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Abstract 28 

Background 29 

Cholera remains a major public health challenge globally, with sub-Saharan Africa bearing the 30 

highest burden. In recent years, several African Union Member States have faced severe and 31 

protracted cholera outbreaks, with the African CDC reporting a total of 73,806 cholera cases 32 

and 490 deaths (CFR: 0.66%) reported across 22 African Union Member States in 2025. In 33 

Uganda, recurrent outbreaks disproportionately affect vulnerable populations such as fishing 34 

communities, refugees, and border residents. Despite ongoing interventions, including 35 

vaccination campaigns targeting most at-risk populations, national cholera control strategies, 36 

and water, sanitation, and hygiene (WASH) improvements, gaps persist in local health system 37 

preparedness, surveillance, and response capacity. Using a system thinking workshop, this 38 

study engaged diverse stakeholders to analyze the system drivers of cholera vulnerability and 39 

identified strategic intervention pathways to strengthen health system resilience. 40 

Methods 41 

We employed a participatory group model development (GMD) approach guided by systems 42 

thinking to identify intervention pathways for strengthening health system resilience to cholera 43 

outbreaks in Uganda. A two-day workshop was conducted with 20 purposively selected 44 

stakeholders from government, academia, the private sector, NGOs, community organizations, 45 

and development partners. This process involved (1) reviewing the current situation using prior 46 

study findings, (2) identifying the desired outcomes and performance gaps, (3) analyzing key 47 

issues and underlying drivers, (4) developing a cause–effect system map (systemigram) using 48 

Kumu, (5) identifying and analyzing stakeholders, (6) identifying resilience change levers, and 49 

(7) prioritizing intervention pathways through a structured voting process. Data were analyzed 50 

using systems mapping and stakeholder analysis techniques. We applied a seven-phase process 51 

of systems thinking and cocreation in a two-day workshop involving 20 multisectoral 52 

stakeholders. 53 



Results 54 

Three key systemic challenges affecting the health system’s capacity to prevent and respond to 55 

cholera outbreaks were identified: inadequate water, sanitation, and hygiene (WASH) 56 

infrastructure; weak surveillance systems; and poor coordination among stakeholders. The 57 

participants also identified and prioritized nine intervention pathways to strengthen health 58 

system resilience. The highest-ranked interventions included strengthening multisectoral 59 

coordination and leadership, establishing a data-based surveillance system, and enhancing 60 

community engagement for sustainable WASH services, in addition to other measures such as 61 

innovative sanitation technologies, cross-border vaccination, alternative WASH financing 62 

models, local technical capacity building, and strengthened digital surveillance systems. 63 

Conclusion 64 

Group Model Development (GMD) provided a comprehensive framework that integrated a 65 

codesign approach and applied systems thinking in the design of intervention pathways to 66 

strengthen the resilience of the health system to the cholera outbreak. Future research is needed 67 

to evaluate these pathways within the most affected communities. 68 

Introduction 69 

Cholera continues to be a major global health concern, with sub–Saharan Africa accounting for 70 

the greatest number of endemic countries [1]. The global burden remains high, with 71 

approximately 2.9 million reported cases and more than 90,000 deaths reported every year [2]. 72 

In the years preceding 2010, Uganda was reported among countries in Africa experiencing 73 

recurrent cholera outbreaks[3, 4]. The literature shows that vulnerability to cholera in Uganda 74 

is shaped by environmental exposure, socioeconomic factors, and health system capacity [5]. 75 

High-risk populations include fishing communities, displaced persons, refugees, peri-urban 76 

slum dwellers, and flood-affected communities in the Albertine region [3, 5]. According to the 77 

Ministry of Health in Uganda, cholera accounts for 1,850 cases and 45 deaths annually, with 78 



Nebbi, Hoima, Buliisa, and Mbale contributing 60% of all reported cholera cases between 2011 79 

and 2016 [6, 7]. During the same period, seventeen districts were responsible for 90% of all 80 

reported cholera cases in the country, with greater Hoima, Kasese and Nebbi contributing 37%, 81 

indicating that these districts are the most affected in Uganda. Since 2015, the number of cases 82 

of cholera in Uganda has been declining, with the number of cases decreasing from 1,461 in 83 

2015 to 516 in 2016, representing a reduction of approximately 65%, and since the 88.2% 84 

decrease in 2013, the number of cases of cholera has decreased by 31% in 2016 [8, 9]. 85 

Several interventions, including vaccination campaigns [10], the National Cholera Control Plan 86 

[7], and health system strengthening through improved district-level preparedness, 87 

surveillance, emergency coordination, and community readiness for disasters such as floods 88 

and outbreaks [11], as well as water, sanitation and hygiene (WASH) improvements [12], have 89 

been implemented nationally and regionally. Despite these efforts, gaps in cholera control 90 

remain. Subnational health systems still face resource constraints, weak supply chains, and 91 

limited surge capacity for responding to disease outbreaks [4, 11, 13, 14]. Evidence is 92 

insufficient on the preparedness, adaptability, and recovery capacity of local health systems 93 

during cholera outbreaks, as several studies focus mainly on outbreak response and 94 

surveillance, with little emphasis on broader health system resilience and long-term adaptive 95 

capacity [4, 15]. The perspectives of health workers, communities, and local authorities on 96 

system resilience are not well captured in existing epidemiological studies. Failure to 97 

strengthen health system resilience in the context of adverse weather events could worsen the 98 

reoccurrence of cholera outbreaks and increase morbidity and mortality in high-risk districts. 99 

Cholera and other epidemics afflict many communities in Africa, calling for innovative 100 

thinking if we are to develop sustainable solutions that will have transformational impact. We 101 

therefore need to adopt systems-level thinking in which we make strategic intervention 102 

decisions that are informed by a holistic view of the ecosystem and its key stakeholders. 103 



Employing systems thinking in cholera outbreak management provides an opportunity to 104 

transition from a reactive, isolated response to a holistic, anticipatory strategy. In this study, 105 

intervention pathways were defined as strategic sets of interconnected actions, policies, 106 

investments, and system changes that target key leverage points within the health system and 107 

are expected to produce significant and sustainable improvements in resilience to cholera 108 

outbreaks. 109 

Using a group model development (GMD) approach grounded in systems thinking, this study 110 

convened a team of stakeholders involved in a health care delivery system and facilitated them 111 

through a system thinking process [16]. Systems thinking has been widely applied in the design 112 

of health interventions and understanding complex interactions within health systems [17, 18]. 113 

In India, a realist evaluation approach applying systems thinking in healthcare was used to 114 

understand organisational change within local health systems in the Tumkur district of southern 115 

India [19]. Systems thinking can facilitate understanding of complex implementation contexts 116 

and their interactions with interventions, enabling the selection of tailored and effective 117 

implementation strategies [20, 21]. These approaches provide a system-wide understanding of 118 

complexity, causality and interactions from the perspective of a whole system [22, 23]. 119 

This study employed a participatory group model development (GMD) approach grounded in 120 

systems thinking to identify intervention pathways for strengthening health system resilience 121 

to cholera outbreaks in Uganda. Systems thinking provides a conceptual framework for 122 

understanding the health system as a complex adaptive system characterized by multiple 123 

interacting actors, feedback loops, and dynamic relationships. Group Model Development 124 

served as the methodological approach through which stakeholders collaboratively explored 125 

these system dynamics, identified key drivers of vulnerability and resilience, and cocreated 126 

strategic intervention pathways [16]. 127 



Methods 128 

Study design 129 

This study employed a participatory group model development (GMD) approach grounded in 130 

systems thinking to identify intervention pathways for strengthening health system resilience 131 

to cholera outbreaks in Uganda. 132 

Group Model Development 133 

GMD is a participatory systems research method derived from system dynamics that engages 134 

stakeholders in collectively developing representations of complex systems to facilitate shared 135 

understanding, learning, and action. This approach enables participants to articulate their 136 

mental models, identify causal relationships, examine feedback mechanisms, and determine 137 

leverage points for system transformation. In this study, GMD was used to facilitate a 138 

structured exploration of the factors influencing cholera preparedness, response, and recovery 139 

within the Ugandan health system. The GMD process has been widely used in systems research 140 

[24-28]. 141 

The two-day Group Model Development workshop involved a multidisciplinary team of 142 

stakeholders drawn from the health system and related sectors. The participants represented a 143 

broad range of perspectives, including the public health sector, private sector, academia, 144 

nongovernmental organizations (NGOs), community-based organizations (CBOs), 145 

development partners, innovation specialists, and business experts. A total of twenty 146 

participants were purposively selected on the basis of their knowledge, experience, and 147 

involvement in the strengthening of cholera prevention, preparedness, response, and health 148 

systems. 149 

The workshop focused on the relationships between the components of the resilient system, 150 

events, interactions and feedback between these components [29]. The systems thinking 151 

workshop applied a cocreation approach that relied on stakeholder input to determine the most 152 



strategic and high-priority interventions, which, if addressed, would result in maximum 153 

transformational impact using minimal resources. 154 

The workshop methodology was adapted from Stanford University's Change Labs framework 155 

and other participatory systems methodologies previously applied by the ResilientAfrica 156 

Network (RAN) across several African countries to analyze resilience challenges and identify 157 

innovation opportunity systems [30-32]. This approach integrates systems thinking tools with 158 

group model development techniques to support stakeholder-driven analysis of complex 159 

systems and identification of high-leverage interventions. 160 

The process focused on understanding the relationships among actors, structures, processes, 161 

and outcomes within the cholera preparedness and response system. Participants examined how 162 

these elements interact over time and how feedback mechanisms contribute to both system 163 

vulnerabilities and resilience. The process generated a shared representation of the system and 164 

facilitated the identification of strategic intervention points for strengthening resilience. The 165 

primary outputs of the workshop included a system map (Systemigram), stakeholder 166 

relationship maps, and a set of prioritized intervention pathways. These outputs provide a basis 167 

for understanding system dynamics and identifying opportunities for transformational change 168 

within the health system. 169 

Systems thinking workshop process to develop intervention pathways 170 

The workshop methodology was implemented in sequential stages. In the first part of the 171 

workshop, participants were given a series of tools to enable them to understand the resilience 172 

system and its boundaries regarding cholera outbreaks and the interrelationship with the health 173 

system. The seven steps are described below. 174 

Step 1: Understanding the Current System Situation 175 



The participants received a full briefing on the outcomes of the earlier studies (a high-level 176 

summary of the findings from the qualitative and quantitative studies previously conducted 177 

plus the literature to obtain grounding in the key resilience issues). This briefing was also 178 

shared prior to the workshop as part of the preworkshop materials. 179 

Step 2: Defining the desired outcomes 180 

The goal here was to identify the desired outcomes and performance gaps (issues). Participants 181 

collectively identified the desired characteristics of a resilient health system capable of 182 

effectively preventing, detecting, and responding to cholera outbreaks. Through facilitated 183 

discussions, participants articulated current challenges and corresponding desired outcomes, 184 

generating issue–outcome pairs that served as the basis for subsequent analysis. 185 

Step 3: Identifying Key Issues and Underlying System Drivers 186 

The objective was to identify key driving dynamics for the performance gaps. The participants 187 

examined the identified resilience challenges and explored their underlying causes. Through 188 

structured group discussions, priority issues affecting cholera preparedness and response were 189 

identified and analyzed to elucidate the deeper systemic factors driving the observed 190 

performance gaps. 191 

Step 4: Collaborative development of the system map. 192 

A central component of the Group Model Development process involved the collaborative 193 

construction of a system map representing the relationships among key issues, causes, effects, 194 

and stakeholders. Participants collectively developed a visual representation of the cholera 195 

preparedness and response system by identifying causal connections, feedback relationships, 196 

and interdependencies. Following the prioritization exercises, three key systemic challenges 197 

emerged: 198 



1) Limited WASH access, unsafe water, vandalism, hygiene gaps and open defecation 199 

increase community cholera vulnerability. 200 

2) Weak surveillance systems characterized by limited training, poor coordination, 201 

inadequate financing, and climate pressures delay cholera detection, preparedness, and 202 

effective community response capacity. 203 

3) Poor coordination among stakeholders, including NGOs and the government at the 204 

national and district levels, leads to duplication, resource wastage, and fragmented 205 

cholera control efforts. 206 

The priority emerging issues, together with their causes and underlying causes, effects and 207 

secondary effects, were then used to construct a system map in a practical simulation, 208 

showing interrelationships between issues, their causes and their effects. Relationships 209 

between issues and sub issues are then connected using relationship lines, as indicated in 210 

Figure 1. The raw diagram (Figure 1) was then transferred to a visualization software called 211 

KUMU (https://www.kumu.io), as highlighted in Figures 2, 3 & 4 in the results. 212 
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Fig 1: Relationships between issues and sub issues 213 

Step 5: Stakeholder identification and relationship analysis 214 

The objective here was to critically analyze each key stakeholder to understand them and their 215 

capacities, barriers and enablers and interests. Participants identified key stakeholders 216 

operating within the cholera preparedness and response system and analyzed their roles, 217 

interests, capacities, and relationships. Stakeholders were categorized according to their degree 218 

of influence and involvement within the system. Participants also explored existing and desired 219 

relationships among stakeholders, including flows of information, resources, authority, and 220 

collaboration. 221 

Step 6: Identification of System Leverage Points 222 

Using the system map and stakeholder analyses, participants identified leverage points where 223 

strategic interventions could produce significant system-wide improvements. Through 224 

facilitated brainstorming and discussion, participants proposed potential change levers capable 225 

of influencing multiple system components and improving resilience outcomes. The 226 

participants wrote out the change lever, including a brief description of the lever so that it is 227 

understood in context. 228 

Step 7: Prioritization of Intervention Pathways 229 

The objective here was to down select from the pool of change levels. This final stage focused 230 

on prioritizing intervention pathways with the greatest potential to strengthen health system 231 

resilience to cholera outbreaks. The participants reviewed the identified leverage points and 232 

assessed their transformative potential. Through a structured voting process, priority 233 

interventions were selected and consolidated into a set of strategic intervention pathways. Nine 234 

key intervention pathways were selected and described by the stakeholders 235 

 236 

   237 



Analysis of the data from the systems thinking workshop 238 

Analysis was conducted at three levels using information derived from the different worksheet 239 

tools. In the first-level workshop, participants worked in small groups of approximately 6 240 

individuals to unpack the system by listing what they knew about the cholera outbreak, the 241 

desired outcome, and the existing gaps in preparedness and response. This session helped 242 

identify the key issues (gaps), underlying causes and effects, and stakeholders involved in the 243 

system. It is important to note that the issues do not occur in isolation but rather are part of a 244 

complex system of causes (primary and secondary) and effects (primary and 245 

intermediate/secondary). The issues, causes, and effects also interconnect with each other in a 246 

complex web of hierarchies. The participants consequently went through an exercise in which 247 

they constructed a systems diagram (cause-and-effect map) for the fundamental issues 248 

described. The causal relationships between the issues and the myriad of interconnected causes 249 

and effects were captured in a web-based platform called KUMU.io. To construct a Kumu map 250 

for the identified issues, we used the interconnected causes and effects and stakeholder 251 

relationships developed during the workshop. We gathered and organized the data into 252 

elements (main issue, primary causes, secondary causes, primary effects, secondary effects and 253 

stakeholders) and connections (relationships between the different elements) using an Excel 254 

spreadsheet. We then created a Kumu project and imported and imported the developed 255 

spreadsheet containing the elements and connections after verifying the field mappings. We 256 

then categorized and tagged the elements for filtering, chose an appropriate layout and applied 257 

styling (colors, sizes, and icons) to reflect attributes and use layers to present different views. 258 

At the second level, a stakeholder analysis was conducted. Participants were asked to identify 259 

key stakeholders and their roles within the system. Working in groups, participants analyzed 260 

stakeholder–stakeholder interactions with a focus on roles, access to resources, and level of 261 

influence between each of the stakeholders within the system. For each of these relationships 262 



mentioned, the current relationship/value, which flows between stakeholders, as well as that 263 

which should be flowing but is not flowing, was identified. The workshop participants 264 

identified weak, strong and nonexistent relationships on the basis of the roles they played to 265 

make the system effective. Stakeholder analysis was also included in the kumu mapping 266 

At the third level, participants were taken through a series of sessions using different tools on 267 

how to identify priority change levers that, once well leveraged, could cause a desired change 268 

in the entire complex outbreak preparedness and response. Participants examined the system 269 

maps and stakeholder relationship worksheets to identify strategic points in the system where 270 

an intervention would have significant effects on the system. The participants generated change 271 

levers. All similar or interrelated changes were clustered together into intervention pathways. 272 

Each participant was provided with 8 sticky votes and asked to vote for at least five intervention 273 

pathways. Interventions with less than 5 votes were not considered. Depending on how 274 

compelling the pathways are, a participant was welcome to cast one or more of their four votes 275 

on a single pathway. The top nine (9) priority pathways were selected. 276 

Results 277 

Analysis of issues and underlying phenomena 278 

Three underlying issues, namely, inadequate WASH facilities and infrastructure, weak 279 

surveillance systems, and poor coordination among stakeholders, were identified as key 280 

systemic challenges hindering efforts to strengthen the health system to manage cholera 281 

outbreaks. 282 

Inadequate access to WASH services 283 

Participants indicated that the current WASH infrastructure is hindered by inadequate safe 284 

water sources in the communities and where the water sources were available; participants 285 

mentioned that these water sources are sometimes vandalized by unscrupulous individuals in 286 



the community. Participants mentioned that it was very important to understand these deficits 287 

at the system level as a way of teasing out interventions that could improve prevention and 288 

control mechanisms for cholera outbreaks in the country. Owing to the low coverage of WASH 289 

services, such as inadequate access to safe water, communities are forced to use unsafe water 290 

alternatives that predispose them to cholera. 291 

Participants identified several primary and secondary causes of inadequate access to WASH 292 

services; inadequate water, sanitation, and hygiene (WASH) infrastructure exacerbated by 293 

insufficient funding; challenging environmental conditions, such as flooding, destruction or 294 

theft of WASH facilities; limited spare parts; and a shortage of local technical expertise, which 295 

limits access to safe water and sanitation; prolongs service interruptions; and increases reliance 296 

on unsafe alternatives, whereas poverty, high fertility and rapid population growth place 297 

additional pressure on strained WASH resources; persistent disputes over water access; low 298 

community ownership and care; and cultural practices that discourage latrine use or safe water 299 

handling, weak or inactive management systems; additionally, political interference further 300 

undermines coordination, accountability, maintenance, and the equitable distribution of 301 

services, collectively heightening communities’ vulnerability to cholera transmission. 302 

The primary and secondary effects identified include inadequate access to safe WASH services, 303 

which forces communities to rely on contaminated water and encourages open defecation, 304 

which contaminates the environment and water bodies and accelerates cholera transmission; 305 

this poor access undermines handwashing and hygiene, contaminates food during preparation, 306 

and contaminates surface and groundwater, sustaining recurrent outbreaks and overwhelming 307 

health systems. The resulting frequent illness and absenteeism disrupt learning and reduce 308 

academic performance, limit workforce productivity, and drive reliance on untrained providers, 309 

delaying effective treatment, while the accumulation of waste and unhygienic living conditions 310 

further increase disease burden and vulnerability. 311 



The cause–effect analysis was further elucidated in a systemic diagram using kumu.io, and the 312 

interactions between the causes and effects are presented in Figure 1. The stakeholders that 313 

influence the relationships are also presented in the figure. 314 

 315 

Figure 2: A systemigram showing the interaction between the causes and effects of 316 

inadequate WASH facilities. 317 

The network with the greatest impact on the system originates from poor or nonfunctional 318 

WASH infrastructure, which is strongly linked to limited financing, poor maintenance, rapid 319 

population growth, and weak community engagement (Figure 2). Collectively, these factors 320 

generate structural weaknesses within the system that manifest as open defecation, inadequate 321 

hygiene practices, and contaminated water sources. These outcomes represent key primary 322 

effects that are interconnected through multiple causal pathways and feedback mechanisms. 323 

As these effects accumulate, they trigger secondary effects such as increased diarrheal disease 324 

burden, recurrent cholera outbreaks, and overstretched healthcare systems, each of which loops 325 

back into the causes through mechanisms such as loss of productivity, increased poverty levels, 326 



and reduced community capacity to maintain or operate WASH facilities. Another impact 327 

network is driven by limited health promotion and behavior‑change communication, which is 328 

linked to poor cultural beliefs, low hygiene awareness, and inadequate community 329 

mobilization. This cluster highlights risky WASH behaviors, further contaminating the 330 

environment and reinforcing disease transmission. The system also highlights how governance 331 

and management failures, including weak institutional coordination and unregulated 332 

settlements, interact with infrastructural gaps to reduce the sustainability of WASH services, 333 

thereby perpetuating the cycle of vulnerability. Overall, the most influential pathways 334 

demonstrate a self-reinforcing cycle in which infrastructural deficits, socioeconomic 335 

constraints, and behavioral risks combine to deepen the health consequences of inadequate 336 

WASH, showing that meaningful improvements require simultaneous action across 337 

infrastructure, financing, governance, and community engagement. 338 

 339 

Weak disease surveillance systems 340 

Participants identified a weak disease surveillance system characterized by weak real-time 341 

monitoring and reporting of suspected cholera cases, irregular updates on case reporting, 342 

unsustainable updates, a limited capacity for last-mile diagnosis, and a lack of water quality 343 

monitoring at community water points. There was mention of limited capacity at both the 344 

national and cross-border levels in terms of coordination, with limited preparedness at border 345 

points. The weak surveillance system was also characterized by limited financing amidst 346 

varying priorities coupled with refugee influx. 347 

The primary and secondary causes of weak disease surveillance systems identified by 348 

stakeholders are as follows: insufficient and poorly supported surveillance capacity 349 

characterized by too few personnel for data collection and analysis; the absence of active 350 



surveillance systems; a low index of suspicion among health workers; limited training; funding 351 

constraints for field investigations and laboratory testing; gaps in understanding procedures; 352 

weak government planning; competing health priorities; and limited institutional attention, 353 

undermining cholera detection and response by producing delayed and underreported cases; 354 

poor-quality data; fragmented information flows; and weakened coordination, all of which 355 

hinder timely outbreak identification, investigation, and control. 356 

Relatedly, several primary and secondary effects emerge from weaknesses in the surveillance 357 

system. First, delayed identification and reporting of cholera cases allow transmission to 358 

continue undetected, leading to the emergence and expansion of outbreak hotspots. This delay 359 

slows the activation of emergency response measures and reduces the effectiveness of outbreak 360 

containment efforts. Second, limited and unreliable surveillance data constrain the timely 361 

deployment of health workers and resources to high-risk areas. Inadequate information also 362 

delays case detection, diagnosis, and treatment, increasing the risk of severe illness and 363 

mortality among affected populations. 364 

Third, prolonged outbreaks place additional pressure on the health system, overwhelming 365 

health facilities and response capacities. As resources are redirected to manage the outbreak, 366 

routine health services may be disrupted, affecting the delivery of essential healthcare. Finally, 367 

the increased workload associated with the outbreak response further weakens the surveillance 368 

performance. Overburdened health workers may struggle to fulfill surveillance and reporting 369 

responsibilities, leading to declining data quality and creating a reinforcing cycle that further 370 

compromises outbreak detection and response. The system interactions between the causes, 371 

effects and stakeholders are presented in the system diagram in Figure 3. 372 



 373 

Figure 3: Systemigrams showing the interactions between the causes and effects of a weak 374 

surveillance system for preventing and controlling cholera 375 

As presented in Figure 3, one of the key causal pathways originates from inadequate training 376 

of health workers, limited skills in data collection and analysis, and low levels of supervision, 377 

which collectively undermine data quality and reporting accuracy. These weaknesses flow 378 

directly into inadequate knowledge, poor risk perception, and ultimately no detection or late 379 

detection of outbreaks, which are among the strongest drivers of downstream effects in the 380 

system. The systemigram further illustrates that limited policy support, inadequate government 381 

planning, and shortages in human resources constitute an interconnected set of factors that 382 

interact with workforce capacity challenges. Together, these factors constrain the effective 383 

deployment of surveillance personnel and increase the workload of existing staff through 384 

multiple responsibilities and competing demands. 385 



Delayed response is associated with increased morbidity and mortality, disruption of essential 386 

health services, and the diversion of attention and resources toward multiple competing 387 

priorities. These consequences, in turn, reinforce existing system constraints by placing 388 

additional pressure on limited financial resources, thereby constraining investments in 389 

workforce training, supportive supervision, and technology adoption. Overall, weak workforce 390 

capacity and governance failures lead to poor detection and delayed response, which increases 391 

the disease burden of cholera and strains the health system, ultimately feeding back into the 392 

same constraints that weaken surveillance. 393 

Weak coordination mechanisms among stakeholders 394 

The workshop participants identified weak coordination among stakeholders as another key 395 

issue in cholera prevention and control. The primary and secondary causes of this weak 396 

coordination were unclear responsibilities and overlapping mandates; poor communication and 397 

isolated data systems; weak leadership; limited or poorly established coordination platforms; 398 

political interference; limited cross-border collaboration; misaligned sectoral and donor 399 

priorities; inadequate stakeholder engagement; ineffective institutional arrangements; limited 400 

transparency and corruption; and shortages of funding, supplies, and transport; service gaps; 401 

and delayed actions, all of which reduce the effectiveness and coverage of cholera prevention 402 

and response. 403 

Weak coordination among stakeholders results in duplicated interventions in some areas and 404 

service gaps in others, leading to inefficient use and misallocation of financial, human, and 405 

material resources; fragmented and delayed responses reduce the effectiveness of prevention 406 

and control measures; produce inconsistent reporting and limited information sharing; weaken 407 

accountability due to unclear roles and poor monitoring; and foster competition and mistrust 408 

that undermine collaboration and community participation, all of which delay decision‑making, 409 



resource mobilization, and implementation, prolonging and amplifying cholera outbreaks. The 410 

above causes and effects are demonstrated in a system diagram in Figure 4. 411 

 412 

Figure 4: Systemigrams showing the interaction between the causes and effects of weak 413 

coordination among stakeholders 414 

As shown in Figure 4, poor planning and unclear role definition, weak leadership, and 415 

insufficient coordination structures collectively contribute to fragmented implementation. This 416 

results in partners operating independently, with frequent duplication of efforts across 417 

programs. These upstream weaknesses flow directly into uncoordinated responses, partner 418 

conflicts, and missed opportunities for joint planning, all of which reduce coherence in 419 

decision‑making and resource allocation. A second high‑impact network emerges from 420 

inadequate data sharing and weak information flow across agencies, preventing real‑time 421 

situational awareness and leading to uncoordinated interventions and poor resource 422 

mobilization. This in turn contributes to gaps in service coverage, poor service delivery, and 423 

delays in emergency response and risk management. These effects loop back into the system 424 

by amplifying politics and institutional interests, further weakening transparency and mutual 425 



accountability among stakeholders. Another strongly connected pathway shows how poor 426 

accountability mechanisms and low stakeholder commitment reduce compliance with agreed-427 

upon plans and reporting structures, resulting in inconsistencies in service implementation and 428 

worsening the coordination gap. Together, these networks create a self‑reinforcing cycle: weak 429 

leadership and planning lead to fragmented action, which produces inefficient or duplicated 430 

efforts, resulting in poor outcomes that further erode trust, leadership credibility, and the 431 

willingness of actors to coordinate. Ultimately, the map illustrates that strengthening 432 

coordination requires simultaneously building leadership structures, harmonizing information 433 

systems, clarifying roles, and institutionalizing joint accountability mechanisms to break the 434 

cycle of fragmentation and operational dysfunction. 435 

Intervention pathways 436 

To address the causes and effects of these system challenges, workshop participants identified 437 

nine intervention pathways for strengthening the resilience of the health system. Table 1 438 

presents the priority intervention pathways identified during the systems thinking workshop as 439 

well as the number of votes per intervention. Multisectoral coordination and leadership, data-440 

based surveillance and community engagement for WASH sustainability scored the highest 441 

number of votes. 442 

 443 

 444 

 445 

 446 

 447 



Table 1: Selected intervention pathways with respective numbers of votes 448 

No Intervention No of votes 

1 Strengthening Multisectoral Coordination and Leadership 29 

2 Data-Based Surveillance System 14 

3 Enhanced Community Engagement for WASH Sustainability 12 

4 Innovative Low-Cost Latrine Facilities Acceptable to Communities 09 

5 Joint Cross-Border Vaccination of Incoming Travelers from Cholera-

Affected countries 

08 

6 Mindset Change on Water and Sanitation 06 

7 Alternative Financing Model for WASH Interventions 05 

8 Training Local Mechanics and Masons on Maintenance of WASH 

Facilities and Infrastructure 

05 

9 Strengthening Digital Data Systems for Surveillance and epidemic 

Response 

05 

Note: Each participant had eight votes and was required to vote for at least five interventions. 449 

Interventions with fewer than five votes were excluded from Table 1. 450 

Strengthening Multisectoral Coordination and Leadership 451 

The participants identified improved coordination and leadership as a critical intervention 452 

pathway. This intervention received almost twice the number of votes as the issue that came 453 

second during the prioritization. Optimized resource utilization is expected to result from 454 

effective leadership and collaborative planning. Intermediate outcomes include joint planning 455 

processes, updated health workforce matrices, improved data-sharing mechanisms, and 456 

strengthened resource mobilization. Progress is monitored using indicators such as the 457 

frequency of coordination meetings, the existence of data-sharing agreements, and the use of 458 

workforce planning tools. Changes in system behavior include joint planning processes, 459 

multisectoral mapping, and coordinated resource allocation. Human behavioral change 460 

involves government agencies and partners transitioning from siloed implementation toward 461 



collaborative engagement and shared accountability. The theory of change assumes that 462 

coordinated leadership improves efficiency, strengthens preparedness, enhances early 463 

detection and response, and ultimately reduces disease outbreaks and mortality. 464 

Data-based Surveillance System 465 

The participants emphasized the importance of strengthening surveillance systems through 466 

continuous real-time data collection and analysis. The proposed data-based surveillance 467 

pathway aims to enhance early outbreak detection, improve data quality, and strengthen 468 

coordination among stakeholders. The data-based surveillance system pathway seeks to 469 

establish a continuously functioning mechanism for collecting, analyzing, and using real-time 470 

health data to detect and respond rapidly to disease threats. The goal of the data-based 471 

surveillance system is to establish an integrated, real-time, and action-oriented public health 472 

intelligence system that enables continuous detection, analysis, and rapid response to cholera 473 

and other epidemic-prone diseases at the community, district, and national levels. Stakeholders 474 

propose a shift from passive reporting toward proactive surveillance by strengthening routine 475 

data collection at health facilities and community levels, automating data transmission through 476 

interoperable digital platforms involving Village Health Teams, and generating timely alerts 477 

that trigger predefined response actions at the district and national levels. At scale, the 478 

surveillance system ensures that suspected cases are detected early, verified rapidly, and 479 

communicated seamlessly across sectors to support coordinated decision-making and resource 480 

deployment. The intervention seeks to institutionalize data use within health system workflows 481 

by equipping health workers and decision makers with analytical tools, dashboards, and 482 

feedback mechanisms that translate data into operational responses such as targeted 483 

vaccination, WASH interventions, and risk communication. Ultimately, the vision is to create 484 

a resilient surveillance ecosystem capable of expanding geographically and functionally 485 



without system failure, thereby enabling early containment of outbreaks, efficient resource 486 

utilization, and sustained reduction in cholera incidence and mortality. System behavior 487 

transformations include automated alerts, rapid reporting feedback loops, transparency, and 488 

accountability in data use. Human behavioral change involves health workers, district leaders, 489 

and policy makers adopting data-driven decision-making and improved intersectoral 490 

communication. 491 

Enhanced Community Engagement for WASH Sustainability 492 

This intervention seeks to foster ownership and co-financing of WASH services. Participants 493 

envisioned empowered communities capable of managing and sustaining WASH infrastructure 494 

to improve functionality and sustainability. The scaled vision is empowered communities 495 

capable of managing and investing in their WASH systems with expected outcomes such as 496 

increased functionality of water user committees and improved awareness of sanitation options. 497 

Such interventions would shift system behavior toward community-led management and 498 

maintenance of WASH facilities, involving a community’s increased willingness to pay for 499 

maintenance, safeguarding of infrastructure, and active participation by community members. 500 

The theory of change under such an intervention is that when communities perceive WASH 501 

facilities as shared assets and participate in decision-making and financing, sustainability 502 

improves, infrastructure reliability increases, and sanitation outcomes are strengthened, 503 

ultimately reducing cholera risk. 504 

Innovative Low-Cost Latrine Facilities Acceptable to Communities 505 

To address affordability barriers, participants proposed community-centered design and the 506 

adoption of innovative low-cost latrines tailored to local environmental and socioeconomic 507 

conditions. This intervention pathway promotes the design and adoption of affordable, locally 508 



appropriate sanitation technologies developed through participatory community engagement. 509 

The scaled vision is improved sanitation coverage through widespread construction and the 510 

sustained use of innovative low-cost latrines. Intermediate outcomes include reduced open 511 

defecation and increased household latrine construction, monitored through indicators such as 512 

the number of latrines built and the proportion of open-defecation-free communities. System 513 

behavior emphasizes community-centered design and locally adaptable sanitation solutions. 514 

Human behavior change focuses on acceptance, correct usage, and community participation in 515 

sanitation innovation. The theory of change assumes that affordable and culturally acceptable 516 

sanitation options increase adoption rates, resulting in improved hygiene, reduced disease 517 

transmission, decreased mortality and malnutrition among children, and improved overall 518 

community health outcomes. 519 

Joint Cross-Border Vaccination of Incoming Travelers from Cholera-Affected Countries 520 

Participants identified cross-border transmission as a critical driver of recurrent outbreaks, 521 

leading to the development of a joint cross-border vaccination pathway targeting travelers 522 

arriving from cholera-affected areas. The joint cross-border vaccination intervention pathway 523 

focuses on screening travelers at points of entry and vaccinating individuals arriving from high-524 

risk cholera-affected areas to prevent cross-border transmission. The scaled vision for this 525 

pathway is to ensure that all travelers from high-risk regions are screened and vaccinated upon 526 

arrival, contributing to the elimination of cholera through the prevention of importation and 527 

onward transmission. Expected intermediate outcomes include early detection of cases, 528 

controlled disease spread, and the achievement of vaccination coverage exceeding 80% among 529 

high-risk travelers, measured through indicators such as vaccination uptake rates and the 530 

detection of suspected cases at border points. At the system level, human behavioral shifts to 531 

be tracked involve increased acceptance of screening and vaccination among travelers and 532 



communities, alongside complementary uptake of WASH practices. The theory of change 533 

assumes that strengthening border screening and vaccination systems, combined with 534 

community compliance and coordinated public health action, interrupts transmission chains 535 

early, thereby preventing possible cross-border outbreaks and reducing the national cholera 536 

burden. 537 

Changes in Water and Sanitation Mindset 538 

The mindset change intervention pathway focuses on reducing open defecation through 539 

behavioral change communication that emphasizes dignity, cultural values, and social norms 540 

surrounding sanitation. It involves the transformation of social norms, beliefs, and behavioral 541 

practices that sustain open defecation and poor hygiene behaviors within communities, thereby 542 

addressing a key underlying driver of cholera transmission. Rather than relying solely on 543 

infrastructure provision, this pathway recognizes sanitation as a social and cultural practice 544 

shaped by perceptions of dignity, acceptability, and collective responsibility. Activities include 545 

participatory community dialogs, the engagement of cultural and religious leaders, sanitation 546 

campaigns led by village health teams and extension workers, and locally tailored messaging 547 

addressing prevailing norms that normalize open defecation because of a lack of alternatives 548 

or long-standing cultural practices. Particular attention is given to gender and household 549 

dynamics, given that sanitation decisions often involve shared responsibilities among men, 550 

women, and children. The scaled vision is the achievement of open-defecation-free 551 

communities where safe sanitation practices are socially expected, culturally reinforced, and 552 

sustainably maintained without continuous external enforcement. Intermediate outcomes 553 

include improved household sanitation and increased latrine use, measured through indicators 554 

such as the proportion of households with functional latrines and a reduced prevalence of open 555 

defecation. At the system level, behavior shifts toward routine community monitoring, local 556 



leadership accountability, and the integration of sanitation promotion into primary health and 557 

community outreach structures. Human behavioral transformation targets men, women, and 558 

children through shifts in perceptions linking sanitation with dignity and social acceptance, 559 

reinforced by cultural and political leadership. The theory of change suggests that when 560 

sanitation behaviors become socially valued and culturally embedded, communities self-561 

regulate hygiene practices, leading to sustained reductions in environmental contamination. 562 

Improved sanitation behaviors interrupt fecal oral transmission pathways, thereby reducing the 563 

incidence of cholera and other diarrheal diseases. 564 

Alternative financing model for WASH interventions 565 

The participants highlighted inadequate financing as a systemic constraint and proposed 566 

alternative financing models involving government, private sector actors, development 567 

partners, and community contributions. The alternative financing model for the WASH 568 

intervention pathway addresses persistent funding gaps that limit the development, 569 

maintenance, and sustainability of water, sanitation, and hygiene infrastructure in cholera-570 

prone communities. The scaled vision of this intervention is the establishment of sustainable, 571 

diversified, and locally owned financing mechanisms capable of supporting long-term WASH 572 

investments while reducing dependence on short-term donor funding. The model promotes 573 

shared financial responsibility among government institutions, development partners, private 574 

sector actors, financial institutions, and communities. Intermediate outcomes include increased 575 

budget allocation, expanded WASH infrastructure development, and improved local revenue 576 

mobilization, measured through financial allocation and expenditure indicators. System 577 

behavior shifts toward structured financing mechanisms, transparent resource management, 578 

and accountability systems. Human behavioral changes include increased stakeholder 579 

commitment to financing WASH services and strengthened financial stewardship. The theory 580 



of change posits that predictable and diversified financing enables continuous investment in 581 

WASH infrastructure, improving sanitation coverage and reducing cholera vulnerability in 582 

high-risk communities. 583 

Training Local Mechanics and Masons on the Maintenance of WASH Facilities and 584 

Infrastructure 585 

focused on improving the sustainability of water and sanitation systems through training local 586 

mechanics and masons in the preventive maintenance and repair of WASH infrastructure. This 587 

intervention pathway aims to increase local technical capacity, thereby improving the 588 

sustainability and reliability of water and sanitation systems. The scaled vision progresses from 589 

pilot training of small groups to district-wide expansion and eventual institutional integration 590 

of trained personnel into district WASH systems. Intermediate outcomes of this capacity 591 

building would include reduced breakdown of facilities, improved access to safe water and 592 

sanitation, cost savings through preventive maintenance, and local job creation, monitored 593 

through indicators such as routine inspections, timely reporting of faults, and correct use of 594 

maintenance tools. Changes in human behavior in this intervention emphasize the adoption of 595 

preventive maintenance practices by technicians and increased community participation 596 

through reporting breakdowns and supporting maintenance activities. The theory of change for 597 

this intervention proposes that locally available technical skills reduce the downtime of WASH 598 

facilities, ensuring continuous service delivery, strengthening community resilience, and 599 

ultimately reducing water- and sanitation-related diseases, including cholera. 600 

Strengthening Digital Data Systems for Surveillance and Response 601 

In complementing surveillance strengthening, participants proposed the harmonization and 602 

digitization of fragmented reporting platforms. This intervention pathway addresses the 603 



limitations of paper-based and fragmented reporting systems by developing harmonized digital 604 

platforms for real-time surveillance and response. The scaled vision is a unified digital system 605 

providing continuously updated, accessible data products for planning and decision-making. 606 

Intermediate outcomes include the development of digital tools, training of focal persons, 607 

creation of visualization dashboards and GIS mapping systems, and improved human resource 608 

capacity for data management, monitored through indicators such as operational dashboards 609 

and trained personnel. System behavior shifts from manual reporting toward real-time digital 610 

data entry, integrated information sharing, and regular reporting cycles. Human behavior 611 

change involves ownership and buy-in from the Ministry of Health staff, politicians, and data 612 

entrants, alongside the adoption of prompt digital reporting practices. The theory of change 613 

posits that digitizing data systems and strengthening analytical capacity improves situational 614 

awareness and planning, enabling faster outbreak response and reducing the incidence and 615 

impact of cholera outbreaks. 616 

Discussion 617 

This study applied a participatory group model development (GMD) approach guided by 618 

systems thinking to identify intervention pathways for strengthening health system resilience 619 

to cholera outbreaks in Uganda. The results of the systems thinking workshop comprised two 620 

main components. First, participants identified key systemic challenges affecting the health 621 

system’s capacity to prevent and respond to cholera outbreaks. Through small group 622 

discussions, three major underlying issues emerged: inadequate water, sanitation, and hygiene 623 

(WASH) infrastructure; weak surveillance systems; and poor coordination among 624 

stakeholders. Second, participants identified and prioritized nine intervention pathways aimed 625 

at strengthening health system resilience to cholera. When participatory voting was used, the 626 

most highly prioritized interventions included strengthening multisectoral coordination and 627 

leadership, establishing a data-based surveillance system, and enhancing community 628 



engagement for sustainable WASH services, alongside other interventions such as innovative 629 

low-cost sanitation technologies, cross-border vaccination, behavioral change initiatives, 630 

alternative WASH financing models, local technical capacity building for infrastructure 631 

maintenance, and strengthened digital surveillance systems. 632 

Analysis of issues and underlying phenomena 633 

System-wide analysis revealed three underlying issues that hinder the system from effectively 634 

managing cholera outbreaks. The system analysis process used to identify these issues was 635 

designed to foster a contextualized understanding of the specific system and the barriers to 636 

behavior change. Systems thinking methods require a holistic diagnosis of the full range of 637 

varying components that impact a given system, which allows us to break away from linear 638 

solution models by diagnosing and then addressing the gaps and barriers identified within each 639 

underlying issue. These interactions are presented in a dynamic way within the system. The 640 

system is defined by these dynamic, multifaceted, and potentially asymmetric linkages and 641 

relationships [33]. This was done to achieve a sustainable model of evidence-based decision-642 

making, and strong and effective linkages between causes and effects are critical. In this 643 

analysis, we observe inadequate water, sanitation, and hygiene (WASH) infrastructure, weak 644 

surveillance systems, and poor coordination among stakeholders. In Uganda, inadequate 645 

WASH infrastructure is widely recognized as a systemic issue rooted in chronic 646 

underinvestment, governance gaps, and uneven service delivery across regions. Evidence from 647 

the Economic Policy Research Centre shows that underfunding remains severe: in FY2022/23, 648 

WASH services received UGX 2.7 trillion, far below the UGX 5 trillion required annually, and 649 

this gap is projected to widen to UGX 10 trillion by 2030, constraining life‑saving interventions 650 

and slowing progress toward national and SDG 6 targets [34, 35]. Beyond financing, systemic 651 

weaknesses have been identified, including inconsistent budget execution, limited integration 652 

of WASH services into local government systems, and infrastructure that is often climate 653 



vulnerable, particularly in districts such as Kasese and Kamwenge, among others where climate 654 

change is degrading water sources and damaging sanitation systems [36, 37]. These 655 

interconnected challenges reveal that inadequate WASH access in Uganda is not a result of 656 

isolated project failures but rather a structural problem involving financing, governance, 657 

climate resilience, and service management requiring comprehensive, coordinated, and 658 

long‑term system strengthening approaches. 659 

Coordination between community structures and health facilities is often inconsistent with the 660 

absence of standardized community surveillance indicators and the limited integration of 661 

WASH data into surveillance systems, hence hindering comprehensive risk assessment and 662 

timely preparedness for cholera outbreaks. Relatedly, facility-based surveillance in these 663 

districts is similarly constrained by systemic challenges. Health facilities frequently face 664 

shortages of diagnostic supplies, inadequate laboratory capacity for cholera confirmation, and 665 

gaps in documentation within the Health Management Information System (HMIS). These 666 

systemic challenges have been documented in some studies [38-41] 667 

Systematic reviews highlight that surveillance systems in African countries, including Uganda, 668 

often fail to integrate critical multisectoral and laboratory linkages, resulting in weaknesses in 669 

early detection, data sharing, and coordinated response [42, 43]. Moreover, outbreaks such as 670 

the May 2024 cholera incident at the Kasensero Landing site reveal gaps at frontline facilities: 671 

shortages of rapid diagnostic test kits, insufficiently trained staff, and poor record‑keeping 672 

undermine rapid case confirmation and timely response [44]. These weaknesses, combined 673 

with broader regional challenges such as inadequate financing, competing health priorities, and 674 

limited genomic surveillance capacity, impede Uganda’s ability to manage recurrent cholera 675 

threats. While initiatives such as Africa CDC’ surveillance strengthening programs and global 676 

roll‑out of RDT‑based cholera diagnostics offer opportunities for improvement, the systemic 677 



shortcomings in local surveillance infrastructure, laboratory capacity, and cross‑border 678 

coordination continue to pose substantial risks to timely cholera detection and control in 679 

Uganda [43]. 680 

Strengthening multisectoral coordination, data‑driven surveillance, and community 681 

engagement was identified as essential for building sustainable WASH services in Uganda and 682 

strengthening the health system to address cholera outbreaks. When viewed through a 683 

systems‑thinking lens, this recognizes the interdependence of institutions, information flows, 684 

and community behaviors. Recent efforts by the national WASH Steering Committee at the 685 

Ministry of Health, bringing together the Ministry of Health, Ministry of Water and 686 

Environment, Ministry of Education and Sports, and development partners demonstrate how 687 

high‑level coordination enhances policy direction, investment prioritization, and accountability 688 

for WASH service delivery. These coordinated actions have supported improvements such as 689 

the rollout of the WASH Management Information System (WASH‑MIS) and the electronic 690 

Community Health Information System (e‑CHIS), which strengthen data-based 691 

decision‑making and monitoring across sectors [37, 45]. Moreover, system assessments reveal 692 

persistent fragmentation of WASH data across ministries, difficulty in standardizing 693 

performance indicators, and weak linkages between local and national monitoring platforms, 694 

underscoring the need for a fully integrated surveillance system capable of routinely tracking 695 

service functionality, financing, and equity gaps. Strengthening community engagement 696 

remains equally critical: approaches such as Community‑Led Total Sanitation (CLTS) and 697 

area‑wide sanitation programming promote collective responsibility, reinforce local 698 

governance structures, and ensure that behavioral and cultural dimensions are embedded in 699 

system-wide WASH improvements. When these elements of multisectoral leadership, 700 

integrated surveillance systems, and empowered communities work in tandem, Uganda will be 701 



better positioned to establish resilient, inclusive, and sustainable WASH systems capable of 702 

withstanding demographic pressures, climate risks, and public health threats. 703 

A key limitation of the participatory group model development (GMD) approach guided by 704 

systems thinking is its reliance on a relatively small number of purposively selected 705 

stakeholders, which may limit the breadth of the perspectives captured. Although efforts were 706 

made to ensure multisectoral representation, certain voices, particularly community members 707 

affected by cholera outbreaks and lower-level health facility staff, were underrepresented, 708 

potentially affecting the completeness of the system representation. In addition, the workshop-709 

based nature of GMD means that findings are shaped by participants’ perceptions, experiences, 710 

and group dynamics at a single point in time, which may not fully reflect the evolving nature 711 

of cholera outbreaks and health system responses. The complexity of systems mapping also 712 

requires simplification of real-world relationships, which may lead to omission of important 713 

variables or feedback loops. Finally, while the approach is strong in generating contextualized 714 

and actionable insights, the identified intervention pathways require further empirical 715 

validation and quantitative testing before large-scale implementation. 716 

Despite these limitations, the GMD approach remains highly valuable for addressing complex 717 

public health challenges such as cholera. Its participatory nature promotes shared 718 

understanding among diverse stakeholders, enhances the ownership of findings, and facilitates 719 

collective learning about system dynamics. By integrating multiple perspectives within a 720 

structured systems thinking framework, the approach enables the identification of leverage 721 

points and intervention pathways that are both contextually relevant and practically actionable 722 

for strengthening health system resilience. 723 

 724 



Conclusion and recommendations 725 

This study demonstrates that cholera vulnerability in Uganda is driven by interconnected 726 

systemic weaknesses, particularly inadequate WASH infrastructure, weak surveillance 727 

systems, and limited coordination among stakeholders. The systems thinking approach 728 

revealed how these factors interact to create self-reinforcing cycles that sustain outbreaks, delay 729 

detection, and weaken response capacity. The participants identified nine intervention 730 

pathways, with strengthening multisectoral coordination and leadership, establishing data-731 

based surveillance systems, and enhancing community engagement for sustainable WASH 732 

services emerging as the most critical leverage points. These findings highlight that cholera 733 

control cannot rely solely on isolated interventions but requires integrated, system-wide 734 

strategies addressing infrastructure, governance, behavior, and data systems simultaneously. 735 

From a policy and programmatic perspective, governments and partners should prioritize 736 

strengthening multisectoral coordination mechanisms that align actors across health, water, 737 

sanitation, and environmental sectors to ensure coherent planning and efficient resource 738 

utilization. Investments in integrated and digital surveillance systems are essential for real-time 739 

data sharing, early outbreak detection, and evidence-based decision-making across districts and 740 

border regions. Expanding sustainable WASH infrastructure and promoting community 741 

ownership through behavior change initiatives and locally appropriate sanitation solutions will 742 

also be critical for reducing exposure to cholera transmission pathways. Additionally, targeted 743 

strategies such as cross-border vaccination and improved coordination at points of entry can 744 

help prevent the importation and spread of cholera in high-risk border districts. Finally, 745 

strengthening local technical capacity, diversifying financing mechanisms for WASH services, 746 

and institutionalizing community participation enhance long-term system resilience. 747 
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