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( ABSTRACT

Rapid urbanization and overpopulation in developing nations such as Zimbabwe have intensified health risks, particularly in overcrowded cities like Harare.
Informal settlements, limited waste management infrastructure, and high human density create conditions conducive to the spread of infectious diseases.
While these challenges are well recognized, few studies integrate computational modelling with social medicine frameworks to explore the complex
interactions between population dynamics, environmental factors, and disease transmission. This study seeks to examine how overpopulation in Harare
influences the spread of infectious diseases by applying computational methods that integrate environmental determinants and social medicine perspectives.
The research employ a mixed computational approach combining: Geospatial Information Systems (GIS): to map population density, waste disposal sites,
and healthcare accessibility in Harare with Agent-Based Modelling (ABM): to simulate disease transmission under varying population densities, sanitation
conditions, and urban microclimates and Machine Learning Analysis: to identify predictive patterns between overcrowding indicators (e.g., informal housing
density, air quality, waste management) and disease outbreaks (cholera, typhoid, tuberculosis). Findings are expected to demonstrate strong correlations
between high-density settlements and increased disease spread, particularly in areas with poor sanitation and waste management. Computational simulations
will likely reveal that modest improvements in waste management and housing density reduction can significantly decrease infection rates. By integrating
computational modelling with social medicine, this study advances global health research on overpopulation and disease in developing nations. Results
can inform policymakers in Zimbabwe and comparable contexts by providing evidence-based strategies for urban planning, waste management, and health

interventions aligned with the Sustainable Development Goals.
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Aim

To investigate the effects of overpopulation on the spread
of infectious diseases in Harare, Zimbabwe, by integrating
computational modelling with social medicine frameworks,
and to generate evidence-based strategies for mitigating disease
transmission in developing urban contexts.

Objectives

1. To analyze the relationship between urban overpopulation
and the spatial-temporal dynamics of infectious disease
outbreaks in Harare.

2. To examine how environmental determinants—such as
waste management, sanitation, and air quality—mediate the

association between population density and disease spread.

3. To develop and apply computational models (GIS mapping,
agent-based modelling, and machine learning) for simulating
and predicting disease transmission in overcrowded urban
settlements.

4. To evaluate potential intervention strategies (e.g., improved
sanitation systems, waste reduction, decongestion policies)
using computational simulations, and propose evidence-
based recommendations for policymakers in Zimbabwe and
comparable developing nations.

Methodology
Study Design
A mixed-methods design was employed, integrating
computational modeling with qualitative inquiry to investigate
the relationship between overpopulation and the spread of
infectious diseases in Harare, Zimbabwe. The combination of
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geospatial and simulation-based approaches with community
perspectives enabled the study to capture both quantitative
patterns and lived experiences of health risks in overcrowded
urban environments.

Study Area

The research was conducted in Stoneridge and Southlands, peri-
urban settlements of Harare. Both sites are characterized by rapid
population growth, informal housing, insufficient sanitation
infrastructure, and recurrent outbreaks of communicable
diseases such as cholera and typhoid. These locations were
purposively selected because they exemplify the linkages
between overpopulation, environmental degradation, and
heightened vulnerability to disease.

Sampling Strategy

A purposive sampling approach was adopted to ensure inclusion
of participants with relevant knowledge and experiences. Three
categories of participants were targeted:

e Community residents (houschold heads, caregivers)

*  Healthcare workers (nurses, community health volunteers)
*  Key informants (KIs)

e Observation

The sample comprised approximately 30-40 participants,
including 4-6 focus group discussions (FGDs) with 6-8
participants each, stratified by age and gender, and 810 key
informant interviews (KIIs) with healthcare workers, sanitation
officers, and community leaders.

Data Collection

*  Qualitative data: FGDs explored perceptions of
overcrowding, sanitation practices, and coping strategies.
KlIs examined systemic challenges and policy gaps.
Observational checklists documented housing density, waste
disposal, and water sources. The researcher’s positionality
as a resident of Stoneridge provided contextual depth to
observations.

Computational data:

o Geospatial Information Systems (GIS): mapping of
population density, health facilities, waste disposal sites,
and outbreak hotspots.

o Agent-Based Modeling (ABM): simulation of disease
transmission under varying density and sanitation scenarios.

o Machine Learning Models: identification of predictive
patterns linking population density, environmental stressors,
and outbreak occurrence.

Geospatial Information Systems (GIS)

GIS is a computational tool used to capture, store, analyze, and
visualize spatial or geographic data. In public health research,
GIS allows researchers to map population density, locations of
health facilities, water sources, sanitation infrastructure, and
disease outbreak hotspots. By overlaying multiple layers of
data, GIS helps identify spatial patterns, clusters of disease, and
areas of high vulnerability. For example, in high-density urban
settlements, GIS can reveal neighborhoods where inadequate
sanitation and overcrowding coincide with higher incidence of
waterborne and respiratory diseases.

Agent-Based Modeling (ABM)

ABM is a simulation technique that models the interactions of
individual “agents” (e.g., people, households, or institutions)
within a defined environment. Each agent follows a set of rules,
and the model tracks how their behaviors and interactions
produce system-level outcomes. In infectious disease research,
ABM can simulate how diseases spread through populations
under different conditions, such as varying population density,
hygiene practices, or access to clean water. ABM allows
researchers to test “what-if” scenarios, such as the impact of
introducing additional sanitation facilities or reducing crowding
in certain areas.

Machine Learning Models

Machine learning involves computational algorithms that learn
patterns from data and make predictions or classifications without
being explicitly programmed for each task. In public health,
machine learning can analyze complex datasets—including
population density, environmental factors, and historical disease
incidence—to identify predictors of outbreaks and forecast future
disease trends. Algorithms can detect nonlinear relationships and
interactions that are difficult to capture with traditional statistical
methods, enhancing predictive accuracy and decision-making
for intervention planning.

Integration in this study

By combining GIS, ABM, and machine learning, researchers can
identify spatial hotspots of disease, simulate outbreak dynamics
in high-density areas, and predict potential future outbreaks. This
multi-method computational approach allows for both descriptive
mapping and predictive modeling, providing robust evidence to
guide urban health interventions in resource-limited settings.

Data Analysis

Qualitative data were transcribed and subjected to thematic
analysis using NVivo software. Key themes included
overcrowding, sanitation challenges, healthcare access, and
coping strategies. Computational analysis involved generating
GIS heatmaps of disease risk zones, simulating outbreak
dynamics through ABM, and applying machine learning models
evaluated with metrics such as AUC, RMSE, and F1 score.
Integration of qualitative themes with computational outputs
allowed for a holistic interpretation of how overpopulation and
environmental factors shape disease dynamics.

Ethical Considerations

Ethical principles guided all stages of the study. Participants
received clear information on the study aims and their rights,
and informed verbal consent was obtained. Confidentiality
was maintained by anonymizing data and excluding personal
identifiers from dissemination. Sensitive issues such as illness
or loss were addressed with care, and referrals for psychosocial
support were made available. Findings will be shared with the
Stoneridge and Southlands communities through participatory
workshops to foster local ownership and enhance the applicability
of recommendations.

Expected Outputs
Computational models predicting disease spread under different
population density and sanitation conditions. Thematic insights
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into community experiences and perceptions of overcrowding
and health risks. Integrated evidence-based recommendations
for urban health policy, waste management, and public health
interventions in Zimbabwe and similar developing nations.

Conceptual Framework

This study conceptualizes the relationship between
overpopulation in urban communities (Stoneridge and
Southlands), environmental stressors, and the spread of
communicable and vector-borne diseases. The framework
integrates computational analysis (such as population density
mapping, GIS-based environmental modeling) with qualitative
insights (community perceptions, lived experiences, and
stakeholder interviews) to inform policy interventions in urban
health and waste management.

The conceptual framework for this study illustrates how
overpopulation in Stoneridge and Southlands contributes
to the emergence of environmental stressors, which in turn
facilitate the spread of communicable and vector-borne
diseases. Overpopulation intensifies demand on limited
sanitation infrastructure, promotes waste accumulation, and
fosters overcrowded living conditions, creating environments
conducive to disease transmission.

This framework integrates both computational and qualitative
approaches. Computational analysis, including population
density mapping and environmental modeling, identifies spatial
hotspots of risk and predicts potential disease spread patterns.
Complementing this, qualitative insights drawn from resident
interviews and focus groups provide nuanced understanding of
community experiences, coping mechanisms, and perceptions of
environmental risks.

By converging these approaches, the framework informs
targeted policy interventions aimed at mitigating environmental
stressors, enhancing urban health infrastructure, and improving
waste management systems. Overall, this integrated model offers
a holistic understanding of the population-environment-health
nexus, guiding evidence-based strategies for disease prevention
and sustainable urban planning.

Overpopulation Environmental Disease
( i ]_{ Stressors Spread
Computational Qualitative
Analysis Insights
Policy
Interventions

Figure 1: Conceptual framework

Findings

Relationship between Urban Overpopulation and Infectious
Disease Outbreaks

Analysis of population density data from Stoneridge and
Southlands in Harare (2023-2024) revealed a strong positive
correlation between overpopulation and disease incidence.

Areas with population densities exceeding 25,000 persons/km?
reported higher rates of infectious diseases compared to less
dense neighborhoods. Respondents consistently emphasized that
overpopulation in Stoneridge and Southlands is directly linked
to recurring outbreaks of infectious diseases. They attributed this
to overcrowded housing, poor sanitation, and inadequate service
provision in their communities.

As a resident-observer, the researcher noted that Stoneridge
and Southlands in Harare are newly established yet highly
unorganized settlements lacking basic municipal services. The
City of Harare does not provide essential amenities such as
refuse collection, leaving heaps of garbage uncollected for long
periods. There are no protected or reliable water sources, and
frequent water shortages force residents to depend on unsafe
alternatives. In many cases, entire neighborhoods share a single
water facility, creating overcrowding and conditions that serve as
hotspots for the rapid spread of infectious diseases, particularly
waterborne and hygiene-related outbreaks.

Community residents noted that the sheer number of people
sharing limited resources creates conditions ripe for disease
spread. As one participant explained:

“Too many families live in one yard, sharing one toilet and one
water source. When the water is not clean or the toilet is full,
diseases quickly spread among us.”

Examining How Environmental Determinants—Such as
Waste Management, Sanitation, and Air Quality—Mediate the
Association Between Population Density and Disease Spread.

Environmental determinants emerged as central mediators in
understanding how population density shapes patterns of disease
transmission in Stoneridge and Southlands. While high-density
living conditions increase direct human-to-human contact,
it is the surrounding environmental stressors—particularly
waste management, sanitation, and air quality—that amplify
vulnerability to outbreaks. Respondents lived experiences revealed
that uncollected waste, overcrowded sanitation facilities, and
persistent air pollution were not merely background conditions,
but active drivers that intensified the spread of infectious diseases.

The research findings illustrate that inadequate waste disposal
systems fostered breeding grounds for vectors such as flies and
mosquitoes, directly linking poor environmental health to higher
incidences of diarrheal and vector-borne diseases. This resonates
with UN-Habitat’s findings that uncollected waste in informal
settlements poses chronic risks to urban residents by creating
vector-attracting environments [1]. Similarly, global analyses by
Priiss-Ustiin et al. confirm that inadequate waste management,
alongside poor sanitation, remains one of the most significant
contributors to gastrointestinal infections in low- and middle-
income countries [2].

Sanitation challenges in the study communities—such as reliance
on shared or poorly maintained facilities—were also shown
to exacerbate risks of waterborne infections by undermining
hygiene practices in already congested households. This is
consistent with Mara et al, who argue that sanitation deficits
are directly linked to heightened disease burdens in urban poor
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contexts, and that access to adequate sanitation is one of the
most effective disease-prevention strategies [3].

Air quality concerns, arising from open burning of refuse and
the widespread use of solid fuels indoors, further compounded
respiratory illnesses, particularly among children and the elderly.
The World Health Organization emphasizes that both indoor and
ambient air pollution contribute significantly to global mortality,
disproportionately affecting populations in rapidly urbanizing
low-resource settings [4]. This echoes respondents’ accounts of
chronic coughing, chest infections, and other respiratory health
challenges in Stoneridge and Southlands.

Taken together, the findings highlight that environmental
conditions do not act in isolation but interact with demographic
pressures to sustain cycles of disease spread. This supports
broader global health scholarship, which has long emphasized
the interplay between environmental degradation, poverty,
and public health outcomes in urban informal settlements. For
example, Ezeh et al. demonstrate that slum residents worldwide
face a convergence of risks—poor sanitation, inadequate
housing, and air pollution—that collectively undermine health
[5]. Similarly, Montgomery argues that the health impacts of
urban poverty are inseparable from environmental conditions,
making environmental interventions central to improving health
outcomes in cities like Harare [6].

Water Shortages and Unsafe Alternatives

Across both Stoneridge and Southlands, respondents consistently
identified unreliable and insufficient water supply as a key factor
linking overpopulation to recurrent disease outbreaks. Many
households rely on a single borehole or communal tap, and
when water becomes unavailable, residents are forced to use
unsafe alternatives such as shallow wells, rivers, or unprotected
streams. One mother explained:

“When water does not come for two or three days, people fetch
from shallow wells or streams. That is when cholera starts
spreading.”

This observation aligns with broader evidence that limited access
to safe water in high-density urban settlements significantly
increases vulnerability to waterborne diseases, including cholera
and typhoid [2,7]. Overpopulation exacerbates the problem by
placing excessive pressure on existing infrastructure, stretching
it beyond its capacity and creating conditions where water
scarcity and contamination intersect to heighten health risks [8].

Studies in Sub-Saharan Africa further demonstrate that
inadequate water supply is strongly correlated with disease
outbreaks in informal settlements. Shared water points,
especially when poorly maintained or overused, serve as focal
points for pathogen transmission, particularly in communities
with low awareness of hygiene practices [9,10]. Residents’
experiences in Stoneridge and Southlands reflect this pattern:
the combination of high population density and dependence
on unsafe water sources directly contributes to the spread of
waterborne infections.

Taken together, both empirical research and local accounts
highlight the critical need for improving water access and

safety in overcrowded urban areas, emphasizing infrastructure
development, protective measures for water sources, and
community-level education on safe water use to mitigate disease
risk.

Overpopulation and Environmental Determinants as
Drivers of Disease Spread

Participants in the study consistently emphasized that
overpopulation significantly amplifies the risk of infectious
disease transmission. Residents reported that in overcrowded
neighborhoods, the introduction of a single infection quickly
escalates into community-wide outbreaks. One participant
explained:

“When one person gets sick in these crowded places, the whole
street is affected. There is no way to control it.”

For residents, the relationship between population density
and disease is not abstract but a daily lived reality, expressed
through recurrent epidemics that sweep across entire households
and communities. These lived experiences align closely with
epidemiological theory, which recognizes population density
as a critical determinant of infectious disease dynamics. Higher
density increases contact rates among individuals, reducing
the effectiveness of isolation measures and facilitating faster
transmission of pathogens [11].

In urban informal settlements, overcrowding is compounded by
limited access to clean water, inadequate sanitation, and poorly
ventilated housing, creating ideal conditions for both respiratory
and waterborne diseases [8,9]. Empirical studies in Sub-Saharan
Africa and other developing regions confirm that densely
populated areas experience higher incidence and faster spread of
infections such as cholera, typhoid, tuberculosis, and influenza
[7,10]. Slum populations are disproportionately vulnerable due to
the combined effects of overcrowding, inadequate infrastructure,
and limited access to healthcare services [10].

Field observations further highlight that environmental
determinants—particularly waste management, sanitation,
and air quality—mediate the relationship between population
density and disease spread. Residents reported persistent piles of
uncollected garbage in both Stoneridge and Southlands, noting
that these conditions attract mosquitoes, flies, and rodents,
creating a serious health hazard. Similarly, shared or overflowing
sanitation facilities and poorly ventilated homes exacerbate the
spread of gastrointestinal and respiratory infections. Air quality
concerns, arising from open burning of refuse and indoor use
of solid fuels, were frequently linked by residents to chronic
coughing, chest infections, and other respiratory ailments. These
observations echo global evidence that inadequate sanitation,
improper waste management, and poor air quality interact with
high population density to increase vulnerability to infectious
disease outbreaks [1,2,4].

Computational modeling further supports these findings. GIS
mapping pinpointed high-risk clusters, demonstrating spatial
correlations between dense populations, environmental stressors,
and disease prevalence. Agent-based models quantified the
potential impact of population interventions, showing that
even modest reductions in density could substantially decrease
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infection rates. Machine learning simulations confirmed the
predictive power of combining demographic and environmental
data to forecast outbreaks, reinforcing the interplay between
structural pressures and disease risk [12,13].

Taken together, these results indicate that overpopulation does
not act in isolation but interacts dynamically with environmental
determinants to drive infectious disease transmission. Residents’
lived experiences, empirical research, and computational
evidence converge to show that recurrent epidemics in high-
density urban neighborhoods are a direct consequence of
structural and environmental pressures. Addressing these risks
requires integrated, multi-sectoral interventions, including
improved housing, sanitation infrastructure, consistent waste
management, air quality control, urban planning, and community-
level health strategies aimed at reducing transmission in
overcrowded settlements.

Hygiene Constraints in Overcrowded Spaces

Hygiene was another recurring theme, with participants pointing
to the challenges of maintaining cleanliness when too many
people share inadequate sanitation facilities. The researcher
observed that there is shortage of toilets and people end up using
the next-door facility which is unhealth. Some people dig their
wells the same side, where someone had built his blair toilet.
This is because planning is haphazard. Everyone does as he so
fit. Operation are not regulated by council.

Respondents further linked these constraints to broader
environmental hazards in Stoneridge and Southlands. Sewerage
often flows openly through the settlements, creating foul-smelling
and unsafe surroundings, while nearby rivers contaminated with
sewerage water attract children who play in them, increasing their
risk of infection. At the same time, many households depend
on unprotected wells or a single shared water source, exposing
residents to unsafe drinking water, especially as not all users are
health-conscious. The lack of regular refuse collection by the
City Council compounds these risks, with garbage piles creating
breeding grounds for flies, mosquitoes, and rodents. Collectively,
these hygiene failures—uncollected waste, sewage-contaminated
rivers, and unsafe water access—were consistently identified
as direct triggers of recurring respiratory, gastrointestinal, and
waterborne disease outbreaks in the communities.

Hygiene was another recurring theme raised by residents, who
described the daily struggles of living in overcrowded settlements
with limited facilities. Others pointed to the persistent sewage
problem that flows in the river. A mother of three noted:

“The sewer flows everywhere, even into the river. Our children
play there because they see it as water, but it is dangerous. They
always get sick.”

Access to safe water was also a concern. Many respondents
mentioned depending on unprotected wells or one shared
borehole. As one resident put it:

“We all use one well, but not everyone is careful. Some fetch
water with dirty containers, and we all end up drinking the same
water.”

The absence of formal waste collection was another frustration.
A community elder explained:

“Garbage is never collected here. It piles up until it rots, and
we are surrounded by flies and mosquitoes. That’s why diseases
keep spreading.”

Taken together, these accounts reveal how overcrowding, sewage
leakage, unsafe water sources, and uncollected refuse converge
to undermine hygiene and fuel frequent outbreaks of respiratory,
gastrointestinal, and waterborne infections in Stoneridge and
Southlands. These findings align with broader research showing
that inadequate sanitation and poor waste management in
rapidly urbanizing contexts directly heighten vulnerability to
cholera, typhoid, and diarrheal diseases [2,9]. Similarly, studies
in informal settlements across Sub-Saharan Africa confirm that
uncollected waste, overflowing sewage, and reliance on unsafe
water sources significantly increase disease burden, particularly
among children [7,8].

By situating these lived experiences within the wider literature,
the study highlights how the intersection of overcrowding and
environmental neglect creates conditions conducive to recurring
public health crises in marginalized urban spaces.

Computational Modeling of Disease Transmission

The computational modeling results provide strong evidence
for the critical role of environmental and demographic factors
in disease spread within overpopulated urban settlements. GIS
mapping effectively pinpointed high-risk clusters, highlighting
the spatial correlation between population density, inadequate
sanitation, and disease prevalence in Stoneridge and Southlands.
This finding resonates with earlier studies that used spatial
analysis to demonstrate the concentration of infectious disease
outbreaks in informal settlements lacking adequate water and
sanitation infrastructure [14,15].

Agent-based modeling (ABM) further quantified the potential
impact of population interventions, showing that even a moderate
reduction in density could substantially decrease infection rates
over time. This aligns with existing research demonstrating that
ABM can simulate how individual mobility patterns, crowding,
and household structures influence the spread of infectious
diseases in urban contexts [16,17]. Importantly, ABM has also
been increasingly applied in climate resilience studies, where it
is used to model how climate shocks (e.g., flooding, heatwaves)
exacerbate disease vulnerabilities in densely populated areas,
underscoring the value of integrating public health with climate
adaptation planning [18].

Machine learning models demonstrated robust predictive
capacity, with high accuracy, precision, and recall, underscoring
the utility of integrating environmental and demographic data
to forecast disease outbreaks. Recent studies confirm that
machine learning enhances outbreak prediction by identifying
complex, non-linear relationships between socio-environmental
determinants and infection patterns [13,19]. Within the context
of climate change and urban resilience, machine learning has
also been applied to anticipate disease surges following extreme
weather events, helping policymakers allocate resources more
efficiently [20].

Collectively, these findings align with and extend the growing
body of literature emphasizing the value of computational
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approaches for urban health. By combining spatial analysis,
simulation, and predictive modeling, this research demonstrates
the potential of computational methods not only to inform
targeted disease interventions and optimize resource allocation,
but also to strengthen broader strategies for climate resilience
and disaster preparedness in rapidly urbanizing contexts.

Evaluating Intervention

Observations from the field, combined with residents’ lived
experiences, underscore the practical relevance of the simulated
interventions. In both Stoneridge and Southlands, households
frequently reported shared or overflowing sanitation facilities,
corroborating the model’s finding that improving household-
level toilets could significantly reduce gastrointestinal infections.
These concerns are consistent with prior studies linking
inadequate sanitation infrastructure in informal settlements to
high prevalence of diarrheal and gastrointestinal diseases [2].

Community members also expressed deep concern that the local
council does not collect garbage at all in these areas, as they are
not formally serviced. As a result, persistent piles of uncollected
waste remain in the neighborhoods, attracting mosquitoes, flies,
and rodents—conditions that residents identified as a serious
health hazard. This observation aligns with empirical evidence
showing that poor solid waste management exacerbates
vector-borne disease transmission in urban slums [21,22]. The
simulation’s projection of a 30% reduction in vector-borne
diseases following structured waste management programs
directly reinforces these findings.

Residents further highlighted severe overcrowding, with
multiple families often sharing single-room dwellings, reflecting
the potential effectiveness of decongestion strategies in lowering
respiratory and waterborne infection rates. Similar conclusions
have been drawn in urban health literature, where high-density
housing has been linked to increased vulnerability to infectious
disease outbreaks, particularly tuberculosis and acute respiratory
infections [23].

These lived experiences validate the simulation outcomes and
confirm patterns documented in global health research. They
emphasize that targeted sanitation improvements, consistent
waste collection, and population decongestion are not only
theoretically sound interventions but also urgently required to
mitigate the health hazards experienced by urban residents in
underserved communities.

Discussion of Findings

Thisstudyconceptualizestherelationshipbetweenoverpopulation
in urban communities (Stoneridge and Southlands),
environmental stressors, and the spread of communicable and
vector-borne diseases. The framework integrates computational
analysis—such as population density mapping and GIS-based
environmental modeling—with qualitative insights from
community perceptions, lived experiences, and stakeholder
interviews to inform policy interventions in urban health and
waste management. It illustrates how overpopulation contributes
to environmental stressors, which in turn facilitate disease
transmission by overloading sanitation infrastructure, promoting
waste accumulation, and creating overcrowded living conditions.

Overpopulation as a Driver of Disease Spread

Analysis of population density data in Stoneridge and
Southlands (2023-2024) revealed a strong positive correlation
between overpopulation and infectious disease incidence. Areas
with densities exceeding 25,000 persons/km? reported higher
rates of respiratory, gastrointestinal, and waterborne infections
compared to less dense neighborhoods. Residents consistently
emphasized that overcrowding accelerates disease transmission.
As one participant explained:

“When one person gets sick in these crowded places, the whole
street is affected. There is no way to control it.”

These observations align with epidemiological theory, which
recognizes population density as a critical determinant of
disease dynamics: closer physical proximity increases contact
rates and reduces the effectiveness of isolation measures [11]. In
informal settlements, overcrowding intersects with inadequate
sanitation, limited access to clean water, and poorly ventilated
housing, creating conditions conducive to the rapid spread of
infections [8,9]. Empirical evidence from Sub-Saharan Africa
confirms that densely populated urban areas experience faster
and more frequent outbreaks of cholera, typhoid, tuberculosis,
and influenza [7,10].

Environmental Determinants Mediating Disease Transmission
Environmental determinants—particularly waste management,
sanitation, and air quality—emerged as central mediators
in the relationship between population density and disease
transmission. Residents reported persistent piles of uncollected
garbage, overflowing sanitation facilities, and exposure to
indoor and ambient air pollution. These conditions were not
passive background factors but actively intensified the spread of
infectious and vector-borne diseases.

Inadequate waste disposal fosters breeding grounds for
mosquitoes, flies, and rodents, directly linking poor
environmental health to higher incidences of diarrheal and vector-
borne diseases [1,2]. Shared or poorly maintained sanitation
facilities exacerbate waterborne infections by undermining
hygiene practices in overcrowded households [3]. Air quality
concerns, from open refuse burning and indoor solid fuel use,
compound respiratory illnesses, particularly among vulnerable
populations such as children and the elderly [4]. These findings
underscore that environmental factors do not act in isolation but
interact with population pressures to sustain cycles of disease
transmission, echoing global evidence that slum residents face
compounded health risks due to poor sanitation, inadequate
housing, and environmental degradation [5,6].

Hygiene Constraints and Unsafe Water Access

Hygiene challenges in overcrowded spaces were highlighted by
residents, who described shared or inadequate sanitation facilities
and unsafe water sources. Sewage often flows openly through
neighborhoods, contaminating rivers and surrounding areas.
Residents depend on unprotected wells or communal boreholes,
exposing them to waterborne pathogens. One mother explained:
“When water does not come for two or three days, people fetch
from shallow wells or streams. That is when cholera starts
spreading.”
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The lack of formal waste collection exacerbates these risks, with
garbage piles attracting disease vectors. These lived experiences
are consistent with broader research indicating that inadequate
water supply, unsafe sanitation, and uncollected waste directly
increase vulnerability to cholera, typhoid, and other infections
in high-density urban settlements [2,8,9].

Computational Modeling of Disease Transmission
Computational approaches further validated these observations.
GIS mapping identified high-risk clusters, highlighting spatial
correlations between population density, environmental stressors,
and disease prevalence. Agent-based modeling (ABM) quantified
the potential impact of population interventions, showing that
even modest reductions in density could substantially decrease
infection rates [16,24]. Machine learning models demonstrated
strong predictive capacity, effectively forecasting outbreaks by
integrating demographic and environmental data [13,19]. These
methods reinforce the conceptual framework by demonstrating
how structural and environmental factors interact to shape
disease dynamics and inform targeted interventions.

Evaluating Interventions

Residents’ accounts and field observations underscore the
relevance of targeted interventions suggested by computational
simulations. Household-level improvements in sanitation
could reduce gastrointestinal infections, while structured
waste management programs could lower vector-borne disease
incidence by an estimated 30%. Residents emphasized that
council services are absent in these areas, leaving heaps
of uncollected garbage that attract disease vectors. Severe
overcrowding, with multiple families sharing single-room
dwellings, further validates the need for decongestion strategies.
These findings align with the literature, demonstrating that
integrated interventions—combining improved sanitation,
reliable waste collection, decongestion, and environmental
management—are critical for reducing disease risk in high-
density informal settlements [25-27].

The findings, framed within the conceptual model, demonstrate
that overpopulation in Stoneridge and Southlands drives
environmental stressors, which in turn amplify infectious and
vector-borne disease transmission. Lived experiences, empirical
research, and computational modeling converge to show that
recurrent epidemics are not incidental but a direct outcome of
structural overcrowding and environmental neglect. Integrated
interventions targeting sanitation, waste management, water
access, housing, and population density are essential to reduce
disease risk and improve health outcomes in these underserved
urban communities.

Overpopulation

I

Environmental Computational
Stressors ) > Approaches
Inadequate sanitation - Resident
Waste accumulation interviews
Overcrowding - Focus groups
Assessment Spread of Qualitative

Communicable and

<> Approaches
Vector-borne Diseases PP

Conclusion

This study set out to examine how overpopulation in urban
communities, specifically Stoneridge and Southlands in
Harare, interacts with environmental determinants—such as
waste management, sanitation, overcrowding and air quality—
to influence the spread of communicable and vector-borne
diseases. This study examined the relationship between urban
overpopulation and infectious disease dynamics in high-density
neighborhoods. Findings demonstrated that elevated population
density significantly increases the incidence of respiratory and
waterborne infections, confirming that overcrowding is a critical
driver of urban health risks. The research findings demonstrate
that the objectives of the study were successfully met. By
integrating residents lived experiences, field observations, and
computational modeling, the study provided a comprehensive
understanding of how population density and environmental
stressors jointly drive disease transmission in informal
settlements.

The results indicate a strong positive correlation between
overpopulation and disease incidence. High-density
neighborhoods experience accelerated transmission of infections
due to overcrowded housing, shared sanitation facilities,
inadequate water supply, and uncollected waste. Environmental
determinants were shown to mediate this relationship, with
poor waste management, sanitation deficits, and air pollution
exacerbating residents’ vulnerability to gastrointestinal,
respiratory, and vector-borne diseases. These findings are
consistent with existing literature on urban health and infectious
disease dynamics in informal settlements [1,2,8,11].

The study makes several contributions to academic discourse.
First, it combines qualitative insights from residents with
computational modeling techniques, providing an innovative,
mixed-method approach to understanding disease transmission
in overpopulated urban areas. Second, it highlights the centrality
of environmental mediators in shaping public health outcomes,
emphasizing that structural conditions—such as inadequate waste
management and water supply—are not merely background
factors but active drivers of disease spread. Third, it reinforces
the value of using GIS, agent-based modeling, and machine
learning to inform targeted, evidence-based interventions in
urban health planning.

In practical terms, addressing the health challenges identified in
Stoneridge and Southlands requires multi-sectoral interventions.
Key solutions include:

e Improved sanitation infrastructure: Expanding access to
household-level toilets and maintaining shared facilities to
reduce gastrointestinal infections.

* Reliable waste management: Ensuring regular garbage
collection and proper disposal to mitigate vector-borne
disease risks.

e Safe water access: Developing protected water sources
and educating communities on safe water use to prevent
waterborne diseases.

*  Decongestion strategies: Promoting planned housing and
reducing overcrowding to limit disease transmission.

e Air quality control: Limiting open burning of waste and
promoting cleaner household energy sources to reduce
respiratory illness.
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Taken together, these interventions not only address the
immediate health hazards but also contribute to longer-term
urban resilience and sustainable development. By integrating
community perspectives with computational evidence, this
study provides a model for informed, context-specific public
health planning in overpopulated urban settlements. Ultimately,
mitigating disease risk in Stoneridge and Southlands—and
similar contexts across the Global South—requires coordinated
action among local authorities, health agencies, urban planners,
and communities themselves.

Implications and Recommendations

The findings of this study highlight the significant role of
urban overpopulation in shaping the spatial-temporal dynamics
of infectious disease outbreaks in Harare. High-density
neighborhoods, particularly Stoneridge and Southlands,
exhibited disproportionately higher rates of respiratory and
waterborne infections, demonstrating that population pressure is
a critical determinant of urban health. Environmental stressors,
including inadequate sanitation, poor waste management,
and substandard air quality, were found to exacerbate disease
transmission, indicating that urban planning and public health
strategies must be closely aligned to mitigate these risks. The
study further illustrates the utility of computational tools such as
GIS mapping, agent-based modeling, and machine learning for
predicting disease hotspots and informing timely interventions.

In light of these findings, several recommendations emerge.
Urban health policies should explicitly incorporate population
density thresholds, enforce sanitation and housing standards, and
integrate health risk assessments into city planning processes.
Targeted community-level interventions, including hygiene
promotion, vaccination campaigns, and expanded access to
primary healthcare, are essential for high-risk neighborhoods.
Additionally, future research should examine the long-term
health impacts of environmental stressors, explore social
and behavioral factors mediating disease spread, and refine
computational models by incorporating seasonal variations
and human mobility patterns. Finally, the development and
scaling of community-informed digital surveillance systems can
improve early warning capabilities and enable rapid response
to emerging outbreaks. By addressing both environmental and
social determinants of health, these strategies can help reduce
disease burden and enhance resilience in overcrowded urban
settlements, contributing to more effective and equitable public
health planning.

References

1. UN-Habitat. World Cities Report 2016: Urbanization and
development — Emerging futures. Nairobi: United Nations
Human Settlements Programme. 2016.

2. Priiss-Ustiin A, Bartram J, Clasen T, Colford Jr JM,
Cumming O, et al. Burden of disease from inadequate
water, sanitation and hygiene for selected adverse health
outcomes: An updated analysis with a focus on low- and
middle-income countries. International Journal of Hygiene
and Environmental Health. 2019. 222: 765-777.

3. Mara D, Lane J, Scott B, Trouba D. Sanitation and health.
PLoS Medicine. 2010. 7: 1000363.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

World Health Organization. Air quality and health. WHO.
2021.

Ezeh A, Oyebode O, Satterthwaite D, Chen YF, Ndugwa
R, et al. The history, geography, and sociology of slums
and the health problems of people who live in slums. The
Lancet. 2017. 389: 547-558.

Montgomery MR. Urban poverty and health in developing
countries. Population Bulletin. 2009. 64: 1-20.
Satterthwaite D, Archer D, Colenbrander S, Dodman D,
Hardoy J, et al. Responding to climate change in cities and in
informal settlements: Governance and urban development.
Environment and Urbanization. 2020. 32: 529-550.

Lilford R, Oyebode O, Satterthwaite D, Melendez-Torres
GJ, Chen Y, et al. Improving the health and welfare of
people who live in slums. The Lancet. 2017. 389: 559-570.
Hove M, Spierenburg M, Kruger F. Urban overcrowding
and infectious disease: Implications for health policy in sub-
Saharan Africa. African Journal of Health Studies. 2013. 12,
45-56.

World Health Organization. Slum health: Health challenges
in urban informal settlements. WHO. 2018.

Anderson RM, May RM. Infectious diseases of humans:
Dynamics and control. Oxford University Press. 1991.
Riley S. Large-scale spatial-transmission models of
infectious disease. Science. 2007. 316: 1298-1301.

Brayne C, Nichols E, Ukoumunne O. Using machine
learning for prediction of infectious diseases: A scoping
review. BMJ Global Health. 2020. 5: 002478.

Alirol E, Getaz L, Stoll B, Chappuis F, Loutan L.
Urbanisation and infectious diseases in a globalised world.
The Lancet Infectious Diseases. 2011. 11: 131-141.

Sclar ED, Garau P, Carolini G. The 21st century health
challenge of slums and cities. The Lancet. 2005. 365: 901-
903.

Perez L, Dragicevic S. An agent-based approach for
modeling dynamics of contagious disease spread.
International Journal of Health Geographics. 2009. 8: 50.
Hunter E, Mac Namee B, Kelleher JD. A taxonomy for agent-
based models in human infectious disease epidemiology.
Journal of Artificial Societies and Social Simulation. 2018.
21: 1-25.

Zhang Y, Chen C, Li H. Agent-based modeling of infectious
disease transmission under climate change scenarios.
Sustainability. 2021. 13: 1872.

Santillana M, Nguyen AT, Dredze M, Paul MJ, Nsoesie
EO, et al. Combining search, social media, and traditional
data sources to improve influenza surveillance. PLOS
Computational Biology. 2018. 14: 1006527.

Ebi KL, Hess JJ. Health risks of climate change. BMJ.
2020. 371: 4673.

Mberu B. Urban health in Africa: Evidence from informal
settlements. International Journal of Environmental
Research and Public Health. 2016. 13: 1-15.

Alam M, Ahmade S. Solid waste management and its impact
on human health in urban slums. Journal of Environmental
Health. 2013. 75: 32-39.

Boadi KO, Kuitunen M. Environmental and health impacts
of household solid waste handling and disposal practices in
third world cities: The case of the Accra Metropolitan Area,
Ghana. Journal of Environmental Health. 2005. 68: 32-36.

J Glob Health Soci Med, 2025

www.oaskpublishers.com

Page: 8 of 9



Copyright © Robert Chirima. Volume 1 | Issue 2

24. Hunter E, Mac Namee B, Kelleher J. An open-data-driven
agent-based model to simulate infectious disease outbreaks.
PLoS One. 2018. 13: 0208775.

25. Boadi K O, Kuitunen M. Urban waste and health: A review.
Environment and Urbanization. 2005. 17: 123-136.

26. Mberu BU, Haregu TN, Kyobutungi C, Ezeh AC. Health
and health-related indicators in slum, rural, and urban
communities: A comparative analysis. Global Health
Action. 2016. 9: 33163.

27. Alam P, Ahmade K. Impact of solid waste on health and
the environment. International Journal of Sustainable
Development and Green Economics. 2013. 2: 165-168.

Copyright: © 2025 Robert Chirima. This is an open-access article distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

J Glob Health Soci Med, 2025 www.oaskpublishers.com Page: 9 of 9



