine 
implementation 

 Public Hesitancy: 
Misinformation, distrust, and 
cultural beliefs.   

 Regulatory Challenges: 
Variability in approval 
processes.  

  Infrastructure Limitations: 
Inadequate healthcare 
infrastructure. 

 It reduced vaccine 
uptake.  

 Delayed 
distribution.  

  Complicated 
logistics. 

  Education and 
outreach 
campaigns.  

 Streamlined 
regulatory 
processes. 

 Investment in 
infrastructure. 

Cold chain logistics, 
cost, and availability in 
low-income regions 

 Cold Chain Requirements: 
Strict temperature controls 
are needed. 

 Financial Constraints: High 
costs of vaccines. 

  Supply Chain Issues: 
Limited availability, especially 
in rural areas. 

 Transportation and 
storage challenges.  

  Limited access to 
vaccines. 

 Development of 
affordable 
vaccines.  

  It enhanced cold 
chain logistics.  

  It strengthened 
supply chains. 
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Public hesitancy remains a formidable barrier to vaccine 
uptake. Misinformation, distrust in healthcare systems, 
and cultural beliefs contribute to a significant reluctance 
among populations to receive vaccines. For instance, a 
study indicated that 35% of respondents cited fear of 
immunization as a primary impediment, often stemming 
from concerns about potential adverse effects and the 
pervasive spread of disinformation within communities 
(Alkahmous et al., 2023). Addressing this hesitancy 
requires clear and open communication, evidence-based 
information, and active rebuttal of myths and 
misconceptions to build confidence in vaccination 
(Alkahmous et al., 2023). Furthermore, community 
engagement and targeted awareness programmes can 
help mitigate these fears, particularly in regions where 
cultural beliefs strongly influence health decisions 
(Shaikh et al., 2018). 

Regulatory challenges also complicate vaccine 
distribution and access. The variability in approval 
processes across different countries can lead to delays 
in the availability of vaccines. High-income countries 
often have streamlined processes that facilitate quicker 
access to vaccines, while low- and middle-income 
countries may struggle with bureaucratic hurdles that 
impede timely distribution (Duan et al., 2021). This 
disparity affects the speed at which vaccines are made 
available. It exacerbates global health inequalities, as 
countries with fewer resources may compete for limited 
vaccine supplies on the open market (Duan et al., 2021). 
International cooperation and harmonization of 
regulatory standards are critical to addressing these 
disparities and ensuring equitable vaccine access 
(Morales et al., 2021). 

Infrastructure limitations are another significant 
barrier to effective vaccine distribution. In many low-
income regions, inadequate healthcare infrastructure 
complicates vaccine delivery and administration 
logistics. A robust healthcare system is essential for 
successfully implementing vaccination programmes, as 
it ensures that vaccines can be stored, transported, and 
administered effectively (Escoffery et al., 2023). In 
regions where healthcare facilities are lacking, the 
challenges of reaching populations in need are 
magnified, leading to significant gaps in vaccination 
coverage (Nkwenkeu et al., 2020). Strengthening 
healthcare infrastructure through investment in facilities, 
training, and resources is crucial for improving vaccine 
access in underserved areas (Escoffery et al., 2023). 

Cold chain logistics present a unique challenge 
in vaccine distribution, particularly in low-income regions. 
Many vaccines require strict temperature controls to 
maintain efficacy, necessitating reliable refrigeration and 
transportation systems (Forman et al., 2021). In areas 
without consistent electricity or refrigeration, the risk of 
vaccine spoilage increases, further complicating efforts 
to vaccinate populations (Forman et al., 2021). 
Addressing these cold chain requirements is essential for 
ensuring that vaccines remain viable from the point of 
manufacture to administration, particularly in remote or 

rural areas where infrastructure is often lacking (Forman 
et al., 2021). 

Financial constraints further exacerbate the 
challenges of vaccine distribution in low-income regions. 
The high costs associated with vaccine production, 
distribution, and administration can limit access, 
particularly in countries with constrained healthcare 
budgets (Hill & Okugo, 2014). In many cases, the 
financial burden of vaccination programmes falls 
disproportionately on low-income populations, who may 
already face barriers to accessing healthcare services 
(Hill & Okugo, 2014). Innovative financing mechanisms, 
such as public-private partnerships and international 
funding, are necessary to alleviate these financial 
pressures and ensure that vaccines are accessible to all, 
regardless of socioeconomic status (Hill & Okugo, 2014). 

Supply chain issues also pose significant 
challenges to vaccine distribution, particularly in rural 
areas. Limited availability of vaccines can hinder efforts 
to reach populations in need, as logistical challenges 
may prevent timely delivery (Yazdani et al., 2021). 
Moreover, the unavailability of vaccines can lead to 
unorganized vaccination schedules, further complicating 
access for families seeking immunization for their 
children (Izzati et al., 2021). Addressing these supply 
chain issues requires a coordinated approach that 
involves improving logistics, enhancing inventory 
management, and ensuring that vaccines are distributed 
equitably across regions (Yazdani et al., 2021). 

The interplay of these challenges highlights the 
need for coordinated efforts to improve vaccine 
distribution systems, particularly in underserved areas. 
Effective vaccination programmes require the availability 
of vaccines and the infrastructure, resources, and 
community engagement necessary to ensure successful 
implementation (Escoffery et al., 2023). Collaborative 
approaches that involve governments, healthcare 
providers, and community organizations can help 
address these barriers and enhance vaccine uptake 
(Shaikh et al., 2018). 
 

5. Public Health Strategies for Vaccine 
Implementation 

 
Implementing public health strategies for vaccination is 
critical in mitigating the impact of infectious diseases, 
particularly among high-risk populations and in outbreak 
hotspots (Table 4). Targeting these groups, such as 
healthcare workers, the elderly, and individuals with pre-
existing health conditions, is essential for maximizing the 
benefits of vaccination campaigns. Epidemiological data 
plays a vital role in identifying these high-risk populations 
and outbreak hotspots, allowing health authorities to 
prioritize vaccination efforts effectively. For instance, 
Azman and Lessler (2015) emphasized the importance 
of reactive vaccination strategies that focus on outbreak 
hotspots, which can significantly enhance the 
effectiveness of vaccination campaigns during public 
health emergencies. Additionally, Dean et al. (2019) 
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highlighted that understanding the direct and indirect 
effects of vaccination can inform strategies that target 

susceptible populations, thereby reducing disease 
transmission and protecting community health.

 
Table 4: Public health strategies for vaccine implementation 

Strategy Description Benefits Key Components 

Targeting high-risk 
populations and 
outbreak hotspots 

Focus on vaccinating high-risk 
groups (healthcare workers, 
elderly, individuals with pre-
existing conditions). Utilize 
epidemiological data to identify 
outbreak hotspots. 

Contain and prevent 
disease spread; 
protect vulnerable 
populations. 

Identifying high-risk groups, 
epidemiological data 
analysis, and targeted 
outreach. 

Integration with 
water, sanitation, 
and hygiene 
programmes and 
surveillance 

Combine vaccination efforts with 
Water, Sanitation, and Hygiene 
programmes. Establish 
surveillance systems to monitor 
coverage and outbreaks. 

It enhances public 
health, reduces 
disease transmission, 
and supports vaccine 
efficacy. 

Water, Sanitation, and 
Hygiene programme 
implementation, robust 
surveillance systems, timely 
response mechanisms. 

 
Integrating vaccination campaigns with WASH 
programmes can further enhance public health 
outcomes. Improved sanitation and hygiene practices 
reduce the transmission of infectious diseases and 
support the efficacy of vaccines by creating healthier 
environments for immunization. For example, 
vaccination and WASH initiatives effectively control 
cholera outbreaks, as evidenced by studies conducted in 
various settings (Parker et al., 2017). Furthermore, 
establishing robust surveillance systems is crucial for 
monitoring vaccination coverage and tracking outbreaks. 
This integration allows timely responses to emerging 
health threats, ensuring sustained community protection 
(Azman et al., 2012). Faucher et al. (2021) stress the 
importance of surveillance and note that effective 
monitoring can facilitate rapid vaccination responses in 
workplaces and schools during outbreaks. 

Targeting high-risk populations and outbreak 
hotspots is not merely a logistical necessity but a moral 
imperative in public health. Vulnerable groups often bear 
the brunt of infectious disease outbreaks, and prioritizing 
their vaccination can significantly reduce morbidity and 
mortality rates. For instance, studies have shown that 
healthcare workers are at an increased risk of exposure 
to infectious diseases, making their vaccination a priority 
(Morrison et al., 2020). Similarly, the elderly and 
individuals with chronic health conditions are more 
susceptible to severe infection outcomes, underscoring 
the need for targeted vaccination strategies (Hall et al., 
2017). Public health authorities can achieve excellent 
herd immunity and protect the broader community from 
outbreaks by focusing on these high-risk populations. 

Moreover, the effectiveness of vaccination 
strategies can be enhanced through community 
engagement and education. Educating communities 
about the importance of vaccination and addressing 
vaccine hesitancy are critical components of successful 
vaccination campaigns. Research indicates that 
individual decision-making regarding vaccination can 
significantly influence outbreak dynamics, suggesting 
that targeted communication strategies can improve 
vaccination uptake (Morrison et al., 2020). Additionally, 
fostering trust in healthcare systems and ensuring 

equitable access to vaccines is essential for achieving 
high coverage rates among vulnerable populations 
(Parpia et al., 2020). This approach aligns with the 
findings of Parpia et al. (2020), who emphasized the 
need for comprehensive vaccination programmes that 
address access and education. 

The integration of vaccination with WASH 
programmes also highlights the interconnectedness of 
public health strategies. Improved sanitation and hygiene 
practices can reduce the incidence of diseases that 
vaccines aim to prevent, thereby enhancing public health 
outcomes. For instance, cholera vaccination campaigns 
are more effective when combined with efforts to improve 
water quality and sanitation (Martin et al., 2014). This 
holistic approach addresses immediate health threats 
and contributes to long-term health improvements within 
communities. As noted by Gachohi et al., targeted 
interventions in identified hotspots can lead to 
sustainable disease elimination efforts, particularly when 
combined with education and community involvement 
(Gachohi et al., 2022). 

Surveillance systems play a pivotal role in the 
success of vaccination campaigns, enabling health 
authorities to monitor vaccination coverage and assess 
the effectiveness of interventions. Effective surveillance 
can identify gaps in coverage and inform targeted 
vaccination efforts, particularly in areas with low uptake 
(Kundrick et al., 2018). For example, spatial clustering 
data can help identify high-risk areas for outbreaks, 
allowing for timely vaccination responses (Roskosky et 
al., 2020). This proactive approach is essential for 
controlling infectious diseases and preventing 
widespread outbreaks, as highlighted by the experiences 
documented in various studies (Merler et al., 2016). 
Integrating surveillance with vaccination efforts ensures 
that public health responses are data-driven and 
responsive to emerging threats. In addition to traditional 
vaccination strategies, innovative approaches such as 
reactive vaccination have gained traction recently. 
Reactive vaccination involves administering vaccines in 
response to an outbreak, targeting specific populations 
or areas to contain the spread of disease. This strategy 
has been successfully implemented in various contexts, 
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including cholera and measles outbreaks, where rapid 
vaccination efforts have proven effective in controlling 
transmission (Alberti et al., 2010). The flexibility of 
reactive vaccination allows health authorities to respond 
swiftly to changing epidemiological landscapes, ensuring 
that resources are allocated where they are most needed 
(Faucher et al., 2022). This adaptability is crucial in 
evolving public health challenges, particularly in 
resource-limited settings. 

Furthermore, the role of community engagement 
in vaccination efforts cannot be overstated. Community 
involvement in planning and implementing vaccination 
campaigns can enhance trust and increase participation 
rates. Research has shown that local knowledge and 
cultural practices can inform vaccination strategies, 
making them more acceptable to target populations 
(Njim et al., 2016). By adopting a sense of ownership 
among community members, public health authorities 
can improve vaccination uptake and ultimately achieve 
better health outcomes (Rast et al., 2010). This 
community-centered approach aligns with the findings of 
Parpia et al., who emphasize the importance of 
understanding local dynamics in the context of 
vaccination campaigns (Parpia et al., 2020). 

The challenges associated with vaccine 
distribution and uptake are compounded by 
misinformation and vaccine hesitancy. Addressing these 
challenges requires a multifaceted approach that 
includes clear communication, education, and 
community engagement. Studies have demonstrated 

that misinformation can significantly impact vaccination 
rates, increasing susceptibility to outbreaks (Morrison et 
al., 2020). Therefore, public health campaigns must 
prioritize accurate information dissemination and actively 
counter misinformation to build public trust in vaccines 
(Nampanya et al., 2012). This proactive stance is 
essential for ensuring vaccination efforts are met with 
community support and participation. 
 

6. Vaccine Hesitancy and Acceptance 
 
Vaccine hesitancy regarding cholera vaccination is a 
multifaceted issue that significantly impacts public health 
outcomes, particularly in regions prone to cholera 
outbreaks. Vaccine hesitancy is often characterized by a 
reluctance or refusal to vaccinate despite the availability 
of vaccination services. This phenomenon can be 
attributed to various factors, including misinformation, 
distrust in healthcare systems, cultural beliefs, and fears 
regarding potential side effects. For instance, Merten et 
al. (2013) highlighted that local perceptions of cholera 
and anticipated vaccine acceptance are influenced by 
knowledge gaps regarding the disease, leading to 
hesitancy in accepting OCVs. Additionally, cultural 
beliefs, such as the association of illness with witchcraft 
or taboos, can further complicate vaccine acceptance. 
However, Merten et al. (2013) found that these beliefs 
were not significantly associated with OCV acceptability 
in their study. Table 5 shows the factors influencing 
vaccine hesitancy and acceptance.

 
 
Table 5: Factors Influencing Vaccine Hesitancy and Acceptance 

Aspect Description Factors contributing to 
hesitancy 

Strategies for acceptance 

Public perception 
and barriers to 
uptake 

Vaccine hesitancy often 
stems from misinformation, 
distrust in healthcare 
systems, and cultural 
beliefs. 

 Misinformation 
  Distrust in 

healthcare 
  Cultural beliefs 
  Fear of side 

effects 
  Socioeconomic 

factors 
 Lack of access to 

healthcare 
 Negative past 

experiences 

 Address misinformation 
through education and 
dialogue 

 Enhance access to 
healthcare 

Role of community 
engagement in 
vaccine 
campaigns 

Effective community 
engagement can address 
concerns and 
misinformation while 
building trust. 

 Lack of trust in 
local healthcare 
initiatives 

 Involve local leaders 
and influencers 

 Ensure culturally 
sensitive strategies. 

 Engage communities 
in campaign planning 
and implementation. 

 
 
Socioeconomic factors also play a crucial role in vaccine 
hesitancy. Individuals from lower socioeconomic 
backgrounds may face barriers to accessing healthcare 
services, which can deter them from seeking vaccination. 

Sundaram et al. (2015) found that a lack of education 
was significantly associated with non-acceptance of 
OCVs, suggesting that educational initiatives are vital for 
improving vaccine uptake. Furthermore, previous 
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negative experiences with medical interventions can 
create a lasting distrust in healthcare systems, leading to 
reluctance to accept vaccines. This distrust is often 
exacerbated in communities where healthcare 
infrastructure is weak, as Burnett et al. (2016) noted that 
the effectiveness of prior health campaigns influenced 
knowledge and attitudes toward cholera vaccination. 

The role of community engagement in 
addressing vaccine hesitancy cannot be overstated. 
Effective community engagement strategies can help 
mitigate concerns and misinformation surrounding 
cholera vaccines through education and dialogue. For 
example, Scheffold et al. (2012) emphasized the 
importance of culturally sensitive approaches in 
vaccination campaigns, which can enhance community 
trust and acceptance of OCVs. Engaging local leaders 
and influencers in the planning and implementing 
vaccination campaigns can further bolster vaccine 
acceptance. This is particularly important in regions 
where traditional beliefs and practices are deeply rooted, 
as local leaders can serve as trusted sources of 
information (Scheffold et al., 2012). 

Moreover, community participation in 
vaccination campaigns ensures that strategies are 
relevant and tailored to the population's specific needs. 
Kirpich et al. (2017) demonstrated that community 
involvement in cholera vaccination efforts in Haiti led to 
a high acceptance rate, with over 90% of participants 
receiving both vaccine doses. This highlights the 
effectiveness of participatory approaches in increasing 
vaccine uptake. Additionally, the involvement of 
community members in the planning stages can help 
identify potential barriers to vaccination and develop 
targeted interventions to address these challenges 
(Sundaram et al., 2012). 

Educational campaigns are essential for 
improving public knowledge about cholera and the 
benefits of vaccination. Studies have shown that 
increased awareness of cholera transmission pathways 
and symptoms significantly influences vaccine 
acceptability (Merten et al., 2013). For instance, in 
Zanzibar, individuals unaware of cholera's infectious 
pathways were less likely to accept the OCV during mass 
vaccination campaigns (Scheffold et al., 2012). 
Therefore, comprehensive educational initiatives that 
inform communities about cholera and the importance of 
vaccination are crucial for overcoming hesitancy. 
Furthermore, the timing and delivery of vaccination 
campaigns can impact public perception and 
acceptance. For example, the success of cholera 
vaccination campaigns in Haiti was attributed to the 
strategic timing of the campaigns, which coincided with 
periods of heightened cholera risk (Chao et al., 2011). 
This approach not only maximized vaccine coverage but 
also reinforced the urgency of vaccination in the minds of 
community members. Additionally, the use of single-
dose OCVs has been proposed as a temporary measure 
to reduce cholera risk in the short term, which may further 
enhance community acceptance (Franke et al., 2018). 

Trust in healthcare providers is another critical 
factor influencing vaccine acceptance. Individuals are 
more likely to accept vaccinations when they receive 
recommendations from trusted healthcare professionals. 
This underscores the need for healthcare providers to be 
well-informed and equipped to address concerns related 
to cholera vaccination (Stark et al., 2016). Moreover, 
establishing strong relationships between healthcare 
providers and community members can foster an 
environment of trust, which is essential for encouraging 
vaccine uptake. Despite the challenges posed by 
vaccine hesitancy, successful examples of cholera 
vaccination campaigns have effectively addressed public 
concerns. For instance, implementing community-based 
strategies in Uganda demonstrated the feasibility and 
effectiveness of OCV campaigns in response to cholera 
outbreaks (Bwire et al., 2020). These campaigns 
improved vaccine coverage and enhanced community 
engagement and trust in the healthcare system. Such 
examples highlight the potential for tailored interventions 
to overcome barriers to vaccine acceptance. 
 
 

7. Conclusion 
 
Vaccines are integral to the prevention and control of 
cholera, serving as a vital tool in long-term strategies 
aimed at mitigating the impact of this devastating 
disease. The current cholera vaccine landscape features 
a range of formulations, such as Dukoral®, Shanchol®, 
and Euvichol®, each with distinct advantages and 
limitations. To enhance vaccination efforts, it is essential 
to address the multifaceted challenges of vaccine 
distribution and access, which include public hesitancy, 
regulatory hurdles, and infrastructure limitations. A 
comprehensive approach that combines vaccination with 
improved sanitation practices, environmental monitoring, 
and equitable healthcare access is crucial for effectively 
reducing the global burden of cholera. 

Emerging vaccine technologies, such as single-
dose and thermostable vaccines, present promising 
prospects for cholera control, particularly in vulnerable 
populations and outbreak-prone regions. Ongoing 
research and innovative strategies are necessary to 
overcome existing barriers to vaccination, while 
community engagement and education will be vital in 
building trust and fostering vaccine acceptance. By 
prioritizing high-risk populations and integrating 
vaccination efforts with robust public health initiatives, 
including water, sanitation, and hygiene (WASH) 
programmes, we can enhance the effectiveness of 
cholera prevention efforts. The collaboration of public 
health authorities, communities, and researchers will be 
paramount in the pursuit of cholera elimination and 
protecting those most at risk. 
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