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Abstract

Cholera continues to pose a significant public health threat in Ghana, with recurrent outbreaks
resulting from complex interactions among environmental, socioeconomic, and health system
determinants. The present study analyzes epidemiological trends and underlying risk factors
associated with cholera outbreaks in Ghana from 2024 to 2025, applying a One Health
perspective. A retrospective descriptive study design was implemented, drawing on secondary
data from the World Health Organization, Ghana Health Service, and published literature.
Descriptive statistical analyses assessed temporal and spatial patterns of cholera cases and
deaths. Between October 2024 and February 2025, 6,145 suspected cases, 719 confirmed cases,
and 49 deaths were reported. The outbreak originated in the Greater Accra Region and
subsequently expanded to four additional regions, demonstrating progressive geographic spread.
Temporal analysis indicated a steady increase in cases during the study period, while the case
fatality rate declined from 1.08% to 0.80%, reflecting potential improvements in case
management. Spatial analysis revealed clustering in densely populated and coastal areas,
highlighting the impact of urbanization and environmental exposure. Key risk factors identified
were inadequate water, sanitation, and hygiene infrastructure, rapid urbanization, climatic
variability, environmental contamination, and limited health system capacity. These findings
emphasize the importance of environmental reservoirs and ecological interactions in sustaining
Vibrio cholerae transmission. Cholera outbreaks in Ghana are driven by interconnected human,
environmental, and microbial factors. Addressing these challenges requires interventions within
a One Health framework, as well as enhanced surveillance systems, the use of Al, and proactive
prevention strategies to mitigate the impact of future outbreaks.
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Introduction

Cholera is an acute enteric infection caused by
toxigenic Vibrio cholerae strains, primarily
serogroups O1 and 0139, which produce
cholera toxin (CT), responsible for profuse
secretory diarrhea. Transmission occurs mainly
through the ingestion of faecally contaminated
water or food, reflecting deficiencies in water,
sanitation, and hygiene (WASH) systems.
Despite the availability of effective treatment and

preventive measures, cholera remains a major
global health burden, particularly in settings with
inadequate infrastructure and environmental
vulnerability.  Clinically, the disease is
characterized by acute watery diarrhea that can
rapidly progress to severe dehydration and death
if untreated. However, with prompt rehydration
therapy and appropriate case management,
significantly = reduced,

mortality can  be
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underscoring the largely preventable nature of
cholera-related deaths (WHO, 2023). Recent
estimates indicate that cholera accounts for
approximately 1.3 to 4.0 million cases and
between 21,000 and 143,000 deaths annually
worldwide, although these figures are widely
considered underestimates due to
underreporting and limitations in surveillance
systems in endemic regions (Ali et al., 2015; Liu
et al., 2025). The disease remains endemic in
over 40 countries, with the greatest burden
concentrated in low- and middle-income regions
of Africa and Asia, where rapid population

growth, unplanned urbanization, and
inadequate access to safe drinking water
continue to facilitate transmission (Legros,

2018; Liu et al., 2025).

From an ecological perspective, V. cholerae is
native to aquatic environments, where it persists
by associating with both biotic and abiotic
substrates, including phytoplankton,
zooplankton, and biofilms. These environmental
reservoirs are essential for the maintenance and
seasonal amplification of the pathogen,
especially in estuarine and coastal ecosystems
(Colwell, 1996; Vezzulli et al., 2016).
Environmental factors such as temperature,
salinity, and nutrient availability significantly
influence bacterial growth. Additionally, extreme
climatic events such as flooding, cyclones, and
drought can disrupt water systems and facilitate
the spread of the organism to human
populations (Moore et al., 2017).

A global resurgence of cholera has been
observed in recent years,
countries experiencing outbreaks of increasing
scale and broader geographical distribution.
This resurgence is associated with climate
variability, humanitarian crises, population
displacement, and reduced investment in WASH
infrastructure (UNICEF and WHO, 2023). Africa
experiences a disproportionate burden, with

with numerous

recurrent  outbreaks resulting from a
combination of environmental, socioeconomic,
and health system  challenges. Weak

surveillance systems, limited access to WASH
services, and population displacement sustain
transmission, while seasonal and climatic
factors further influence outbreak patterns
across the region (Legros, 2018; Rebaudet et al.,
2013b). this regional context, Ghana
exemplifies the convergence of these challenges,
resulting in and spatially

In

recurrent

heterogeneous outbreaks.

Cholera has remained a persistent public
health concern in Ghana, with outbreaks
reported over several decades despite sustained
national and international control efforts. The
country has experienced both localized outbreaks
and widespread epidemics, often linked to
seasonal patterns and infrastructural limitations.
One of the most significant outbreaks in recent
history occurred in 2014, when over 28,000 cases
and more than 200 deaths were reported
nationwide, with a substantial concentration in
the Greater Accra Region (Apenteng et al., 2023).
More recently, the occurrence of multiple
outbreaks between 2024 and 2025 further
underscores the persistence of transmission and
highlights the need for a more integrated
understanding of underlying drivers.

Cholera transmission in Ghana is strongly
associated with rapidly expanding urban centers,
particularly Accra. Urban growth has exceeded
the development of adequate sanitation and
waste management infrastructure, leading to
widespread informal settlements marked by
overcrowding, limited access to improved
sanitation, and reliance on unsafe water sources.
These conditions, especially during periods of
heavy rainfall, facilitate contamination of water
bodies and sustain faecal-oral transmission.

Access to safely managed water and
sanitation services remains uneven across the
country. While access to improved water sources
has increased, safely managed sanitation
coverage remains limited, with some households
still practicing open defecation or relying on
inadequate waste disposal systems (UNICEF and
WHO, 2023). These gaps contribute to persistent
environmental contamination and reinforce
transmission pathways of V. cholerae. In
addition, limitations in disease surveillance and
outbreak response continue to shape cholera
epidemiology in Ghana. Although surveillance
systems are established by the Ghana Health
Service, challenges remain in timely detection,
laboratory  confirmation, and coordinated
response, particularly at the sub-national level.
Delays in reporting and constraints in diagnostic
capacity can hinder early containment and allow
outbreaks to expand (Dzotsi et al., 2016).

The of
outbreaks in Ghana, despite ongoing control
efforts, indicates that current strategies have not
adequately addressed the underlying drivers of

continued occurrence cholera
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transmission, particularly those related to
human, environmental, and ecological systems.
These interconnected factors underscore the
need for a One Health approach that integrates
multiple domains to improve understanding and
management of cholera dynamics.

This study investigates the epidemiological
trends and underlying risk factors associated
with cholera outbreaks in Ghana between 2024
and 2025. Using a One Health perspective, it
integrates human, environmental, and
ecological dimensions of transmission to provide
a comprehensive understanding of outbreak
dynamics and to identify key drivers that can
inform more effective prevention and control
strategies.

Material and methods

Study design and setting

This study employed a retrospective descriptive
design to investigate cholera outbreaks reported
in Ghana between 2024 and 2025. The study
aimed to characterize the spatial and
epidemiological distribution of cases across
affected regions, with a focus on temporal trends
and outbreak dynamics within this period.

Data sources and data collection

Data for this study were obtained from multiple
secondary sources to ensure comprehensive
coverage and validation. Primary outbreak data
retrieved from official reports and
surveillance platforms of the World Health
Organization (WHO), including global cholera
situation reports and surveillance databases.
The WHO maintains centralized repositories of
cholera data, including outbreak updates and
aggregated national reports, which are widely
used for epidemiological analyses.

were

Additional data were obtained from national
surveillance systems through official
publications and reports from the Ghana Health
Service (GHS) and the Parliament of Ghana,
which provide region-specific records of
suspected and confirmed cholera cases.

To complement these sources, a structured
literature search was conducted using electronic
databases, including PubMed and Google
Scholar. Search terms included combinations of
“cholera,” “Ghana,”
factors.” The identification of relevant data
sources followed established approaches in
cholera surveillance studies, combining WHO

“outbreak,” and “risk

databases, national health records, and peer-
reviewed literature to capture both
epidemiological and contextual information. Only
publicly available and verifiable data sources
were included.

Case definition

Case classification followed standard surveillance
definitions recommended by the World Health
Organization. A suspected case was defined as
any individual presenting with acute watery
diarrhea, with or without vomiting, particularly in
areas where cholera is known to occur. A
confirmed case was defined as a suspected case
with laboratory confirmation of Vibrio cholerae,
typically through culture or molecular methods
(WHO, 2023).

Data analysis

Descriptive statistical methods were used to
summarize the outbreak data. Frequencies and
proportions were calculated to describe the
distribution of cases and deaths across regions.
Temporal trends were assessed by comparing
outbreak patterns reporting periods
between 2024 and 2025. Data were organized
and analyzed using Microsoft Excel. Given the
variability in surveillance systems and the
likelihood of underreporting,
interpreted with consideration of
limitations in cholera data, including reporting
delays, inconsistencies in case classification, and
differences in data completeness across sources.

acCross

results were

known

Spatial analysis

Spatial analysis was conducted to examine the
geographic distribution of cholera cases across
Ghana's regions. A choropleth map was
generated to visualize regional variation in case
counts, with classification based on burden
levels. This approach enabled the identification of
spatial clustering and regional disparities in
transmission across the study period.

Ethical considerations

This study utilized publicly available secondary
data and did not involve direct interaction with
human participants. Ethical approval
therefore not required. Data were handled in
accordance with standard research and data use
guidelines.

was

Results

Overview of cholera outbreaks (October 2024 —
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February 2025)

A total of 6,145 suspected cholera cases, 719
confirmed cases, and 49 deaths were reported in
Ghana between October 2024 and February
2025. The distribution of suspected cases,

confirmed cases, deaths, and case fatality rates
(CFR) across the reporting periods is presented in
Table 1, while temporal trends are illustrated in
Figure 1.

Table 1: Distribution of suspected cases, confirmed cases, deaths, and case fatality rates (CFR) of cholera in

Ghana, between October 2024 and February 2025.

Date Suspected cases Confirmed cases Deaths CFR (%)
10/11/2024 93 9 1 1.08
11/14/2024 1,726 131 16 0.93
02/13/2025 6,145 719 49 0.80
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Figure 1: Temporal trends of suspected cases, confirmed cases, deaths, and case fatality rates (CFR) of cholera

in Ghana, between October 2024 and February 2025.

Temporal trends in cholera cases and
mortality

As of 11 October 2024, a total of 93 suspected
cases, 9 confirmed cases, and 1 death were
reported in the Greater Accra Region,
representing the initial detection phase of the
outbreak (Global Task Force on Cholera Control,
2024). By 14 November 2024, the number of
cases had increased substantially to 1,726
suspected cases, 131 confirmed cases, and 16
deaths, indicating a rapid escalation in reported
cases (International Organization for Migration,
2025). By 13 February 2025, the outbreak had
further expanded, with 6,145 suspected cases,
719 confirmed cases, and 49 deaths reported.
These cases were distributed across five regions:
Greater Accra, Central, Western, Ashanti, and

Eastern Regions (Parliament of Ghana, 2025).
Overall, the temporal pattern shown in Figure 1
demonstrates a consistent increase in suspected,
confirmed, and fatal cases across the study period.

Spatial distribution of cases

The spatial distribution of cholera cases shifted
throughout the study period. The outbreak was
initially limited to the Greater Accra Region in
October 2024. By February 2025, cases had
emerged in several additional regions. Ultimately,
cases were documented in Greater Accra, Central,
Western, Ashanti, and Eastern Regions, reflecting
a broader geographic spread.

Case fatality rate (CFR)

The case fatality rate (CFR) declined gradually
during the study period, decreasing from 1.08% in
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October 2024 to 0.93% in November 2024, and
further to 0.80% by February 2025 (Table 1).

Discussion

Overview and
patterns

interpretation of outbreak

The progressive increase in reported cases over
time (Figure 1) and the expansion across multiple
regions (Table 1) indicate that cases were not
uniformly distributed across the country. The
highest burden occurred in the Greater Accra and
Central Regions.

Regions with a high burden of cholera share
characteristics that facilitate transmission. The
Greater Accra Region, for instance, is
characterized by high population density, rapid
urbanization, and informal settlements lacking
adequate sanitation infrastructure. Coastal
areas, such as the Central Region, are affected by
proximity to marine and estuarine environments,
which support the environmental persistence of
V. cholerae. These geographic and environmental
factors collectively create conditions conducive to
both exposure and transmission.

This concentration suggests that
transmission was driven by local conditions that
favored the persistence and amplification of
Vibrio cholerae. Recent assessments of cholera
dynamics in endemic areas have identified similar
geographical clustering, with transmission often
limited to high-risk areas defined by
environmental and socio-demographic factors
(Weill et al., 2019a; Pasetto et al., 2017).

Although the total number of cases reported
in 2025 was considerably lower than during the
2014 epidemic, the persistence of cases across
multiple regions suggests that the primary drivers
of transmission remain largely unchanged
(Apenteng et al., 2023). Data from other African
settings support this observation, as cholera has
shifted from large, explosive epidemics to more
periodic, geographically confined outbreaks that
are difficult to eliminate (Bwire et al., 2018).

Urban characteristics such as overcrowding,
inadequate waste disposal, and inconsistent
access to safe water likely contributed to the
amplification of cases in densely populated
regions. Coastal and low-lying areas may also
experience increased environmental exposure
due to interactions between human populations
and contaminated water bodies. Similar spatial
patterns have been documented in West African
settings, where cholera transmission is strongly

influenced by urban density and environmental
exposure pathways (Mengel et al., 2014a; Bwire et
al., 2018).

This pattern aligns with the temporal increase
in cases observed during the study period (Figure
1). The rise from 93 to 6,145 suspected cases
occurred alongside geographic expansion into
additional regions, underscoring the significance
of localized amplification and subsequent spatial
dissemination.

Transmission dynamics of cholera in Ghana

Cholera transmission in Ghana persists through
complex interactions between human populations,
environmental reservoirs, and microbial ecological
processes. At its core, transmission
shedding of Vibrio cholerae in human feces,
followed by contamination of water sources used
for drinking, food preparation, and domestic
activities. However, this cycle extends beyond a
simple human-water interface and is embedded
within a broader ecological system that influences
pathogen survival, amplification, and
reintroduction into human populations.

involves

As illustrated in Figure 2, transmission follows
a cyclical pathway linking human infection,
environmental persistence, re-exposure.
Aquatic environments serve as the primary
reservoir, where V. cholerae persists through
associations with a wide range of biotic and abiotic
components. The organism is well documented to
attach to planktonic organisms, particularly
copepods and other crustaceans, which enhance
its  environmental and facilitate
proliferation under favorable conditions(Vezzulli et
al., 2020; Constantin de Magny et al., 2007).
Similarly, phytoplankton and aquatic plants
provide nutrient-rich surfaces that support
bacterial persistence and biofilm formation,
contributing  to long-term environmental
maintenance of the pathogen (Lipp et al., 2002).

and

survival

Beyond planktonic associations, V. cholerae
has been isolated from a variety of aquatic and
semi-aquatic organisms, including fish, mollusks,
and turtles, which may act as environmental
reservoirs or carriers within aquatic ecosystems
(Senderovich et al., 2010). Chironomid egg masses

have also been identified as important
microhabitats, providing protective niches that
enhance bacterial survival and facilitate
persistence across fluctuating environmental

conditions (Broza and Halpern, 2001). These
diverse reservoirs collectively contribute to the
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environmental stability of V. cholerae,
particularly in coastal and estuarine regions of
southern Ghana.

Interactions with terrestrial and mobile
organisms further extend the ecological network
of transmission. In addition, aquatic birds have
been implicated in the long-distance dispersal of
Vibrio cholerae through migratory movement and
fecal contamination of water bodies, further
contributing to the spatial spread of the pathogen
across regions (Halpern et al., 2008). Nematodes
and other small invertebrates present in aquatic
sediments may also harbor the organism,
contributing to its persistence in benthic
environments (Senderovich et al., 2010).

At the microbial level, V. cholerae exists within
a dynamic ecological community shaped by both
cooperative antagonistic
Protists, for instance, can act as grazing
predators, reducing bacterial populations, while
also providing intracellular niches that may
enhance

and interactions.

bacterial survival under certain
(Matz Kjelleberg, 2005).
Bacteriophages play a critical regulatory role by
infecting and lysing V. cholerae, thereby
influencing bacterial population dynamics and
potentially contributing to the decline of
outbreaks (Faruque et al., 2005). In addition,
competition with other aquatic bacteria may limit
or modulate V. cholerae growth through resource
competition and production of inhibitory
compounds (Vezzulli et al., 2020).

conditions and

These ecological interactions demonstrate
that the persistence of V. cholerae depends on a
complex network of biological relationships.
Environmental factors, including temperature,
salinity, and nutrient availability, further shape
these interactions and influence the transition
between dormant and active bacterial states.

Climatic and hydrological processes act as key
mechanisms linking environmental reservoirs to
human populations. Rainfall and flooding events
mobilize fecal contaminants from open defecation
sites, poorly managed waste systems, and
drainage networks into water bodies, thereby
increasing pathogen loads and exposure risks
(Rebaudet et al., 2013b). Flooding also disrupts
sanitation infrastructure and limits access to safe
water, forcing reliance on contaminated sources
and amplifying transmission.

In this context, human activities remain
central to sustaining the transmission cycle. After
environmental exposure, infected individuals shed
large quantities of V. cholerae in feces,
reintroducing the pathogen into water systems
and reinforcing the environmental reservoir. This
continuous feedback loop ensures the persistence
of cholera within affected communities,
particularly where sanitation and water treatment
systems are inadequate.

The geographical distribution of cases
observed during the 2025 outbreak suggests that
transmission was sustained through repeated
localized exposure rather than  through
widespread, uniform dissemination. In high-
burden regions, the convergence of environmental
contamination, ecological persistence, and human
behavioral factors likely created conditions for
continuous reintroduction of the pathogen into the
population.

Taken together, these findings demonstrate
that cholera transmission in Ghana is sustained
by an interconnected network of human,
environmental, and microbial  processes.
Understanding this complexity is essential for
designing interventions, as
strategies address not only direct
contamination pathways but also the broader
ecological systems that enable V. cholerae to
persist and circulate (Tutu et al., 2019; Constantin
de Magny et al., 2007).

effective control

must

Risk factors driving the 2025 cholera outbreak

The 2024-2025 cholera outbreaks in Ghana
reflect the convergence of multiple interacting
determinants operating across human,
environmental, and animal health systems. The
observed increase in case numbers and
geographic spread suggests that transmission
was sustained not by a single pathway, but by the
interaction of structural WASH deficiencies, rapid
urbanization, environmental contamination,
climatic  variability, health  system
limitations. These interconnected drivers have
been consistently identified in cholera-endemic
settings and remain inadequately addressed in
Ghana despite previous outbreak responses
(Mengel et al., 2014b; Apenteng et al., 2023). The
risk factors related to cholera cases in Ghana are
presented in Figure 3.

and
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Elimination of Vibrio cholerae
via feces
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Figure 2: Vibrio cholerae relationships in its natural environment. 1 - Aquatic birds (reservoir); 2 - Terrestrial
insects (reservoir); 3 - Turtles (reservoir); 4 - Chironomid egg masses (reservoir); 5 - Fish (reservoir); 6 -
Crustaceans (reservoir); 7 - Mollusks (reservoir); 8 - Aquatic plants (reservoir); 9 - Protists (antagonistic
relationship); 10 - Nematodes (reservoir); 11 - Bacteriophages (antagonistic relationship); 12 - Phytoplankton
(reservoir); 13 - Antagonistic bacteria (antagonistic relationship). After environmental transmission, infected

humans eliminate the bacteria via feces, transmitting the bacteria back to the environment, ensuring the
perpetuation and maintenance of Vibrio cholerae.
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Figure 3: Risk factors related to the occurrence of cholera cases in the context of One Health. In animal health,
factors include the irrational use of antimicrobials; bacterial resistance factors; direct contact between wildlife
and humans; mutations; interaction of Vibrio cholerae with other microorganisms; and loss of natural habitats.
In environmental health, the factors are agriculture, deforestation, excessive rainfall, climate change; and
livestock farming. In human health, the factors are the lack of public policies; urbanization of inappropriate,
irregular, and unplanned areas; socioeconomic factors; food insecurity; low education; lack of access to basic
sanitation; low access to health services; lack of hygiene practices; and irrational use of antimicrobials.
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Demographic growth, and

settlement pressure

urbanization,

Ghana has undergone sustained population
growth, with recent estimates indicating a
population exceeding 34 million and an annual
growth rate of approximately 2.0-2.2% (World
Bank, 2023). Urbanization has progressed in
parallel, with 58-59% of the population now
residing in urban areas and an urban growth rate
surpassing 3% per year (United Nations
Department of Economic and Social Affairs,
2025).

Despite rapid population growth, the
expansion of sanitation infrastructure, drainage
systems, and safe water supply has lagged
behind. In Accra and other major cities, informal
settlements have expanded substantially. These
settlements are marked by overcrowding, shared
sanitation facilities, inadequate waste disposal,
and insufficient drainage. Such conditions
promote environmental pollution and increase
the likelihood of fecal-oral transmission after the
introduction of Vibrio cholerae. Comparable
associations between unplanned urbanization
and cholera incidence have been documented
throughout sub-Saharan Africa, where peri-
urban slums consistently serve as transmission
hotspots (Zerbo et al., 2020); (Mengel et al.,
2014b). In Ghana, previous outbreaks, including
the 2014 epidemic, exhibited pronounced
clustering in densely populated urban districts,
underscoring the influence of settlement
structure on outbreak dynamics (Apenteng et al.,
2023).

Water, sanitation, and hygiene (WASH) deficits

Access to safely managed water and sanitation
remains one of the most critical determinants of
cholera risk. According to the WHO/UNICEF
Joint Monitoring Program, while a substantial
proportion of Ghana’s population has access to at
least basic drinking water services, safely
managed sanitation remains significantly lower,
with persistent reliance on shared or unimproved
facilities and continued practice of open
defecation in some communities (Kaur, 2024).
Unsafe water handling further compounds
this challenge. Intermittent piped water supply
necessitates household water storage, thereby
increasing the risk of contamination during
collection, transport, and storage.
Epidemiological studies demonstrate that point-
of-use contamination is a significant contributor

to cholera transmission, even when the original
water source is safe (Nguyen et al., 2025).

Inadequate hygiene practices, such
insufficient handwashing, improper cleaning of
utensils, and wunsafe food handling, facilitate
ongoing fecal-oral transmission within households
and communities. These observations are
consistent with studies in cholera-endemic
settings, where WASH deficiencies are identified as
the primary drivers of outbreaks (Rebaudet et al.,
2013Db).

as

Climate variability, and

environmental change

excessive rainfall,

Climatic and environmental factors play a major
role in shaping cholera transmission dynamics. In
Ghana, seasonal rainfall patterns and recurrent
flooding significantly influence water
contamination. Heavy rainfall can mobilize fecal
material from open defecation sites, overflowing
latrines, refuse dumps, and drainage systems into
surface and groundwater sources,
exposure risk (Rebaudet et al., 2013a).

Climate change is expected to intensify these
processes. Increasing rainfall variability, extreme
precipitation events, and rising temperatures in
West Africa may enhance the environmental
survival and proliferation of V. cholerae (Moore et
al., 2017). Warmer aquatic environments and
nutrient enrichment can support bacterial
persistence in coastal and estuarine ecosystems
(Vezzulli et al., 2020).

In addition, anthropogenic
degradation, including illegal small-scale mining
(galamsey) may further exacerbate cholera risk.
Galamsey activities have been shown to increase
turbidity, heavy  metals,
contaminate surface water bodies, rendering them
unsafe for domestic use (Faseyi et al., 2022). Such
contamination can indirectly contribute to cholera
transmission by increasing
compromised water sources
aquatic ecological balance.

increasing

environmental
and

introduce

reliance
and disrupting

on

Agriculture, livestock farming, and land-use
pressures

Agriculture remains a major sector in Ghana,
employing approximately 30-35% of the
workforce, particularly in rural areas (World Bank,
2023). Smallholder farming dominates,
irrigation often relies on untreated surface water
sources, which may be contaminated with fecal
material.

and
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The use of contaminated water in irrigation,
particularly for vegetables consumed raw, has
been associated with the transmission of enteric
pathogens, including cholera (Mengel et al.,
2014b). In addition, livestock farming, including
poultry, piggery, and cattle production, may
indirectly contribute to environmental
contamination by causing manure runoff into
nearby water bodies.

Intensive and semi-intensive animal
production systems are frequently linked to the
prophylactic and therapeutic use of

antimicrobials, often in the absence of adequate
regulation. This practice contributes to the
emergence of antimicrobial-resistant bacteria
within reservoirs, which  may
subsequently enter environmental systems via
waste discharge. These exposure pathways
elevate the risk of human contact with resistant
organisms, especially in communities dependent
on untreated water sources.

animal

The presence of antimicrobial residues and
resistant bacteria in animal-derived food
products and environmental matrices may
contribute to adverse drug responses (ADRs) and
diminished efficacy in
populations. This issue is particularly significant
in cholera management, where antimicrobial-
resistant strains can undermine treatment,
prolong illness, and heighten the risk of ADRs,
especially in severe cases requiring antibiotics.
Deforestation and land-use change further
exacerbate these risks. Vegetation loss increases
surface runoff, erosion, and sediment transport,
facilitating contamination of water sources.
Habitat destruction may also bring wildlife into
closer proximity with human populations,
thereby increasing exposure to contaminated
environments.

treatment human

Irrational antimicrobial bacterial

resistance and mutations

use,

The inappropriate use of antimicrobials in both
human and animal health systems represents a
significant and emerging concern. In many low-
and middle-income settings, antibiotics are often
used without prescription, administered at
incorrect dosages, or applied in
production for growth promotion and disease
prevention.

livestock

These practices generate selective pressure for
antimicrobial resistance (AMR), including the

emergence of resistant V. cholerae strains.

Studies have documented increasing resistance to
commonly used antibiotics in cholera-endemic
regions, raising concerns regarding treatment
efficacy and outbreak control (Das et al., 2020);
(Weill et al., 2019D).

At the molecular level, resistance in Vibrio
cholerae has been linked to mutations in
quinolone resistance-determining regions
(QRDRs), particularly in the gyrA and parC genes,
as well as the acquisition of mobile genetic
elements such as the SXT integrative conjugative
element, which facilitates horizontal transfer of
multidrug resistance genes (Opintan et al., 2008;
Mohanraj and Mandal, 2022). These genetic
adaptations enhance bacterial survival under
antimicrobial pressure and facilitate the rapid
dissemination of resistance traits across Vibrio
cholerae populations.

Environmental pathways are also critical.
Antibiotic residues originating from households,
healthcare facilities, and agricultural systems can
enter water bodies, alter microbial communities,
and promote horizontal gene transfer. These
processes may facilitate bacterial adaptation and
persistence in aquatic environments.

Within a One Health framework, antimicrobial
resistance (AMR) must be recognized as a cross-

sectoral issue that links human medicine,
veterinary practices, and environmental
contamination.

Poverty, food insecurity, and education

Socioeconomic factors are central determinants of
cholera vulnerability. In Ghana, poverty and
inequality affect access to safe water, sanitation,
and healthcare. Lower-income households are
more likely to depend on unsafe water sources,
reside in overcrowded conditions, and delay
seeking treatment.

Food insecurity is an additional risk factor. The
Food and Agriculture Organization estimates that
a significant proportion of the population in sub-
Saharan Africa experiences moderate to severe
food insecurity, which may influence dietary
choices and increase reliance on unsafe food
sources (FAO; IFAD; UNICEF; WFP; WHO, 2022).
Street-vended foods, frequently prepared under
inadequate hygienic conditions, have been
implicated in cholera transmission (Mintz et al.,
1994).

Education serves as a protective factor. Higher
educational attainment is associated with
improved hygiene practices, greater
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understanding of disease prevention, and earlier
healthcare seeking. Conversely, low health
literacy has been linked to increased cholera risk
in Ghanaian communities (Tutu et al., 2019).

Health system capacity and access barriers

The effectiveness of cholera control is strongly
dependent on health system capacity. Ghana’s
health workforce density remains relatively low,
with estimates indicating fewer than one
physician per 1,000 population (World Bank,
2022). Healthcare infrastructure is unevenly
distributed, with advanced facilities concentrated
in major urban centers such as Accra and
Kumasi.

Barriers to healthcare access encompass
distance, transportation difficulties, cost, and
limited availability of trained personnel in rural
areas. Delays in  diagnosis, laboratory
confirmation, and initiation of treatment may
permit outbreaks to expand before control
measures are enacted.

Previous studies in African contexts have
demonstrated that weak surveillance systems,
delayed responses, and limited laboratory
capacity are associated with prolonged cholera
outbreaks (Mengel et al., 2014b). Strengthening
early warning systems, rapid response teams,
and decentralized healthcare delivery is therefore
essential.

Public health policies and institutional

response to cholera in Ghana

Ghana has implemented several public health
policies and institutional frameworks to control
and prevent cholera outbreaks. Key among these
is the National Cholera Control Plan, which aligns
with global strategies such as the Global Task
Force on Cholera Control (GTFCC) roadmap to
reduce cholera deaths by 90% by 2030 (WHO,
2017). The Ghana Health Service (GHS), in
collaboration with the Ministry of Health, leads
outbreak surveillance, case management, and
response coordination.

National policies emphasize improvements in
water, sanitation, and hygiene (WASH), alongside
health education, disease surveillance, and rapid
response mechanisms. Programs such as the
Community-Led Total Sanitation (CLTS) initiative
aim to reduce open defecation and improve
sanitation practices at the community level. In
addition, Ghana has participated in oral cholera

vaccine (OCV) campaigns in high-risk areas,
particularly during outbreak periods.
International collaborations have played a
pivotal Ghana has partnered with
organizations such the World Health
Organization (WHO), UNICEF, and other
development partners to strengthen surveillance
systems, enhance laboratory capacity, and
support emergency response efforts. Despite these
initiatives, challenges remain in consistently
implementing policies, particularly in rapidly
urbanizing and resource-limited settings.

role.
as

Enhancing policy enforcement, improving
coordination, and incorporating
environmental and animal health considerations
into national strategies are essential for
sustainable cholera control.

intersectoral

Integrated One Health interpretation

The 2025 cholera outbreak in Ghana is best
understood as the outcome of interconnected
processes spanning human, environmental, and
animal systems. Rapid urbanization increased
population density and environmental
contamination;, WASH deficiencies facilitated
fecal-oral transmission; climatic variability and
flooding dispersed pathogens; agricultural
practices and environmental degradation affected
water quality; antimicrobial misuse contributed to
resistance pressures; and socioeconomic and
health system factors constrained resilience and
response capacity.

Animal and ecological interactions further
contribute to this complexity. Habitat loss,
wildlife-human contact, and shared
environmental resources may increase exposure to
contaminated ecosystems. At the microbial level,
interactions between V. cholerae, bacteriophages,
competing bacteria, and other aquatic organisms
influence pathogen persistence and outbreak
dynamics (Vezzulli et al., 2020).

This integrated perspective underscores that
effective cholera control in Ghana necessitates
coordinated, multisectoral interventions targeting

water and sanitation infrastructure,
environmental management, antimicrobial
stewardship, food safety, and health system
strengthening. Failure to address these
interconnected drivers will likely result in

persistent recurrent outbreaks.

Future perspectives: Artificial intelligence for
cholera prevention
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The recurrent nature of cholera outbreaks in
Ghana highlights the necessity of shifting from
reactive outbreak response to proactive, data-
driven prevention. In this context, artificial
intelligence (Al) presents practical opportunities
to enhance cholera surveillance, prediction, and
control when integrated with existing public
health systems.

Machine learning models have demonstrated
the ability to predict cholera outbreaks by
combining  environmental, climatic, and
epidemiological data, including rainfall,
temperature, flooding patterns, and historical
case distribution (Moore et al., 2017; Pasetto et
al., 2017). In Ghana, where cholera transmission
is strongly associated with seasonal rainfall and
urban flooding, such models could be adapted to
generate early warning systems at district or
community levels, particularly in high-risk areas
such as coastal and densely populated urban
settlements.

In addition, the increasing availability of
geospatial and data provides
opportunity to monitor environmental conditions
linked to Vibrio cholerae persistence, including
surface water dynamics and phytoplankton
activity (Vezzulli et al., 2020). When integrated
with national surveillance systems, these tools
could support real-time risk mapping and guide
targeted interventions such as water treatment,
sanitation improvements, and pre-emptive public
health campaigns.

Al applications improve the
responsiveness of the health system. Automated
data processing and digital reporting platforms
can reduce delays in case detection and reporting,
while predictive models can help optimize the
allocation of limited healthcare resources,
including treatment centers and medical
resources, during outbreak peaks.

satellite an

can also

However, the successful implementation of Al-
driven approaches in Ghana depends
strengthening data infrastructure, ensuring data
quality, and building technical capacity within
public health institutions. These tools should
complement existing surveillance frameworks
and be adapted to local epidemiological and
environmental contexts.

on

Integrating Al into cholera prevention
strategies in Ghana offers the potential to improve
early detection, enhance the targeting of
interventions, and reduce the magnitude and

impact of future outbreaks.

Limitations

This study has several limitations that must be
considered when interpreting the findings. First,
the analysis relies on routine surveillance data
from reported cholera cases, which may be subject
to underreporting, delayed notification, and
variability in diagnostic confirmation across
regions. These factors may affect the accuracy of
incidence estimates and the interpretation of
spatial distribution patterns observed during the
2025 outbreak.

Second, the study primarily utilizes
epidemiological and secondary data sources and
does not include microbiological or genomic
characterization of circulating Vibrio cholerae
strains. Consequently, it is not possible to assess
strain diversity, transmission linkages, or
antimicrobial resistance profiles at the molecular
level, which could yield deeper insights into
outbreak dynamics.

Third, although the study adopts a One Health
perspective, the analysis is limited by the lack of
locally available data on environmental reservoirs,
animal-associated transmission pathways, and
microbial ecological interactions in Ghana. This
restricts the ability to quantitatively evaluate the
contribution of non-human factors to cholera
persistence.

Finally, the observational design of the study
limits the ability to establish causal relationships
between identified risk factors and cholera
transmission. While associations can be inferred,
further longitudinal and multidisciplinary studies
incorporating environmental monitoring, genomic
surveillance, and behavioral data are required to
strengthen causal understanding. Additionally,
reliance on aggregated data restricted the ability to
conduct fine-scale spatial or individual-level risk
analyses.

Conclusions

The 2024-2025 cholera outbreaks
demonstrate that cholera transmission remains a
persistent and multifactorial public health
challenge driven by interconnected human,
environmental, and ecological determinants. The
observed increase in case numbers and geographic
expansion across regions reflects the continued
influence of structural vulnerabilities, including
inadequate water, sanitation, and hygiene (WASH)
infrastructure, rapid and unplanned urbanization,
climatic variability, and limitations in health
system capacity. The findings indicate that cholera

in Ghana
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transmission in Ghana is maintained through a
complex feedback system involving
environmental reservoirs, human behavioral
factors, and microbial ecological interactions.
Despite a reduction in case fatality rates over
time, the persistence and spread of outbreaks
suggest that current control strategies have not
adequately addressed the underlying drivers of
transmission. The adoption of a One Health
approach offers a comprehensive framework for
understanding and addressing these
interconnected risk factors. Effective cholera
control in Ghana will require integrated,
multisectoral interventions that combine
improvements in WASH infrastructure,
environmental management, antimicrobial
stewardship, strengthened surveillance systems,
and enhanced public health policy
implementation. Future strategies should
prioritize proactive, data-driven approaches,
including the integration of emerging tools such
as artificial intelligence for early warning and
outbreak prediction. Without sustained and
coordinated efforts across sectors, cholera is
likely to remain endemic, with recurrent
outbreaks imposing significant health and
socioeconomic burdens.
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