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Abstract

Research into the links between infectious disease outbreaks and disasters has increased over
time, with continued discussion regarding the rate and mechanisms for these links. Yet,
significant discrepancies and research gaps remain globally in terms of the frequency,
geography and characteristics of post-disaster disease outbreaks. Here, the aim was to address
these gaps and discrepancies by exploring several disasters and their associated risk factors
and further quantifying their impact. By increasing this understanding, this improves the
extent to which disaster-related disease outbreaks can be prepared for, to prevent outbreaks

from exacerbating and prolonging disaster recovery.

To further understand these risk factors, disease outbreaks in drought and conflict settings
were analysed and an overview of the research area was gained through the first global
systematic review of the literature. Cholera was selected as a focus for the research here, due
to it being a disease of global public health importance and potentially linked to drought and
conflict. The area of study was predominately Africa (due to the relatively high cholera,
conflict and drought burden) and was studied at several spatial scales, from national to
administrative level 1. The research identified many important risk factors for cholera

outbreaks in a disaster context.

To help further identify areas for prioritisation both nationally and sub-nationally,
drought-related cholera outbreaks were investigated, as droughts are a relatively understudied
natural hazard. Generalised linear models were used to identify a potential relationship and
the flexibility of the modelling approach allowed for multiple covariates to be tested. The lack
of available water during a drought exacerbates risk factors relating to cholera transmission.
However, increasing freshwater availability, improving access to sanitation, poverty elimination
and emissions reductions could help to offset cholera risk in the future. Using random forest
models, specific targets for these risk factors were further quantified for Nigeria. States with
Multi Dimensional Poverty Index values over 0.38 and sanitation access below 54% were

particularly at risk for cholera transmission, which includes most northern states in Nigeria.

Conflict-related cholera outbreaks were analysed by applying the self-controlled case series in
a new application. The modelling approach uses conditional logistic regression to understand

the impact of an exposure (conflict) on an event (outbreak). Conflict had the most significant



impact on cholera in the first week after the conflict and increased the risk of cholera
outbreaks by as much as 3.6 times. The recently developed percentage attributable fraction

equations were applied to these results and identified <20% of cholera outbreaks being

attributable to conflict in Nigeria and the Democratic Republic of Congo (DRC). The
research helped quantify a specific health effect of both the Boko Haram conflict in Nigeria

and the civil unrest in eastern DRC.

Disease, disasters and global change were brought together here beyond what has previously
been done and the knowledge gained was applied to policy throughout. Furthermore, a
variety of projections and scenarios were used to identify how potential future conditions
could alter cholera transmission. The Global Task for Cholera Control have ambitious 2030
targets, that will be essential for global cholera eradication and are important to make sure
governments are committed to overcoming challenges. Both disasters and cholera outbreaks
are not new phenomenon and societies have always had to respond and adapt but marked
differences in global inequity can prevent this. Giving people agency and empowerment to
react to sudden changes and make informed decisions to protect their health will require
long-term investment in sustainable development. Enhancing development has far-reaching

impacts and is essential for controlling disease, both regionally and globally.
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Chapter 1

Introduction

Global health has made steady improvements through recent decades, especially in terms of
communicable diseases due to improvements in sanitation and hygiene, along with vaccine
discovery and mass immunisation schedules. As standard of living increases, increasing life
expectancy, non-communicable diseases have replaced the communicable disease burden in
many countries. A decrease in infectious diseases has meant less premature deaths and with an

ageing population the incidence of ischemic heart disease, stroke and cancer has increased [1].

However, after accounting for population growth and ageing, the absolute number of Disability-
Adjusted Life Years (DALYs) has remained stable [2]. Four communicable diseases remain
in the top six causes of global DALYs (2010), lower respiratory tract infection, diarrhoea,
HIV/AIDS and malaria [3]. One of the main reasons for this continued burden is the high
levels of inequity that remains worldwide, with marked regional and national divergences from
the global trend (of decreasing infectious disease mortality). This is especially concerning as
children under 5 years old represent 57% of the global communicable disease burden (2019) [3,
4], particularly in sub-Saharan Africa (Figure 1.1), where the growing population will put more

people at risk in the future [2].

Several diseases have epidemic and pandemic potential to cause public health emergencies,
incurring large economic and social costs such as HIV/AIDS, cholera and Zika virus [5, 6].
For example, extreme poverty has increased for the first time in 20 years, with the COVID-19
pandemic considered the cause [7]. The global impact of infectious disease outbreaks remains
an ever-present threat, with globalisation meaning no country is immune to these risks. The
far-reaching repercussions of outbreaks make understanding the complexities of outbreak risk

fundamental.
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Figure 1.1: Global burden of communicable, neonatal, maternal and nutritional diseases in
a, national DALY rates per 100,000 individuals for 2019 and b, total global DALY per year
for 1990 to 2019. . STIs - Sexually Transmitted Infections. NTDs - Neglected Tropical
Diseases. TB - Tuberculosis. License: CC-BY [4, §].

31



1.1 Mechanisms for Disaster-related Disease Outbreaks

1.1.1 Disease and Disaster Terminology

Across diseases, outbreaks can be initiated or exacerbated by a variety of influences, e.g., food,
water, sanitation and health systems [9]. Other than the failure of governments to provide and
protect such services, specific events can exacerbate several of these influences. An example of
such event is a disaster, with their consequences resulting in a regression of many of the disease

burden gains mentioned [10, 11].

The exacerbation of disease outbreaks is caused by a change in population vulnerability.
The term vulnerability will be used throughout the thesis and both pre-existing vulnerabil-
ity (present before the disaster) and vulnerability changes during or after the disaster, will be
discussed. Vulnerabilities are conditions and long-term processes that increase the suscepti-
bility to harm caused by the adverse event and include a wide range of factors e.g., poverty,

education and housing [12].

Here, in accordance with disaster research terminology, the term disaster is a threatening
event within a given time period and encompasses a natural hazard (e.g., earthquakes, floods,
droughts) or an armed conflict (e.g., terrorism, civil war) [13, 14, 15]. The terms disaster, hazard
and extremes will be used when discussing these events and locations which are experiencing

them will be termed fragile settings or complex emergencies.

Hazards in relation to climate change will be discussed throughout the thesis. Climate is long-
term patterns and trends in the weather, the classical period for averaging these trends is 30
years. Extreme weather or climate (natural hazards) are changes in the weather above or below
the upper or lower ranges of observed climate values. Additionally, climate change is changes
in the mean and/or the variability of the climate’s properties, that persists for an extended

period of time [16].

According to the World Health Organization (WHO), an infectious disease outbreak is an

occurrence of a disease above normal expectancy [5]. The number of cases may vary according
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to the aetiological agent as well as the size and type of previous and existing exposure, while
the geographic occurrence of some outbreaks may be further shaped by whether a pathogen is

endemic or epidemic.

Risk factors are specific vulnerabilities that interact with the hazard, whether that a natural
hazard, conflict or an infectious disease outbreak, and increase the probability of the population
being exposed to harm. The term risk factor cascade, also used in a disaster-disease context
by Hammer et al. [17], will be used here and relates to risk factors which are linked or lead to

other risk factors.

Disaster research terminology is contentious, with much disagreement over the correct terms to
accurately describe complex hazard parameters. It is acknowledged that at the current time,
no term may be correct or fully encompass all aspects of the hazard or vulnerability. However,
for the purpose of this work, and inline with the discussion above, brief descriptions of all the

terms used in this thesis are below:

e Vulnerability /Pre-existing vulnerability - Any condition or long-term process which in-

creases susceptibility to the hazard
e Disaster/Hazard /Extreme - A threatening event within a given time period
e Climate/Climate Change - Long-term weather patterns/long-term changes in the climate
e Fragile settings/Complex emergencies - Locations experiencing a hazard
e Outbreak - An infectious disease occurrence above normal expectancy
e Risk factor - Specific vulnerabilities that increase the susceptibility to harm/exposure

e Risk factor cascade - Risk factors which are thought to be linked to or leads to other risk

factors
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1.1.2 Natural Hazard-related Disease Outbreaks

Natural hazards can be hydrological, meteorological, climatological and geophysical and include
floods, droughts, earthquakes and storms (cyclones, hurricanes and typhoons). These events
can cause widespread disruption to the affected population, especially without effective disaster
mitigation and adaptation. The disruption caused by these events largely focuses on their direct
effects such as destruction of infrastructure [18, 19] and fatalities [20, 21] but long-term and

indirect impacts of the disaster are also important and often more impactful.

An example of an indirect impact of a natural hazard is an infectious disease outbreak, as the
disruption caused by the hazard can act as a catalyst for outbreaks by initiating or worsening
risk factors within the population [17]. Natural hazard-related outbreaks are a global issue
with low- (post-earthquake rotavirus outbreak in India [22]), middle- (flood-related leptospirosis
outbreak in Brazil [23]) and high- (norovirus outbreak after Hurricane Katrina in the US [24])
income countries being affected. Causative agents of these outbreaks tend to be endemic
(constant presence and/or usual prevalence of a disease in a location [25]), as the exacerbated
vulnerabilities increase exposure to the circulating pathogen reservoirs. Exceptions of where a
non-endemic disease has caused a post-disaster outbreak has mainly been due to introductions

by troops/peacekeepers and humanitarians, e.g., the 2010 Haitian cholera outbreak [26].

1.1.3 Conflict-related Disease Outbreaks

Similar to natural hazards, the impacts of conflicts often focus on direct infrastructure damage
and fatalities in both the media and research but there are also several examples of conflict-
related disease outbreaks, such as an outbreak of cutaneous leishmaniasis during the Syrian
conflict [27] and an ongoing cholera outbreak during the Yemani civil war [28]. The effects
of conflicts in terms of disease risk are complex, with fear and a lack of trust playing a more
pivotal role. A lack of trust is especially problematic in conflicts where atrocities are committed

on multiple sides and causes difficulties when providing healthcare and support [29].

Conflict-affected populations may not perceive accessing care as safe or people may not want to
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leave their homes in fear of violence and roadblocks. For example, willingness to access Ebola
treatment centres was low in the DRC due to healthcare attacks [30]. Furthermore, disease
control efforts such as vaccination, can have poor uptake due to a lack of trust between the
population and the government. Mistrust can then create an ideal environment for the spread
of misinformation and vaccine hesitancy [31, 32]. Disease outbreak control requires a commu-
nity effort and cooperation from everyone to follow public health guidelines. Unfortunately,
disasters can sometimes result in an individualistic mentality, especially when satisfaction with

the government and health officials is low [33, 34].

1.1.4 Historically Identified Risk Factors

Several risk factors have been suggested for causing post-disaster disease outbreaks. Identi-
fying these risks and understanding their complexities is essential in preventing post-disaster
outbreaks. Commonly cited risk factors include:

e Poor access to water, sanitation and hygiene (WASH) [35]

e Changes in diet and available foodstuff [36]

e Alterations in vector behaviour and control [37]

Issues with housing and shelter, especially overcrowding [38]

Problems obtaining healthcare [39, 40]

Breakdown in preventative disease programs e.g., vaccinations, bed nets [39, 40]

Unmanaged population displacement [41, 10, 42]

Displacement has the potential to worsen many of the risk factors mentioned, especially when
people are displaced to overcrowded camps without proper facilities. The increased numbers
of displaced persons (and troops/soldiers or humanitarians) can increase the number of people

susceptible and naive to a disease, therefore propagating outbreaks [43]. These factors influence
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population risk, commonly expressed as hazard x vulnerability, with exposure sometimes added
(Crichton’s risk triangle) [44]. Understanding these factors are important as over-emphasis on
a single hazard (such as a natural hazard or armed conflict), reduces the insight into population

exposure and vulnerability [45].

To add further complexity, few risks act solely to cause an outbreak and can typically be
multi-faceted. Therefore, understanding how risk factors are potentially linked in risk factor
cascades and their impact on pre-existing population vulnerability is vitally important [17, 46].
Both natural hazards and conflicts relate to and exacerbate pre-existing vulnerability and can
increase the probability of post-disaster outbreaks. For example, following a disaster there can

be a loss of income generation and disruption to education, exacerbating poverty [47].

1.2 Implications for Climatic and Social Changes

1.2.1 Climate Change and Natural Hazards

Intersections between disasters and disease provides an opportunity to explore the mechanisms
through which global change (such as climate change and sustainable development) could yield
health impacts [48, 49]. Climate change has the potential to alter some hazard parameters
(e.g., intensity or frequency) [50, 51]. For example, sea level rise and warming temperatures
are projected to change hurricane and Asian monsoon frequency and intensity [50, 52]. Fur-
thermore, fewer cold and frost days and an average increase in global temperatures are very

likely to play a role in heatwaves and droughts [53].

As climate models improve and uncertainty decreases, certainty around how these hazard pa-
rameters may alter has increased [54]. This thesis aims to capitalise on this new understanding
to explore an aspect of future disease risk. These relationships should not be over-simplified
though and projected climatic changes are complex, with their effects being spatially and tem-
porally heterogeneous. Exposure and vulnerability are dynamic and inequities are not expressed

in a uniform way, depending on economic, social, geographic, demographic, cultural, institu-
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tional, governmental, and environmental factors [55]. It is therefore important for disaster risk
reduction to analyse and estimate how communities may be impacted across different areas of

the world.

1.2.2 Climate Change and Conflict

Previous research has suggested several links between climate change and conflict, in terms
of frequency, intensity and duration. Examples of how climate change may lead to conflicts
include a loss of income generation and livelihoods [56], marginalisation of communities [57],
food and water insecurity [56, 58] and migration [59]. Many of these risk factors may increase
the risk of conflict over resources, as they become more scarce or unpredictable. For example,
altered drought frequency and intensity in the Fertile Crescent was suggested as a reason for
armed conflict escalation in Syria [60]. Additionally, during El Nino years (compared to La

Nina), new civil conflicts nearly double in the tropics from 1950 to 2004 [61].

People who live in conflict-affected or post-conflict areas are particularly vulnerable to climate
change, due to a decreased ability to adapt [62]. Akin to the link between natural hazards and
climate change, these relationships are complex, and vary according to location and vulnerabil-
ity. Additionally, several studies contest the climate’s influence on conflicts and there appears
to be little consensus in the scientific community [63, 64, 65]. Some have even suggested that
the climate change/conflict narrative is dangerous, shifting attention away from government
action and conflict resolution [66]. Understanding how any potential changes in climate and
conflict will alter related disease outbreaks is important and relatively understudied. Exploring

this research gap is vital in protecting vulnerable populations and resource allocation.

1.2.3 Social Change and Sustainable Development

One way to mitigate the effects of climate change on both natural hazards and conflicts is
through social changes in terms of sustainable development. Despite their ambiguous nature

and no clear pathway of how they will be achieved [67], the Sustainable Development Goals
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(SDG) are a relatively universally accepted measure of social development [68] (Figure 1.2).
Several of the risk factors stated above would be reduced through pursuit of the SDGs including
WASH (SDG6), education (SDG4), poverty (SDG1) and access to healthcare (SDG3). Allevi-
ating these risk factors would give communities a greater ability to adapt to changes and more

options to ensure their health and well-being.
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Figure 1.2: The United Nations Sustainable Development Goals [68].

Societal changes and a reduction in vulnerability will play a significant role in how future
climate-related changes in health and disease will be experienced [69]. The most vulnerable
populations are often cited as those most at risk of climate change and this includes natural
hazards and conflicts, as vulnerable populations have less opportunities and available resources
[70]. For example, both low levels of education and higher poverty increased the risk to the
detrimental consequences of flooding in rural Bangladesh [71]. Furthermore, early warning sys-
tems are considered fundamental in mitigating the impacts of disasters on health, but inequities

in gender and wealth mean they disproportionately under-serve parts of the population [72].

The uncertainty in projected socio-economic conditions is greater than environmental ones, as
much of this will depend on human behaviour, which is challenging to predict. It is therefore

important to incorporate a wide range of potential changes to social parameters in future
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scenario projections. Statistical and mathematical modelling studies are pivotal in exploring
future disease changes, as the flexibility of several modelling techniques allow many of these
parameters to be considered at once, termed multi-parameter modelling. This type of modelling
is important for real-world application and for understanding interactions among social and
environmental factors. In the absence of these studies and regardless of their publication,
continued progression towards and beyond the SDGs will be essential to improving the health

and well-being of the global population.

1.3 Cholera

1.3.1 History and Global Burden of Cholera

Cholera is an ancient disease, beginning to cause outbreaks during the transition away from
nomadic lifestyles and into settlements. When humans were predominately hunter-gathers, the
constant movement meant ever changing water sources, making it unlikely that people would
contaminate their own water. As settlements became larger and more densely populated,
pollution became more likely. There is no definitive date for the first appearance of cholera but
the disease seems likely to have been endemic in certain areas from as early as the 5th century,

with several historical accounts of symptoms that could now be attributed to cholera [73].

As previously stated, diarrhoeal diseases are a major contributor to the global disease burden,
especially in children in low- and middle-income countries [6]. Cholera contributes significantly
to this burden and is a disease of global importance (Figure 1.3). Since the beginning of the
seventh and ongoing pandemic in 1961, the disease is now endemic in 51 countries [74]. In
2020, over 320,000 cholera cases and 857 deaths were reported to WHO [75], while in 2022, 20
countries reported cases, exclusively in Africa and Asia [76]. The true impact of cholera though
is difficult to decipher due to reporting heterogeneity, such as the impact on trade and tourism

causing reporting hesitancy. Previous estimations have suggested annual cholera cases of 2.86

million and between 21,000-143,000 deaths [77, 74].
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Figure 1.3: Total number of epidemics reported between 2011 and 2017 by disease (total =

The causative agent, Vibrio cholerae, is an extremely virulent gram-negative bacteria, having
two outbreak causing strains, O1 and O139. The water-borne bacterial pathogen causes profuse
watery diarrhoea outbreaks and in some cases vomiting [75, 78]. Persistence of the bacteria
in aquatic reservoirs, the formation of biofilms and asymptomatic cases, which help sustain
transmission by bacterial shedding, means those living in areas with poor access to water and
hygiene are highly likely to be exposed [79]. Explosive cholera outbreaks are common due to
the short incubation period (2 hours to 5 days) and the risk of rapid dehydration, especially

among young children, meaning deaths can occur quickly and case fatality can reach up to 40%

Effective symptom management is considered the cornerstone to cholera treatment including




oral rehydration solution (ORS) and in some instances (particularly severe cases) antibiotic
use, which helps to keep outbreak mortality to the global goal of <1% [81, 36]. Cholera can
be vaccinated against with the oral cholera vaccine (OCV). There are currently three licensed
OCVs, all administered as two-doses taken orally 7 days to 6 weeks apart. The vaccine can
be given to children from 2 years of age and more than 20 million doses have been used in
mass vaccination campaigns [82]. However, vaccination is not considered the primary method
for cholera eradication, only providing around 2-3 years of protection with the current vaccines
available. Instead vaccination is mainly used to curb transmission in outbreak settings, along

with other interventions [83, 84].

1.3.2 Disaster-related Cholera Outbreaks

Cholera outbreak frequency is linked to environmental and climatic changes and has been
implicated in several post-disaster outbreaks, including floods, droughts and cyclones [85, 86,
87, 88]. Environmental mechanisms through which natural hazards cause cholera transmission
are related to temperature and precipitation. Temperature helps to drive epidemics, by creating
an ideal environment for the pathogen to grow in the environment and precipitation and storm
water can then act as a dispersal mechanism [89]. Cholera outbreaks often occur when the
disaster also results in the breakdown and damage of sanitation, hygiene and municipal waste

systems.

Some studies suggest that human-induced factors are more important for cholera dynamics than
climate or environmental ones [90], possibly due to the need for poor socio-economic conditions
for pathogen exposure. Cholera is considered a disease of inequity, predominantly affecting
the poorest and most vulnerable [91, 92|, making those in conflict-affected cholera endemic
countries particularly vulnerable. Prominent examples of conflict-related cholera outbreaks

include those in Yemen [93] and the DRC [94].

Several of the socio-economic risk factors involved in cholera outbreaks also align with the
historically identified risk factors for post-disaster outbreaks delineated above. These include

poverty [95], sanitation and hygiene [96], drainage [97], water quality [98] and poor healthcare
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[89]. The links between these risk factors have made cholera a common aetiological agent and

significant risk for post-disaster outbreaks.

1.3.3 Cholera Outbreak Policy

Actions have been taken to reduce the global burden of cholera, both indirectly through sani-
tation and hygiene programmes and more specifically through the development of the Global
Task Force on Cholera Control (GTFCC). The GTFCC is a global network coordinating the
fight against cholera. The aim of the organisation is to significantly reduce global cholera bur-
den and work towards eradication in many countries through the Global Roadmap. In 2018, at
the 71st World Health Assembly, WHO member states passed a resolution committing to the
Global Roadmap and 47 African countries adopted a regional framework in alignment with the

Roadmap at the WHO Regional Committee for Africa [99].

A serious barrier to reaching the GTFCC goals is the stark reminders of the gains needed in
terms of WASH development. In 2020, 2.2 billion people lacked access to safe drinking water,
3 billion people were without access to handwashing facilities and more than half of the pop-
ulation live without access to safe sanitation [100]. Much greater international and national
commitments towards sustainable development are required to prevent erosion of progress to-
wards the GTFCC goals and several other disease and health targets. Sustainable development
in terms of poverty alleviation and the provision of WASH services would undoubtedly be cost-
effective [101, 102, 103], due to the far reaching implications this would have on health and

quality of life.
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1.4 Previous Methodological Approaches Used to Ex-

plore Disaster-related Outbreaks

1.4.1 Owutbreak Investigation

There is an absence of quantitative research in terms of natural hazards/conflicts and disease
outbreaks, especially in terms of statistical and mathematical modelling. Alternatively, there
is abundance of quantitative outbreak investigations (retrospective case control and cohort
studies) [38, 104, 43] and serological surveys (cross-sectional and longitudinal) [105, 106, 107,
108], which are helpful in terms of deciphering immediate risk factors and disease burden.
These studies give an indication of cases, deaths, case fatality ratio and risk factors, all of
which are useful in understanding cholera outbreaks and provide crucial knowledge that is used
throughout this thesis. One limitation of outbreak investigations is that they only provide a
snapshot of a single outbreak and are less helpful in understanding outbreaks on larger temporal

and spatial scales.

1.4.2 Reviews and Qualitative Research

There are several published reviews which are particularly helpful in collating the vast num-
ber of serological surveys and outbreak investigations. In particular, there are a few broader
reviews evaluating natural hazards and conflicts on a global scale, which are helpful in trying
to understand the frequency of specific risk factors [41, 42, 109]. Other reviews tend to focus
more specifically on either a disaster type such as droughts [110] or tsunamis [111] or a spe-
cific timescale (2000-2011) [46]. These more focused reviews can be helpful in understanding a
specific research question but often fall short in providing more generalisable results. However,
there is a general consensus among the available reviews that infectious disease outbreak risk is
heightened following disasters and several risk factors are commonly cited, as discussed above

(1.1.4 Historically Identified Risk Factors).

Qualitative studies are often outbreak investigations, exploring a specific disaster and disease
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outbreak, typically through a humanitarian lens [93, 112]. Previous examples of these include
investigations of a hepatitis E outbreak in Nepal following an earthquake [113] and cholera
outbreaks in Nigeria and Yemen during ongoing conflicts [93, 112]. These qualitative studies
have the same advantages as the quantitative outbreak investigations while also providing the
perspectives of those in the affected area, both in terms of government and non-governmental
organisations (NGO) and the local population. A limitation of much of the qualitative research
and reviews are a lack of definitions [93, 111]. What constitutes to a specific disaster or
disease outbreak is key in understanding the study results and recommendations and for making
comparisons between studies. Clear definitions and terminology are particularly important in
disaster research, as there is much contention and disagreement within the research community

(114, 115).

1.4.3 Quantitative and Modelling Research

Despite the advantages identified above in the previously used methodological approaches,
research needs to move beyond this type of analysis to plan for disasters and outbreaks in the
future. Collating and making use of large datasets is essential in evaluating these outbreaks
on a greater temporal and spatial scale. Previous examples of quantitative modelling studies
investigating natural hazards, conflicts and cholera are limited and specific examples include:
e Spatio-Temporal Clustering:
e Flooding and cholera in Bangladesh [116]
e Conflict and cholera in the DRC [94]
e Machine Learning:
e Conflict and cholera in Yemen [117]

e General Additive Models:

e Drought, floods and heatwaves and cholera in Nigeria [118]
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e Poisson Regression:

e Floods, droughts and cholera in sub-Saharan Africa [119]

Several of the previous modelling approaches either do not account for socio-economic conditions
[116, 94, 118, 117] or attempt to offset one factor (e.g., Human Development Index [119]). Few
try to account for the large number of potentially influential factors in post-disaster outbreaks
[109]. Issues also arise when using an index as a sole measure of socio-economic vulnerability,
as these metrics include several variables and determining which are the most important is not
possible from the single value they provide. Very few studies also try to project cholera risk
and outbreaks [117], instead taking a qualitative approach to discuss possible future changes

11].

The limited quantitative modelling work on natural hazards/conflict and cholera completed
to date gives abundant opportunity to use a combination of novel methodological techniques
and previously established methodology in new applications. The work presented here will
consider social changes central to the research and a wide range of parameters and future
conditions will be evaluated. The modelling will further inform how disasters impact infectious
disease outbreaks historically, currently and projected into the future, encompassing as many
potentially influential factors in terms of disease and disasters as possible, to gain a greater

understanding of the full scope of potential risk factors (Figure 1.4).

45



 Disease (cholera) outbreaks
in a disaster setting

: Quantitative Qualitative
: Reviews Modelling Outbreak Serological surveys Outbreak

: (Some global, but mainly (Geospatial clustering, investigations (Cross-sectional and investigations

. time, geographic location, machine learning, GAM (Retrospective case longitudinal) (Retrospective case

control and cohort)

: disease or disaster and Poisson regression) control and cohort)
: specific)

............... ,{*\ l
. Provide quantifiable

Good to summarise the evidence of natural hazards/ Identify cases, deaths, Provide perspectives of those

working and living in the

Advantages : outbreak |n\_/est|gallons and conflicts linking to cholera burden, CFR, risk factors
N serological surveys affected area
outbreaks
. Veryfew are on large Limited use of social Specific to outbreaks/ Generally identify issues
Disadvantages : geographic and development indicators disasters, less but not solutions of how
temporal scales and projections generalisable to strengthen policy

: Use novel methodology .
How this thesis : Create a global Use these models to move Evaluate how the models inform

the - overview of all testing several '“3""’5 ,°: beyond qualitative future current policy and make
" i igations with no ?'L"" dl :" socla predictions, instead creating recommendations for policy
disad : poral limits t:::aiseal:l‘or:?:mpa:::::\ss'me quantitative projections strengthening
1V
models

Figure 1.4: Schematic diagram of the current research landscape for post-disaster disease
outbreaks and how this thesis addresses the current limitations and research gaps. GAM -
General Additive Models, CFR - Case Fatality Ratio.

1.5 Motivation and Objectives

1.5.1 Primary Motivation

The primary motivation of this thesis is to understand why disaster-related outbreaks occur
despite longstanding experience of disaster mitigation and adaptation. Populations experience
significant mortality and morbidity in fragile settings, which society can reduce, but too often
does not. The devastating impacts of disasters are still repeatably witnessed, even though
natural hazards and conflicts have occurred throughout history. Post-disaster outbreaks are a
global issue, and no community, regardless of economic and political stability, appear unaffected.
The aim is to use this enhanced knowledge of potential risk factors and thresholds for these
outbreaks, to understand where current disaster adaptation fails in preventing outbreaks and

what more can be done.
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1.5.2 Secondary Motivation

The secondary motivation is to use a disease of global public health importance, such as cholera,
as a case study in understanding these outbreaks. Cholera outbreaks, like disasters, are not a
new phenomenon, with documented outbreaks of the disease dating back to 1817. The pathogen
emerged out of the Ganges Delta and has since caused seven pandemics, with the current and
most persistent pandemic (7th) showing no signs of regressing. The disease causes serious
ethical issues, due to its large burden and mortality on young children in poor communities,
despite having simple preventative interventions e.g., sanitation and handwashing. The drivers
of cholera are complex and more research and focus is needed to understand them better, this

thesis will aim to address these drivers in the context of post-disaster outbreaks.

1.5.3 Tertiary Motivation

A tertiary motivation will be to evaluate how sustainable development can yield co-benefits for
disease control and prevention, particularly for cholera and disaster settings. It could be argued
that the answers to post-disaster disease outbreaks are already available, and the continuation
of outbreaks is instead a failure to act. Whether this is the case or not, the longevity of
the issues of post-disaster outbreaks and cholera may have resulted in action fatigue and it is
important that attention is not completely shifted away from these issues. Development will
empower communities and give people the control to adapt to disasters and climate change
and reduce the need for humanitarian aid. The more scientific evidence showing the need to

address specific inequities, the less justification there will be for inaction.

1.5.4 Objectives

The extensive and original research presented here will highlight the continued support and
attention needed for post-disaster disease outbreaks and cholera. As problems persist, attention

can be lost, but with such high levels of mortality and morbidity this cannot be the case. A
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goal of this research is to re-focus this attention by increasing awareness and understanding of

the risk factors through the following objectives:

1. Create a comprehensive review of post-disaster disease outbreaks, collating all previous
quantitative research to identify commonly reports geographic areas, disasters, aetiologi-

cal agents and risk factors (Chapter 2 and publications 1-3 & 7).

2. Use novel methodological approaches and datasets to gain a greater understanding of
cholera outbreak risk factors and thresholds in a disaster setting, focusing on conflicts
and droughts, to create more generalisable results than previous research (Chapter 3-5,

publications 4-6 & 8).

3. Evaluate a range of social and development indicators in the fitting of all models used, to
create a more comprehensive model of cholera outbreak risk in a disaster setting (Chapter

3 & 5, publications 4 & 8).

4. Apply the models to make quantitative predictions and projections of future cholera
outbreak risk in the context of natural hazards and conflicts and establish ideal future

scenarios to reduce this risk (Chapter 3, 5 & 6, publications 4 & 8).

5. Evaluate the results and conclusions from the modelling work completed here to evaluate

the achievability of global cholera targets (Chapter 6, publication 9).

1.6 Publications

Several publications have been produced through the research presented in this thesis and are

listed below and at the start of each chapter:

1. Charnley GEC, Kelman I, Gaythorpe KAM, Murray KA. Understanding the risks for
post-disaster infectious disease outbreaks: a systematic review protocol. BMJ Open

2020;10:e039608.
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. Charnley GEC, Kelman I, Gaythorpe KAM, Murray KA. Traits and risk factors of post-

disaster infectious disease outbreaks: a systematic review. Scientific Reports 2021;11:5616.

. Charnley GEC, Kelman I, Murray KA. Drought-related cholera outbreaks in Africa and
the implications for climate change: a narrative review. Pathogens and Global Health

2022:116(1):3-12.

. Charnley GEC, Kelman I, Green N, Hinsley W, Gaythorpe KAM, Murray KAM. Explor-
ing relationships between drought and epidemic cholera in Africa using generalised linear

models. BMC' Infectious Diseases 2021;21:1177.

. Charnley GEC, Kelman I, Gaythorpe KAM, Murray KA. Accessing sub-national cholera
epidemiological data for Nigeria and the Democratic Republic of Congo during the seventh

pandemic. BMC Infectious Diseases 2022;22:288.

. Charnley GEC, Jean K, Kelman I, Gaythorpe KAM, Murray KA. Using self-controlled
case series to understand the relationship between conflict and cholera in Nigeria and the

Democratic Republic of Congo. Emerging Infectious Diseases 2022;28:2472-2481.

. Harris M, Charnley GEC. Disaster Risk Management: A Resilient Health System. In:
Eslamian, S., Eslamian, F. (eds) Disaster Risk Reduction for Resilience. Springer, Cham,

2022.

. Charnley GEC, Yennan S, Ochu C, Kelman I, Gaythorpe KAM, Murray KA. Investigating
the impact of social and environmental extremes on cholera time varying reproduction

number in Nigeria. PLoS Global Public Health 2022;2(12):c0000869

. Charnley GEC, Yennan S, Ochu C, Kelman I, Gaythorpe KAM, Murray KA. Cholera
past and future in Nigeria: are the Global Task Force on Cholera Control’s 2030 targets
achievable? medRziv 2022;https://doi.org/10.1101/2022.12.06.22283154 [pre-print].
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1.7 Data & Code Availability

Information on both the public and private datasets used here are detailed throughout the
thesis, including how they were obtained, curated and how to access them (or request access if

not publicly available).

All code used here for the analyses and data visualisation are available in a Github repository:
https://github.com/GinaCharnley /Thesis. Details of the license are available in the repository
(MIT License). All figures were created in R package “ggplot” [120], unless stated otherwise in

the figure caption.

The shapefiles used to create any data visualisations involving maps were all taken from freely
available data sources and the sources and licensing agreements are detailed below. All licensing

was under Creative Commons, allowing them to be shared and adapted.

e World & Africa - API, Thematicmappingorg Thematic Mapping. 2009. https://themat

icmapping.org/downloads/world_borders.php. CC-BY SA

e Nigeria - HDX, Nigeria - Subnational Administrative Boundaries. 2020. https://data.h

umdata.org/dataset/cod-ab-nga. CC-BY IGO

e DRC - HDX, Democratic Republic of the Congo - Subnational Administrative Boundaries.

2019. https://data.humdata.org/dataset/cod-ab-cod. CC-BY IGO
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Abstract

Infectious disease outbreaks are increasingly recognised as events that exacerbate impacts or
prolong recovery following disasters. Yet, our understanding of the frequency, geography, char-
acteristics and risk factors of post-disaster disease outbreaks globally is lacking. This limits the
extent to which disease outbreak risks can be prepared for, monitored and responded to follow-
ing disasters. Here, a global systematic review of post-disaster outbreaks was conducted and
found that outbreaks linked to conflicts and hydrological events were most frequently reported,
and most often caused by bacterial and water-borne agents. Lack of adequate WASH facilities
and poor housing were commonly reported risk factors. Additionally, displacement through
infrastructure damage, can lead to risk cascades for disease outbreaks; however, displacement
can also be an opportunity to remove people from danger and ultimately protect health. The
results shed new light on post-disaster disease outbreaks and their risks. Understanding these

risk factors and cascades, could help improve future region-specific disaster risk reduction.

2.1 Introduction

Despite reports of disaster-related disease outbreaks, few studies have systematically reviewed
or quantified such events or their associated risk factors on a global scale. The knowledge these
reviews could provide would be helpful in resource allocation in disaster risk reduction activities
and to guide new areas of research. Previous research on post-disaster disease outbreaks has
for the most part resulted in the collation of individual examples over specific time scales [1],
geographic areas [2] or focused on a certain disaster [3], resulting in limited generalisable results.
In Chapter 2, this research gap is addressed by creating the first unified and comprehensive

review and the results used to identify potential hypotheses for future quantitative analysis.

Disaster-related outbreaks are a product of risk factors created or exacerbated by the disaster,
particularly if these risk factors are not prepared for or managed effectively. Here, a risk factor is
defined as a clear mechanism that contributed to the disease outbreak and previously reported

risks were discussed in Chapter 1 (1.1.4 Historically Identified Risk Factors), e.g., WASH [4],
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disease vector changes [5], housing and shelter [6] and healthcare [7]. These risk factors are
often linked and made worse by population displacement, especially when adequate facilities
are not provided [8, 9]. Displacement can also increase the number of risk factors involved and
the likelihood of risk factor cascades, making the cause of the outbreak difficult to ascertain

and therefore control [10].

The aim of Chapter 2 is to gain a global overview of post-disaster disease outbreaks and their
reported risk factors with no temporal or geographic limitations. The approach will enable
the identification of links, if any, between certain hazards, vulnerabilities, disasters, geographic

regions and aetiological agents. The specific objectives of the review are to:

1. Provide a global overview of infectious disease outbreaks that occurred in a post-disaster
(disasters involving either natural hazard or armed conflict) setting, to show disaster

types, geographic areas affected and outbreak aetiologies.

2. Examine the risk factors that lead to these outbreaks and how they may link to form

cascades.

3. Use these links to identify areas of future research.

2.2 Methods

Systematic reviews sit at the top of the evidence hierarchy for medical research, considered
both highly filtered and having low levels of bias [11]. Systematic reviews must first formulate
questions, then appraise relevant studies on their quality and finally summarise the evidence
found [12]. The review here most closely aligns to an aetiology or risk systematic review, which
are used to determine to what degree a relationship exists between an exposure and a health
outcome. In order to achieve this, the review aimed to outline the exposure, disease and health

outcome of interest, the population and its location, and the study period where relevant [13].

The review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analysis

(PRISMA) 2015 checklist [14] (Supplementary Table 2.1) and were guided by the methodolog-
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ical approach delineated by Khan et al. [15]. The framework was set out to follow five stages:
(1) framing the questions, (2) identifying relevant work, (3) assessing study quality, (4) sum-
marising the evidence and (5) interpreting the findings. The full methodological protocol used
in this review underwent peer review prior to commencement of this work [16], with the key

components summarised here.

2.2.1 Stage 1: Framing the Research Questions

After preliminary research on natural hazards and armed conflicts and their risk factors for
communicable disease outbreaks, it became apparent that quantification of these contextual
outbreaks and their risks was insufficient to gain a clear global understanding of the issue. Due

to this deficiency, the review questions were defined as follows:

1. Which pathogens, disasters, global changes and geographic areas are commonly implicated

in outbreaks in a post-disaster setting?

2. Which risk factors are important in causing post-disaster disease outbreaks and how are

they potentially linked to form cascades?

2.2.2 Stage 2: Identifying Relevant Work

The following electronic databases were searched; MEDLINE, Embase and Global Health, but
grey literature was not included. Reference lists of selected papers and reviews were screened
for relevant research (snowballing) and subjected to the same screening process. Both key and
medical subject heading (MeSH) terms varied depending on the database and were related to;
(1) natural hazards, (2) armed conflict and (3) infectious disease outbreaks (Supplementary
Table 2.2). No standard definitions for natural hazards, armed conflicts and disease outbreaks
were set, as this may have excluded important studies, along with any specific risk factors. No
temporal or geographic limits were set and no specific risk factors searched to avoid bias in the

search results. Electronic database searching ceased in June 2020, so any relevant literature
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retrieved after this date were excluded. The results and references were imported and managed

in a Microsoft Excel spreadsheet [16].

Along with broad terms for outbreaks, specific diseases as identified by WHO [17] as common
infectious disease outbreaks following disasters were also searched (diarrhoeal disease, hepatitis
A & E, leptospirosis, measles, meningitis, acute respiratory infection, malaria, dengue, tetanus
and coccidiomycosis), along with commonly reported diseases identified from preliminary scop-
ing searches (e.g., viral heamorrhagic fevers, polio, leishmaniasis and causal agents of diarrhoeal
disease including cholera, typhoid and dysentery). Despite evidence for contextual increases
[18, 19], HIV, hepatitis B, hepatitis C and tuberculosis were not searched/included, as they
were considered as not capable of causing acute outbreaks but instead more chronic disease and
have a wide range of social implications beyond the scope of this review. Soft tissue injuries,
wound infections, inhaled fungal spores and aspiration pneumonia (tsunami lung) were also
not included. Such infections would only impact those that had open wounds and/or exposure
to the pathogen in the environment, and as such the patient could not transmit the pathogen
through environmental contamination or direct contact making it an unlikely pathway to a

widespread outbreak.

2.2.3 Stage 3: Assessing Study Quality

After the removal of duplicates, search results were screened to assess the study quality and
decide on selection against an eligibility criterion (Table 2.1), developed through the PICOS
method [20]. After consideration of published tools, the National Institute of Health (NIH)
quality assessment tool (Supplementary Table 2.3) was used for study appraisal and thresholds
set for exclusion [21]. The NIH tool was chosen as it best captures the types of studies reviewed
here, while accounting for bias and several methodological flaws. Studies score either ‘good’,
‘fair’ or ‘poor’, depending on the how many questions are answered ‘yes’. All studies rated
‘poor’ were removed and any study which rated ‘fair’ was assessed to decide if the questions
answered ‘no’ would lead to major biases in answering the research questions. The papers

were screened by one reviewer (G. Charnley) and ineligible papers eliminated. All titles and
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abstracts that met the criteria were subjected to full-text reading.

Table 2.1: Eligibility criteria for the included literature in the systematic review. Developed
by the PICOS method: Population, Intervention, Comparison, Outcome and Study type

Inclusion Criteria

Population | Any local population/community impacted by a post-disaster disease outbreak

Any investigation carried out to quantify a disease outbreak and understand
Intervention

the risk factors

Members of the disaster-affected population who did not acquire an
Comparator

infection during the outbreak

The primary outcome is to understand post-disaster disease outbreaks on a global
Outcomes scale. The secondary outcome consists of identifying the risk factors that

result in these outbreaks

Retrospective observational studies, namely, cross-sectional, case-control
Study type

and cohort studies. Full-text or abstracts in English

Exclusion Criteria

Papers without an explicit link between a disaster and an outbreak

Outbreaks in refugees/refugee camps, foreign armed forces, aid workers and international

travellers, as this review aimed to look at local outbreaks in regional populations

Non-English abstract and full-texts, due to linguistic constraints

Review papers, as only primary sources were desired for this review

Single case reports, as these were often not seen as representative of an outbreak in this context

Publications discussing general risk factors, public health, mental health and non-communicable

diseases, pathogen genetics or economic costs in a post-disaster setting were excluded, as they

are beyond the scope of this review and its objectives. Disease outbreaks in international

refugee camps were also removed, due to most refugees being housed in the camps from multiple

countries, involving multiple disasters. Therefore, linking these outbreaks to a specific disaster

was challenging and the only outbreaks in a camp setting included were national relief camps

[16].
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2.2.4 Stage 4: Summarising the Evidence

A predetermined data charting form was used based on preliminary reading and the objectives
of the review. Extracted data included information on the publication (title, authors, date,
journal), disaster type, disease, case numbers, study area, study period, identified risk factors,
methodological details (study design, sample sizes, laboratory tests, statistical analysis) along
with any other relevant information/data. Risk factors were recorded regardless of whether
the author ran statistically analyses. To ensure all relevant data were collected, the form was
reviewed by other members of the research team before implementation and the data were

extracted independently by the sole reviewer (G. Charnley) [16].

To ensure that distinctions could be made between risk factors and there was no overlap in
grouping, risk factor recording was a dynamic process. The exact wording of the reported risk
factor was first entered into the data charting form and then reviewed and streamlined into
categories after all the studies had been read, re-evaluating studies as needed. As this process
is open for interpretation, Supplementary Table 2.4 shows all the individual risk factors and

how they were clustered to improve transparency.

2.2.5 Stage 5: Interpreting the Findings

Descriptive Analysis

Categorisation was used only for ease in interpreting and presenting the results and were altered
retrospectively as needed (e.g., categories removed if no outbreak was found). To improve trans-
parency, how each outbreak was categorised is presented in tables throughout Chapter 2 and the
Supplementary Material. Regions were categories based upon how the results were clustered
(Africa, South & South East Asia, East Asia, Europe, Latin America and the Caribbean (LAC),
North America, the Middle East, Oceania and Europe). It is acknowledged that the chosen
regions were somewhat non-comparable due to differences in population sizes, environments

and proximity to causative factors for hazards (e.g., fault lines for geophysical hazards).
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Slow-onset and sudden-onset disasters were considered in this review and were categorised
into the five groups outlined below. The classification followed those provided by EM-DAT,
the Emergency events Database curated by the Centre for Research on the Epidemiology of
Disasters [22]. Any flooding caused by a tsunami or storm was listed under the hazard causing
the flooding, not hydrological, as this was considered the primary cause of the outbreak, while

being aware that the vulnerabilities are still the cause of the disaster:

Conflict - any form of reported armed conflict or violence

Hydrological - flooding caused by high precipitation (not by hurricanes, cyclones, ty-

phoons, tropical storms or tsunamis)

Geophysical - earthquakes, volcanic eruption and tsunamis

Meteorological - hurricanes, cyclones, typhoons and tropical storms

Climatological - droughts

Diseases were also categorised into disease type (bacterial, viral, parasitic and mixed pathogen)
and transmission type (water-borne, vector-borne, air-borne, direct contact and rodent-borne).
Risk factors were identified by any study that specifically named them as risks or was suggested
to have been involved in facilitating the outbreak (either statistically or not). Risk factors were
divided manually into mutually exclusive clusters identified by similarities in how they resulted
in an outbreak and preliminary reading. This formed fourteen clusters, which are delineated

below, along with how they were defined:

e Displacement - A report of national population movement due to the disaster

e WASH - Any issues with access to or quality of water, sanitation and hygiene provisions,

separate from disruptions to specific municipal services

e Housing - Reports of inadequate living conditions or the location of either, habitual

residence or temporary housing provided after displacement
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Vector/animal - Changes in animals and vectors that increased contact with the popula-

tion and subsequent disease spread

Age - Reported age-related risk factors, either a demographic group e.g., children, or a

specific age category e.g., <b years
Healthcare - Any issue that prevented people seeking formal healthcare
Gender - Males or females being more at risk

Behaviour - Any report of human behaviour which heightened the risk of contact with

the pathogen, except human displacement

Environment - Alterations in the natural environment that exacerbated the risk of con-

tracting the disease

Municipal services - Disruption to municipal services e.g., street cleaning, removal of

waste
Nutrition - Issues with insufficient diet or eating specific foods

Occupation - An occupation which was associated with increased pathogen exposure and

therefore disease

Socio-economic - Further socio-economic conditions that increased cases but did not fit

into any other cluster. These mainly included education and poverty

Co-morbidities - Significant numbers of infected individuals also presented with another

morbidity

Following the data extraction and to help illustrate how the information collected answered the

aims and objectives, the results were presented both; (1) numerically, with outbreaks broken

down and quantified by disaster, geographic region and pathogen, along with the importance

of risk factors and (2) narratively, by synthesising the methods used, the importance of global

change and the links between risk factors and possible cascades.
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Statistical Analysis

A range of statistical analyses were used including Pearson’s chi-squared (X?), at a significance
level of p <0.05 (equation below). The test identifies if the differences in categories e.g., regions,
disasters, diseases and risk factors, were significant or due to chance. The X? value is the sum
of the square of the residuals, where O; is the observed values and F; is the expected, if there

was no significant difference between groups:

0; — E;)?

O i
The Pearson’s chi-squared residuals indicate how far the observed value was from the expected
value. The standardised residuals (to 3 decimal places) were plotted in a correlation matrix,
with a residual closer to zero indicating less of an association between the corresponding row
and column (and similar observed and expected values). A stronger positive association signifies
the observed was higher than expected and a negative association indicates it was lower than
expected (if there was no significant difference between groups). To extract the standardised

residuals, the following equation is used:

(0i — Ey)

Standardised residuals =

Confidence intervals for multinomial proportions are a measure of uncertainty and work by
taking a proportion of the sample and adjusting for sampling error, in this instance at a 95%
level of confidence. Confidence intervals were used here to help illustrate the potential impact
and limitation of sample size in some categories. Sample size was likely to vary widely here

and a smaller sample size reduces the certainty that the sample reflects the population.

A hierarchical cluster analysis was utilised to show the similarity between risk factor cluster
reporting. The aim of this analysis was to lend evidence to the hypothesis that some risk
factors may be linked. A distance matrix was first computed using complete linkage clustering

algorithm. Next, hierarchical clustering was used to analyse the set of dissimilarities, at each
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stage joining the two most similar clusters by computing the maximum distance, continuing
until there was a single cluster and plotting the results on a dendrogram [16]. All statistical
analysis was completed in R using R version 3.6.273 (packages: “corrplot” [23], “DescTools”

[24], functions: “corr()”, “corrplot()”, “MultinomCI()”, “dist()” and “hclust()”).

2.3 Results

2.3.1 Search Results

After screening the search results, 132 studies were selected for inclusion in the analysis (Sup-
plementary Information 2.1) and a PRISMA flow diagram illustrates the selection process below
(Figure 2.1). Electronic database searching ceased in June 2020 but no studies after 2019 met
the inclusion criteria; the studies therefore spanned from 1940 to 2019 and included ten dif-
ferent types of disaster and 39 different diseases across six continents. The types of studies
included were retrospective and mainly involved observational studies, namely cross-sectional,
case-control, case-crossover, cohort studies and epidemiological and environmental field inves-

tigations.

Several studies were either multi-disaster or multi-disease events. These were split to allow full
quantification of diseases and disasters and resulted in 140 separate disease outbreaks and 137
separate disasters. Eight studies had only an abstract in English available, therefore the full
text was not reviewed. Given the caution that the searches were conducted in English only,
expansion to other languages at this stage would have yielded inconsistent results. A further 25
studies were excluded because they focused on internationally displaced populations in refugee
camps. Four studies with methods involving serological surveys for disease prevalence were
removed, as confirmed cases of a current infection/outbreak related to a disaster could not be
identified by serology. Relatively few studies were excluded due to being categorised as ‘poor’

by the NIH tool, and mainly included those published before 1950.

71



Records excluded
(n=3,770)

Full-text excluded, with reasons

(n=46)

S MEDLINE Embase GlobalHealth

'g (n=937) (n=1,381) (n=1,663)

O

=

=

C l

3

= Records after duplicates removed
(n=3,948)

[o)]

£

C l

3

o Records screened

(7] (n=3,948)

2

o) Full-text articles assessed for eligibility

k=) (n=178)

Ll

3

'g Studies included in results

o (n=132)

(=

Figure 2.1: PRISMA diagram for the selected 132 studies on post-disaster disease outbreaks.

2.3.2 Disaster, Region & Disease

Conflicts, hydrological and geophysical events were the most commonly reported disasters as-
sociated with disease outbreaks, with fewer outbreaks associated with climatological and mete-
orological events. A full list of reported disaster frequencies is shown below in Table 2.2. It is
worth noting that although conflicts appear frequent (n = 45), they were not sub-categorised

(mainly due to the large proportion of civil wars) and are less frequently reported than all

natural hazards grouped together (n = 92).
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Table 2.2: Full list of reported disasters included in the review and their frequencies.

Disaster Type | Disaster Frequency
Hydrological Flood 43
Geophysical Tsunami 9
Earthquake 17
Volcanic eruption | 2
Meteorological | Cyclone 4
Typhoon 4
Tropical Storm 1
Hurricane 6
Climatological Drought 6
Conflict Armed conflict 45

Africa, S & SE Asia and the Middle East were strongly over-represented compared to Oceania,
the Americas and Europe in post-disaster disease outbreaks (Figure 2.2 and 2.3a). Within the
regions, India (n = 12), the USA (n = 10) and China (n = 9) were predominant. A full list of

reported region frequencies is shown in Supplementary Table 2.5.

The over-represented regions are mainly accounted for by the large number of conflict-related
disease outbreaks in Africa and the Middle East (Figure 2.3a & 4a), especially in Sudan and
South Sudan (9/45). In contrast, there were relatively few reports of African geophysical
events and S & SE Asian conflicts. Africa also experienced a high proportion of climatological-
related events, reporting 5 out of 6 drought-related outbreaks (Figure 2.4a). S & SE Asia
mainly reported hydrological and geophysical-related outbreaks (Figure 2.3a), commonly in

India (12/71), along with Bangladesh and Sri Lanka (7/71).
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Disaster Frequency

Figure 2.2: Frequency of reported post-disaster disease outbreaks by country for the 137
separate disaster events found in the literature search. Labels are ISO3 country code and only
countries which reported outbreaks are labelled.

With respect to causal agent and transmission mode of disaster-related disease outbreaks,
bacterial and water-borne diseases were predominant groups (Figure 2.3b and ¢), compared to
mixed pathogen, direct contact and rodent-borne pathogens. A full list of reported aetiologies

and transmission modes are shown in Supplementary Table 2.6.

Reported outbreaks were often disaster specific, and therefore diseases associated with hydro-
logical events and conflicts were frequently reported. There were strong positive correlations
between bacterial or water-borne diseases and hydrological events and viral or parasitic disease
and conflicts (Figure 2.4b and ¢). This was mainly due to the number of post-flood leptospirosis
(n = 18), cholera and dysentery outbreaks (n = 8). In addition, geophysical events and air-
borne pathogens showed positive associations, whereas strong negative correlations were seen
between conflicts and bacterial pathogens and vector-borne disease and hydrological events
(Figure 2.4b and c¢). Additional Pearson’s chi squared analysis for pair-wise comparisons is

shown in Supplementary Table 2.7.
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Figure 2.3: Proportion of reported post-disaster outbreaks by a, region against the 137
separate disasters, b, the 140 separate disease outbreaks by pathogen type against disaster
and c, the 140 separate disease outbreaks by transmission against disaster with multinomial
confidence intervals (95%). LAC — Latin America and the Caribbean.
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Figure 2.4: Correlation matrix for the Pearson’s standardised chi-squared residuals of the
categories in a, region against disaster (chi® = 101.81, p-value = <0.05), b, disease against
disaster (chi® = 31.49, p-value = <0.05) and c, disease transmission against disaster (chi® =
47.31, p-value = <0.05). Positive residuals are in blue and signify a positive association and
higher observed value than expected between the corresponding row and column. Negative
residuals are in red and signify a negative association and lower observed value than expected.
Created using R package “corrplot” [23].

2.3.3 Risk Factors

Across the 132 post-disaster disease outbreaks, 418 risk factors were reported in the studies
reviewed. Individual risk factors had varying frequencies within the fourteen main clusters
(Figure 2.5) and how they were grouped are shown in Supplementary Table 2.4. Pearson’s chi-
squared analysis found that risk factors were significantly different (at p <0.05) among post-

disaster disease outbreaks. Additional figures for the fourteen main risk factor clusters against
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disease are shown in Supplementary Figure 2.1 and additional statistics in Supplementary Table

2.7.
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Figure 2.5: Proportions of the fourteen main risk factor clusters out of the 418 risk factors
reported in the search results, against disaster, with multinomial confidence intervals (95%).
WASH - Water, sanitation & hygiene.

The most frequently reported risk factor was displacement, being reported 81 times, especially

in

relation to conflict (chi? = 4.29, p <0.05) and geophysical events (chi? = 1.51, p = 0.22). It

was most frequently reported as a general risk factor, with no details given or to national relief

camps and temporary housing. In two studies, displacement was expanded upon with details
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on the initial and final destination e.g., rural to urban.

WASH was the second most commonly reported cluster (n = 59), due to poor sanitation, access
to clean drinking water and poor hygiene (Figure 2.6a). WASH risk factors were high in all
disaster types, other than climatological, potentially due to its small sample size (n = 6). The
highest frequencies of WASH risk factors were seen in hydrological events (chi® = 0.3, p =
0.58) and conflicts (chi® = 2.16, p = 0.14), although chi-squared analysis showed they were
not significant. Instead, WASH risk factors were particularly prominent among water-borne
disease outbreaks (chi2 = 13.64, p <0.05), such as leptospirosis, cholera and dysentery, and
mainly attributed to the increase in standing floodwater and damage/overflow of sanitation

systems.

Poor housing was the third most commonly reported cluster (n = 48), often associated with
geophysical events (chi® = 10.66, p <0.05), such as earthquakes and tsunamis. The resultant
extensive infrastructure damage following these events lead to displacement in conjunction with
housing risk factors, presenting through the high incidence of overcrowding (19/48), poor or

temporary shelter and camp settings (13/48) (Figure 2.6b).

Changes in vector (mosquito) or animal (domestic, livestock, wildlife) exposure were frequently
linked with hydrological (chi? = 5.17, p <0.05) and conflict (chi® = 2.34, p 0.13) events, through
alterations in vector breeding ground (14/39) and vector control (4/39) (Figure 2.6¢), leading

to parasitic diseases (chi? = 8.46, p <0.05), such as malaria.

Of the 40 reported age-related risk factors, a quarter were in children under five years, with
people under 20 years increasing that proportion to 75% (Figure 2.6d). This was region and
disease-specific, with several water-borne (chi? = 2.13, p = 0.14) diarrhoea outbreaks in conflict

events (chi? = 0.16, p = 0.68) reporting children under 5 years as a risk factor.

Poor healthcare services resulting in disease outbreaks (n = 35) were particularly common in
conflicts (chi® = 30.6, p <0.05) compared to natural hazards. Poor access and vaccination
coverage were the most common risk factors in this cluster (Figure 2.6e), therefore high levels

of vaccine-preventable viral diseases were reported (chi? = 14.4, p <0.05).
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Gender was reported 25 times, 20 of these stated that being male was a risk factor (vs 5 reports
of being female as a risk factor). A common narrative was that men assisted in post-hydrological
event clean-up activities (chi? = 8.5, p <0.05), increasing their exposure to floodwater, the most
common risk factor reported in the environment cluster (13/19). The exposure to floodwater
resulted in an enhanced likelihood of contracting water-borne diseases (chi® = 2.08, p = 0.15),

especially leptospirosis (7/18).
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Figure 2.6: The five most commonly reported risk factor clusters (Water, sanitation and
hygiene (WASH), Housing, Vectors/Animals, Age and Healthcare), split into the proportion
of individual reported risk factors, with multinomial confidence intervals (95%). Although
displacement was the most frequently reported risk factor, it was not included as it had few
elements within the cluster.
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2.3.4 Multi-Risk Factor Reporting and Clustering

Most of the reviewed disease outbreaks were associated with multiple risk factor clusters; almost
half of the included studies cited two (29/132) or three (32/132) risk factors (Figure 2.7a). This
is also underestimated, as multiple risk factors were often reported within each cluster, for each
outbreak (Supplementary Table 2.4). Of the comparatively few studies that reported zero (n =
8) or one (n = 22) risk factors, several (3/7 and 4/20, respectively) were in studies where only
an abstract was available and therefore risk factors may have been discussed in the full text. In
the studies that reported at least 1 risk factor cluster (n = 124), conflicts were most common
(n = 46) and India and China were the most common countries reporting multiple risk factors
with 8 and 7 multi-risk factor outbreaks, respectively. Unspecified or multi-pathogen diarrhoeal
disease and cholera were the most frequent multi-risk factor diseases, but the commonality of
these groups (conflicts and water-borne diseases) may represent the comparatively large number

of reported outbreaks.

The hierarchical clustering analysis (Figure 2.7b and Supplementary Figure 2.2) helps to il-
lustrate and understand the relationships between risk factors and how they were reported
together. It is clear that displacement, WASH and housing were the most related risk fac-
tors here. Thirteen studies reported WASH and housing risk factor clusters together, mainly
through overcrowding (n = 10), hygiene (n = 7) and sanitation (n = 6). WASH risk factors
were also commonly reported with displacement, being reported together 12/13 times. Health-
care and age were reported together eleven times, eight of which were in children <15 years
old (and commonly male) and mainly reported issues with vaccination coverage or poor access.
Of the twelve occurrences that age and gender were reported together, seven were in males
<20 years old. The similarity of gender, the environment and behaviour were predominantly
through male exposure to floodwater and assisting in post-disaster clean-up, as previously dis-
cussed, with gender and hydrological events also showing statistical significance, as shown on

the previous page.
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Figure 2.7: Multi-risk reporting and hierarchical clustering. a, Proportions of studies (n =
132) which reported either 0 to 7 different risk factors, within the fourteen main clusters. b,
cluster dendrogram from hierarchical cluster analysis for the fourteen main risk factor clusters.
Individual segments (leaves) on the lower part of the tree are more related to each other, as
indicated by distances between the branches. The scale bar showing the dissimilarity distance
between the proportions of each risk cluster. 8b was created using base R function “hclust()”.

2.4 Discussion

The results shed new light on post-disaster disease outbreaks globally, including their frequency,
geography and characteristics. The most striking results identified here include the large num-
bers of bacterial and water-borne disease due to hydrological events in South Asia and viral
diseases in African conflicts. Diseases and their associated risk factors were often disaster-
specific, as certain disasters created ideal conditions for specific pathogens. The hierarchical
clustering showed further evidence for the multifaceted nature of these outbreaks and the idea

of risk factor cascades contributing to these outbreaks.

Displacement was involved with many other risk factors, resulting in poor health outcomes
and also involved in spreading diseases to new areas, as seen with Lassa fever in Sierra Leone

[25]. Loss of infrastructure and the resultant displacement appears to be important in both
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armed conflicts and natural hazards, leading to damage to habitual residence, healthcare and
services. Examples include destruction of healthcare and housing after an earthquake in Japan,
leading to a pneumonia outbreak [26] and difficulties in accessing health care in Yemen during
the ongoing civil war and cholera outbreak [27]. Despite these conditions being potentially
important in both natural hazards and armed conflicts, how they yield negative health impacts
may be different and only conflict and displacement proved to be statistically significant from

the chi-squared analysis.

2.4.1 Risk Factor Cascades

Natural Hazards

Natural hazards may result in risk factor cascades driven by displacement (Figure 2.8a), due
to infrastructure damage. Damage can occur through flooding involving meteorological or hy-
drological events. Alternatively, it occurs through direct damage in geophysical events, with
geophysical events and displacement showing a statistically significant relationship. Infras-
tructure damage and floodwater generally led to an increase in poor living conditions and an
inability to maintain hygiene standards and access clean water, explained through the clus-
tering of displacement, WASH and housing in the hierarchical clustering. Evidence for this
is presented in over half of the reported WASH risk factors, occurring in post-hydrological or
post-meteorological events and the statistically significant relationship between poor WASH

conditions and water-borne diseases.

Flooding leads to increased exposure to groundwater and overflowing sewage systems. These
conditions can expand vector breeding grounds, increasing the contact between populations
and vectors and the resultant increase in disease cases [28, 29]. In contrast to this, Figure 2.4c
showed a strong negative association between hydrological events and vector-borne disease.
Vector breeding can be more complex than space to breed (e.g., standing water), and other
factors (e.g., temperature, salinity) may prevent vectors breeding in floodwater. Floodwater

has also been known to destroy breeding grounds, instead of creating new ones [30].
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Conflicts

In armed conflict events, cascades may result from loss of healthcare infrastructure, limiting
access to and the quality of health services (Figure 2.8b), especially for children. Statisti-
cal analysis adds further evidence to this statement, finding a significant relationship between
healthcare risk factors and conflict and similarity between healthcare and age in the cluster
analysis. Vaccination coverage was a commonly reported risk factor in these events, potentially
accounting for the significant relationship between healthcare risk factors and viral disease.
Fourteen out of twenty conflict-related viral outbreaks were vaccine-preventable diseases, in-
cluding hepatitis A, polio and measles. Mass vaccination campaigns are commonly run through
humanitarian aid organisations and as conflicts escalate, these services are often suspended due
to safety concerns [7]. Another study suggested that despite high measles vaccination coverage
in the Central African Republic, an outbreak still occurred due to reporting issues and poor

cold-chain maintenance [31].

An additional factor seen in conflicts includes healthcare forming the political fabric of the
violence, resulting in attacks on health centres and workers. This further reduces uptake of
services as people do not perceive seeking care as safe [32] and mistrust can escalate towards
both the government and healthcare providers [33]. For example, conflict in the Democratic
Republic of Congo has reportedly hampered Ebola response teams in the outbreak with begun
in 2018, causing delays in vaccination and reducing vaccine effectiveness by as much as 37.7%
(based on the ratio of administered doses to the number of primary and secondary contacts of

each case) [34].
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2.4.2 Displacement

Despite a common negative narrative used for displacement, one study discussed displacement
as a protective factor. Reporting on West Nile virus after Hurricane Katrina, the study states
that displacement allowed people to move away from floodwater and therefore vector breeding
grounds [28]. A lack of displacement may be a sign of inequity and poor socio-economic
conditions, as people do not have the financial means to move and therefore become trapped
within the affected area [35]. Displacement can be an opportunity to move people out of

immediate danger caused by the disaster and provide services quickly and easily to large groups.

Unfortunately, the opportunity to remove this danger is often not capitalised on. For example,
of the 25 times being male was reported as a risk factor, 17 of these were during outbreaks
where displacement was not reported to have occurred. This is not simply a representation
of the commonality of non-displacement, as displacement was reported on more occasions (n
= 73) than not (n = 54). Interestingly, exposure to floodwater was also reported 16 times
in outbreaks without displacement, compared to just once in studies where displacement did
occur. This suggests that without displacement (especially after flooding), risk factor cascades
resulted from men being more likely to assist in post-natural hazard clean up (potentially due

to gender norms, expectations and stereotypes [36]), exposing them to disease.

2.4.3 Water, Sanitation & Hygiene

These results and clustering help highlight the importance of basic sanitation and hygiene, re-
gardless of disasters, as poor WASH is linked to several infectious diseases and often associated
with poverty [37, 38]. For example, in Kenya, only 24.3% of the population have access to
adequate sanitation, a figure which is much worse for rural communities [39]. Unfortunately,
studies rarely mention these non-disaster-related conditions which impact population vulner-
ability. Instead, risk factors are solely reported in causing the outbreak but not why they
occurred or previous conditions, providing a current state and not a comprehensive view of

vulnerability. This is a potentially important area of future research, especially for effective
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disaster planning.

Poor WASH conditions may explain why children were often implicated in these results. In
India, where 28% of the reported outbreaks occurred, around 1.7 million children died before
the age of 5 in 2010 alone, with diarrhoea causing 13% of this mortality [40]. Similar statistics
are present throughout South Asia and Africa [41]. Another possible reason is that commonly
reported diseases, including polio, measles and cholera, heavily impact young children, due
to physiological (rapid onset dehydration and wasting) and social differences (poor hygiene
standards) [42, 43]. The gendered and age-specific risk factors found in this review, stress the
need for sex and age-disaggregated post-disaster data in order to try and fully understand the

impacts on disease outbreaks.

2.4.4 Implications of Global Change

The risks of climate change for health are far-reaching [44, 45] and natural hazards provide
an opportunity to attribute a climate-related event to a health outcome. The review findings
have several implications for region-specific global change. For example, under climate change
scenario RCP4.5 (an intermediate scenario representing moderate emissions reductions), projec-
tions are geographically heterogenous suggesting a drier Africa and the Middle East and wetter
southern Asia [46]. These changes may therefore alter the frequency/intensity of droughts
and floods in the future and therefore, more related disease outbreaks in areas already heavily

impacted by post-disaster disease outbreaks.

Two studies [47, 48] also reported that contact with floodwater in conjunction with higher than
normal temperatures was a risk factor for developing a water-borne disease. Alterations in
temperatures can impact the ways pathogens and vectors behave in the environment, yielding

implications from rising global temperatures [30, 49, 50].

Alterations in temperature and precipitation may also occur in conjunction with population
growth and urban expansion, with East and South East Asia seeing the highest rates of urban-

isation [51]. Many of these areas are low-lying coastal cities, and liable to flooding, sea level
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rise [52] and potential post-disaster disease outbreaks. This combination of both climate and
population changes may therefore put more people (at higher densities) at risk for post-disaster

disease outbreaks.

However, urbanisation provides opportunities to meet the needs of concentrated groups of peo-
ple and can be an effective low-carbon way of managing and providing services and employment.
Successful urban planning through building design, education and provision of healthcare, con-
tributes to effective disaster mitigation strategies and possibly reduces the risk of post-disaster
disease outbreaks [53, 54]. While urban residents often have lower emissions per capita, com-

pared to their rural counterparts, reducing their impacts on climate change [55].

2.4.5 Limitations

Difficulties arise when comparing one disaster to another, as disaster severity, population risks
and socio-economic conditions of affected populations are substantially different. Thus, this is
not a complete list of global post-disaster disease outbreaks and outbreaks are likely to have
been missed through excluding grey literature and internationally displaced populations. If
populations were displaced internationally by a disaster and an outbreak occurred, it could be
argued that this was caused by the disaster. Despite this, several of the reported camps housed
refugees from multiple countries, linking them to multiple disasters; therefore, this would have

created issues linking the outbreak to a specific disaster.

There is a temporal bias in reporting here, as disaster and disease outbreak reports and the
curation of public datasets have increased exponentially in recent years, due to a greater global
effort [56, 57]. The increase in reporting has also coincided with an increase in published
literature. It is therefore difficult to understand whether disease outbreaks or disasters are
increasing or if this is a product of reporting. Additionally, studies which were published before
1950 often did not meet the inclusion criteria here, scoring ‘poor’ on the NIH tool, mainly
due to a lack of methodological detail. This removed a number of conflict-related outbreaks

reported during World War II.
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Reporting bias may be a cause of the gender-related risks found here. The high number of males
reporting disease may not be due to more men contributing to disease cases but because they
were more likely to seek formal medical assistance and therefore be reported. More research
is needed to understand gender biases and barriers for women accessing care in post-disaster
settings. For example, women may have less access to health insurance and financing or may

not be allowed to attend hospitals alone due to cultural values or fears around safety [58, 59].

Outbreaks were particularly common in disasters that were highly publicised, contributing
to another potential reporting bias. For example, of the 26 earthquake and tsunami-related
outbreaks, ten were due to just two natural hazards; the 2011 Japan Earthquake and Tsunami
and the 2004 Indian Ocean Tsunami. This may have introduced an over-reporting bias for
certain disaster types and regions, raising questions about whether these disasters saw more
disease outbreaks, or whether they were more often reported. However, they may have been
highly publicised because they were particularly severe in terms of damage and mortality and
therefore resultant disease outbreaks. Comparing the results against a ”baseline” may be a
method to address reporting biases, however disaster databases also suffer from similar reporting

issues, resulting in no ideal data or figures for comparison [56].

The over-represented regions found in this review are generally stated as having high numbers
of disaster, compared to other regions. Additionally, certain regions may be over-represented
due to the removal of non-English studies, e.g., few outbreaks were found in South America,
potentially because the search strategy excluded studies written in Spanish and Portuguese.
Therefore, the large number of outbreaks may have been a product of the overall higher disaster
frequencies in certain areas. For example, in a 2020 review Africa and the Middle East were
reported as being the most conflict-prone regions [60], while in a 2018 review of natural hazards,
141/315 hazards were reported in Asia [61]. However, the results still increase the understanding
of the risk factors caused by certain disasters. It could be argued that the higher number of
disasters in these regions should lead to less outbreaks, as the region is more aware of the
risks and how to prevent them. Additionally, figures for the number of disasters have several

limitations and are dependent on what was included in the data.
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Defining a disaster and attributing an infectious disease outbreak to the event has its difficul-
ties, as there is no consensus on when a disaster ends and recovery begins [62]. This creates
limitations in assigning and comparing risk factors and a major limitation of risk factor analysis
is its subjectivity. If the authors of the reviewed studies did not clearly state their risk factors
and mechanisms, this resulted in an element of subjectivity in trying to interpret the results.
Reported risk factors also depend on the data collecting process used during the outbreak and
what was asked of participants. Several of the less frequently reported risk factors may link
to more common factors but were just listed differently by the authors and resulted in high

uncertainty.

The magnitude of a risk factor in one event may differ from others, particularly in terms of how
it was perceived by the population and researchers. Confirmed and probable cases ranged from
two to 379,000 across the 132 studies; therefore, how risk factors were measured and analysed
in such a wide range of case numbers is likely to differ, especially statistically. Despite the
studies’ limitations, with 132 separate outbreaks and 418 reported risk factors, this review is

significantly larger and broader in scope than other studies exploring similar subjects [1, 2, 3].

2.4.6 Conclusion

Our understanding of how global change will alter risks to populations is still relatively incom-
plete and has become a growing area of study, including population vulnerability to disasters.
Chapter 2 is the first comprehensive global overview of disaster-related disease outbreaks and
highlights commonly reported risk factors related to both conflicts and natural hazards. De-
spite displacement being suggested as an important risk factor, displacement may help mitigate
several other risks and remove people from hazardous situations, ultimately protecting their
health relative to those not displaced. This is an important finding for disaster and public health
literature, as this challenges the narrative of many previous studies. It supports the theory and
practice of disaster risk reduction and response in terms of recognising that displacement is
not inherently detrimental, but the impacts depend somewhat on how the displaced people are

supported.
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India and several African countries had particularly high outbreak reporting rates compared
to other countries. Further evidence is needed to understand why this is the case, or if it is
simply a by-product of their very large geographic areas and population sizes. Certain disease
aetiologies were common in specific disasters, which were often reported in specific regions. This
specificity is essential for international disaster risk reduction, as humanitarian and government
sector can effectively prepare for and help communities withstand the impacts of post-disaster
disease outbreaks through effective region-specific mitigation. By further understanding the
risk factors involved, outbreaks can be reduced, and this chapter identifies better sanitation

and housing as areas for prioritisation.

The results of the review highlight several links between certain disasters, regions and diseases
and the work presented in subsequent chapters aim to investigate some of these links. As
previously discussed the number of reports for certain disasters and diseases may be due to
reporting bias, therefore areas of future research were based around identifying possible links
but where a research gap still remained. One example of a link identified here, in the absence of
high numbers of papers was drought-related outbreaks in which five out of six occurred in Africa.
Droughts are a complex disaster, often being slow-onset and issues arise in assigning a drought
start and end point. The conditions which create a drought are also not consistent and vary
significantly among geographic locations [63, 64, 65]. These complexities may have prevented
previous drought-related work, instead focusing on hazards considered less contentious such as

floods.

Water-borne disease outbreaks were common in a drought setting (3/6), of which cholera was
reported several times. Cholera was also the second most commonly reported disaster-related
disease outbreak (third was diarrhoeal outbreaks with no specific pathogen identified) and was
the most common multi-risk factor reporting disease. Africa is both a drought and cholera
prone region, while being chronically understudied in terms cholera [66]. Limited research has
investigated the links between cholera and drought and many outbreaks may have been missed
or not attributed to dry conditions. The next chapter aims to investigate these links in more
details, being the first quantitative study to evaluate drought and cholera in isolation and the

potential risk factors for these outbreaks.
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Supplementary Figure 2.1: Proportions of reported risk factor clusters against disease
type and transmission.
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Supplementary Figure 2.2: Hierarchical cluster analysis of the top five risk factor clusters,
broken down into individual risks reported within the cluster.
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Supplementary Tables

Supplementary Table 2.1: The Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) 2015 checklist [14].

Section and topic Item No Checklist item

ADMINISTRATIVE INFORMATION

Title:

Identify the report as a protocol
Identification la

of a systematic review

If the protocol is for an update
Update 1b of a previous systematic review,

identify as such

If registered, provide the name
Registration 2 of the registry (such as PROSPERO)

and registration number
Authors:

Provide name, institutional affiliation,

email address of all protocol authors;
Contact 3a

provide physical mailing address

of corresponding author

Describe contributions of protocol
Contributions 3b authors and identify the guarantor

of the review

If the protocol represents an

amendment of a previously

completed or published protocol,
Amendments 4 identify as such and list changes;

otherwise, state plan for

documenting important protocol

amendments
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Support:

Sources

Sponser

Role of sponsor or funder

5a

5b

5¢

Indicate sources of financial or
other support for the review
Provide name for the review
funder and/or sponsor

Describe roles of funder(s),
sponsor(s), and/or institution(s),

if any, in developing the protocol

INTRODUCTION

Rationale

Objectives

Describe the rationale for the
review in the context of what is
already known

Provide an explicit statement
of the question(s) the review
will address with reference

to participants, interventions,

comparators and outcomes (PICO)

METHODS

Eligibility criteria

Specify the study characteristics
(such as PICO, study design,
setting, time frame) and report
characteristics (such as years
considered, language, publication
status) to be used as criteria

for eligibility for the review
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Information sources

Search strategy

Study records:

Data management

Selection process

Data collection process

10

11a

11b

11c

Describe all intended information
sources (such as electronic databases,
contact with study author, trial
registers or other grey literature sources)
with planned dates of coverage

Present draft of search strategy

to be used for at least one electronic
database, including planned limits,

such that it could be repeated

Describe the mechanism(s) that
will be used to mange records
and data throughout the review
State the process that will be
used for selecting studies

(such as two independent reviews)
through each phase of the

review (that is, screening, eligibility
and inclusion in meta-analysis)
Describe planned method of
extracting data from reports
(such as piloting forms, done
independently, in duplicate),

any processes for obtaining and

confirming data from investigators
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Data items

Outcomes and prioritisation

Risk of bias in

individual studies

Data synthesis

12

13

14

15a

15b

15¢

15d

List and define all variables for

which data will be sought (such

as PICO items, funding sources),

any pre-planned data assumptions
and simplifications

List and define all outcomes for

which data will be sought, including
prioritisation of main and additional
outcomes, with rationale

Describe anticipated methods for
assessing risk of bias of individual studies,
including whether this will be done

at the outcome or study level, or both;
state how this information will be
used in data synthesis

Describe criteria under which study
data will be quantitatively synthesised
If data are appropriate for quantitative
synthesis, describe planned summary
measures, methods of handling

data and methods of combining

data from studies, including any
planned exploration of consistency
Describe any proposed additional
analyses (such as sensitivity

or subgroup analyses, meta-regression)
If quantitative synthesis is not
appropriate, despite the type of

summary planned
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Meta-bias(es)

Confidence in

cumulative evidence

16

17

Specify any planned assessment

of meta-bias(es) (such as publication
bias across studies, selective
reporting within studies)

Describe how the strength of

the body of evidence will be
assessed (such as GRADE)
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Supplementary Table 2.2: Search strategies for MEDLINE, Embase and GlobalHealth.

Category

Natural Hazards

Conflicts

Disease

Keywords

natural hazard®* OR
natural disaster*
OR extreme

adj2 event™

armed (’,(Jnﬁi(ft* or
civil war*

infectious disease

outbreak*

OR communicable
disease outbreak™

MeSH MEDLINE
climatic process exp,
cyclonic storms exp,
droughts exp, floods exp,
tidal waves exp,
geological phenomena exp,
avalanches exp,
earthquakes exp,
landslides exp,

tsunamis exp,

volcanic eruptions exp,
wildfires exp,

natural disasters exp
ethnic violence exp,
exposure to violence exp,
armed conflicts exp,

war exposure exp
disease outbreaks exp,
epidemics exp,

communicable diseases exp,

diarrhoea,

vibrio infections exp,
cholera exp,

salmonella infections exp,
typhoid fever exp,
paratyphoid fever exp,
leptospirosis exp,

Weil disease, measles exp,
measles virus exp,
meningitis, bacterial exp,
meningitis,

escherichia coli exp,
meaningococcal exp,
pneumococcal exp,

respiratory tract infections exp,

malaria exp,
dengue exp, tetanus exp,
clostridium infections exp,

haemorrhagic fevers, viral exp,

poliomyelitis exp,
poliovirus exp,
coccidioidomycosis exp,
dysentery exp,
leishman

leishmaniasis, visceral exp,
hepatitis exp,

hepatitis a exp,

hepatitis e exp

cutaneous exp,

MeSH Embase

natural disaster exp,
disaster victim exp,
earthquake exp,
drought exp,
flooding exp,
hurricane exp,
tsunami exp,
landslide exp,
avalanche exp,
wildfire exp,
volcano exp

war exposure exp, ethnic conflict exp

typhoid fever exp, salmonellosis exp,
acute hepatitis exp, hepatitis a virus exp,
hepatitis e virus exp, hepatitis a exp,
hepatitis e exp, leptospirosis exp,
measles exp, respiratory tract
infection exp, malaria exp,

dengue exp, tetanus exp,
coccidioidomycosis exp, haemorrhagic
fever exp, poliomyelitis exp,

dysentery exp, acute diarrhoea exp,
meningitis exp, skin leishmaniasis exp,
visceral leishmaniasis exp
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MeSH GlobalHealth

natural disaster exp,
hurricanes exp,
tornados exp,
typhoons exp,
droughts exp, floods exp,
earthquakes exp,
landslides exp,
avalanches exp,
tsunami exp,
volcanos exp,
wildfire exp

conflict exp,
war exp,
aggression exp,
fighting exp

outbreaks exp, epidemics exp,
infectious diseases exp,
diarrhoea exp,

cholera exp,

vibrio cholerae exp,
salmonella typhi exp,
typhoid exp,

salmonella paratyphi exp,
paratyphoid exp,
hepatitis a exp,
hepatovirus a exp,
hepatitis e exp,
hepatovirus e exp,
leptospirosis exp,

measles exp,

meningitis exp,

bacterial meningitis exp,
viral meningitis exp,
respiratory diseases exp,
malaria exp,

dengue exp, tetanus exp,
coccidioidomycosis exp,
leishmaniasis exp,
cutaneous leishmaniasis exp,
visceral leishmaniasis exp,
haemorrhagic fever exp,
poliomyelitis exp,
dysentery exp




Supplementary Table 2.3: The National Institute of Health’s Quality Assessment Tool for
the three main study types reviewed in Chapter 2. Studies are rated either ‘good’, ‘fair’ or
‘poor’ depending on how many questions are answered ‘yes’ vs ‘no’.

Observational Cohort and Cross-Sectional Studies
Other

Criteria Yes No (CD,
NR, NA)*

1. Was the research question or objective in this

paper clearly stated?

2. Was the study population clearly specified and defined?

3. Was the participation rate of eligible persons at least 50%°7

4. Were all the subjects selected or recruited from the same

or similar populations (including the same time period)?

Were inclusion and exclusion criteria for being in the

study prespecified and applied uniformly to all participants?

5. Was a sample size justification, power description,

or variance and effect estimates provided?

6. For the analyses in this paper, were the exposure(s)

of interest measured prior to the outcome(s) being measured?

7. Was the timeframe sufficient so that one could

reasonably expect to see an association between

exposure and outcome if it existed?

8. For exposures that can vary in amount or level,

did the study examine different levels of the exposure

as related to the outcome (e.g., categories of exposure, or

exposure measured as continuous variable)?

9. Were the exposure measures (independent variables)

clearly defined, valid, reliable,

and implemented consistently across all study participants?

10. Was the exposure(s) assessed more than once over time?
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11. Were the outcome measures (dependent variables)

clearly defined, valid, reliable, and implemented consistently
across all study participants?

12. Were the outcome assessors blinded to the exposure

status of participants?

13. Was loss to follow-up after baseline 20% or less?

14. Were key potential confounding variables measured

and adjusted statistically for their impact on the relationship
between exposure(s) and outcome(s)?

Case-Control Studies

1. Was the research question or objective in this paper

clearly stated and appropriate?

2. Was the study population clearly specified and defined?

3. Did the authors include a sample size justification?

4. Were controls selected or recruited from the same or

similar population that gave rise to the cases

(including the same timeframe)?

5. Were the definitions, inclusion and exclusion criteria,
algorithms or processes used to identify or select cases and
controls valid, reliable, and implemented

consistently across all study participants?

6. Were the cases clearly defined and differentiated from controls?
7. If less than 100 percent of eligible cases and/or

controls were selected for the study, were the cases and/or
controls randomly selected from those eligible?

8. Was there use of concurrent controls?

9. Were the investigators able to confirm that the exposure/risk
occurred prior to the development of the condition or event that

defined a participant as a case?
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10. Were the measures of exposure/risk clearly 