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ABSTRACT 

This article develops an integrative, publication-ready research synthesis that connects three domains 

typically analyzed in isolation: security-sensitive international exchange, technology-enabled 

environmental monitoring in smart agriculture, and clinical surveillance of uropathogenic Escherichia coli 

(UPEC) virulence and antimicrobial resistance. Drawing strictly on the provided references, the study 

argues that contemporary performance outcomes—whether measured as trade participation under 

insecurity, soil-monitoring effectiveness under climate and resource constraints, or infection control under 

rising resistance—are shaped by a common structural driver: the resilience of digital ecosystems and the 

institutional–organizational capabilities that govern them. In international exchange, insecurity alters the 

pattern of trade by shifting risk, transaction costs, and partner selection, implying that economic 

performance cannot be separated from security conditions (Anderson & Marcouiller, 2002). For firms, 

especially SMEs, export-related outcomes are conditioned by human capital investments, where education 

and training strengthen the organizational capacity to comply, adapt, and sustain performance (Bekteshi, 

2019). In smart farming, IoT-based sensing systems and energy-efficient self-organizing networks enable 

remote soil and moisture monitoring, but their effectiveness depends on robust system design, 

connectivity, and data governance aligned with soil quality priorities (Vani & Rao, 2016; Na et al., 2016; 

Suma et al., 2017; Slalmi et al., 2021; Bünemann et al., 2018). In healthcare, UPEC virulence markers and 

resistance dynamics complicate empirical therapy, requiring surveillance-oriented approaches that link 

phenotypic traits, phylogeny, and antibiotic susceptibility to reduce treatment failure and resistance 
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propagation (Hughes et al., 1982; Piatti et al., 2008; Shah et al., 2019; Mittal et al., 2014; Biswas et al., 2006). 

Methodologically, the paper uses a structured narrative synthesis that aligns constructs across domains 

and develops a unifying capability framework grounded in digital infrastructure, institutional learning, and 

security-aware governance. Results are presented as descriptive, mechanism-based findings: insecurity 

amplifies volatility and reallocates exchange patterns; training increases SME performance by 

strengthening adaptive routines; smart agriculture systems deliver value when energy-efficient, 

interoperable, and aligned with soil quality indicators; and infection control improves when virulence 

markers are integrated with resistance surveillance to guide empiric choices. The discussion specifies 

boundary conditions, limitations, and research directions emphasizing digital university transformation as 

a capability pipeline for scalable resilience in trade, agriculture, and health systems (Bobro, 2024; Dey & 

Sahoo, 2025a; Dey & Sahoo, 2025b). 

KEYWORDS 

Digital resilience; insecurity and trade; smart agriculture IoT; soil quality monitoring; UPEC virulence; 

antimicrobial resistance; education and training. 

INTRODUCTION 

Economic and social systems increasingly depend 

on digital infrastructures that sense, 

communicate, classify, and coordinate activities 

at scale. Yet, scholarship and policy often treat 

these infrastructures as sector-specific—trade 

facilitation in one conversation, smart agriculture 

in another, and infection control in a third—while 

real-world resilience is cross-sectoral. Supply 

chains depend on agricultural outputs, health 

shocks disrupt labor and production, and 

insecurity reshapes investment, logistics, and 

information flows. The core problem addressed 

by this article is that performance in these 

domains is frequently analyzed with incomplete 

attention to the shared capability foundations 

that determine whether digital systems can 

remain trustworthy, adaptive, and effective under 

uncertainty. 

A foundational insight from international 

economics is that insecurity influences the 

pattern of trade. Rather than being a background 

condition, insecurity reshapes who trades, with 

whom, and under what terms, because it affects 

expected losses, enforcement credibility, and the 

implicit costs of cross-border transactions 

(Anderson & Marcouiller, 2002). This matters for 

development because trade participation and the 

structure of exchange are central to growth 

pathways; when insecurity rises, the composition 

of economic activity can tilt away from long-

horizon, relationship-intensive trade and toward 

more defensive or constrained patterns 

(Anderson & Marcouiller, 2002). In such contexts, 

firms and institutions must compensate by 

building organizational routines and 
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informational capabilities that reduce 

uncertainty and support reliable execution. 

In parallel, firm-level studies show that 

performance improvements—especially for 

SMEs—are strongly linked to education and 

training. Training raises export performance by 

strengthening competencies needed to handle 

procedural complexity, quality requirements, and 

adaptive responses to changing conditions 

(Bekteshi, 2019). While Bekteshi (2019) focuses 

on export outcomes, the underlying mechanism is 

broader: education and training increase the 

capacity to interpret signals, implement 

standards, and maintain consistency. These same 

capabilities are relevant for digital agriculture 

systems that require operators to interpret 

sensor data, maintain networks, and act on soil 

indicators, and for health surveillance systems 

that require disciplined interpretation of 

susceptibility patterns and virulence markers. 

Smart agriculture monitoring is a clear 

illustration of why digital ecosystems must be 

robust. IoT-based soil monitoring and remote 

sensing solutions aim to reduce uncertainty in 

farming decisions by collecting and transmitting 

soil moisture and related characteristics (Vani & 

Rao, 2016; Na et al., 2016; Suma et al., 2017). 

However, the impact of such systems is mediated 

by network architecture, energy efficiency, and 

self-organization—particularly in rural contexts 

where connectivity and power constraints are 

pervasive (Slalmi et al., 2021). The value 

proposition is not simply “more data,” but 

actionable data aligned with what soil science 

identifies as soil quality—an integrated concept 

encompassing physical, chemical, and biological 

attributes that determine soil functioning and 

sustainability (Bünemann et al., 2018). Therefore, 

technology design must be judged against soil 

quality priorities, not only engineering 

convenience. 

Healthcare surveillance provides a 

complementary case where data and capability 

determine outcomes under uncertainty. UPEC is a 

leading cause of urinary tract infections, and its 

pathogenicity is mediated by virulence factors 

and host–pathogen interactions, including 

hemolysin-associated mechanisms and serum 

resistance characteristics (Hughes et al., 1982; 

Stanley et al., 1998). Empirical therapy decisions 

are complicated by antimicrobial resistance, 

which varies across settings and can be high 

enough to challenge standard first-line choices 

(Biswas et al., 2006). Studies link virulence factor 

presence with phylogenetic backgrounds and 

fluoroquinolone resistance patterns, 

underscoring that effective control depends on 

integrative surveillance rather than isolated 

laboratory outcomes (Piatti et al., 2008; Shah et 

al., 2019). Multiple clinical and regional studies 

examine virulence factors and susceptibility 

patterns, reinforcing that resistance-aware 

treatment requires ongoing monitoring and 

disciplined interpretation (Mittal et al., 2014; 

Kaira & Pai, 2018; Kauser et al., 2009; Pavani et 

al., 2021; Priscilla et al., 2025; Raksha et al., 2003; 

Shruthi et al., 2012; Vagarali et al., 2008; Slavchev 

et al., 2008–2009). 

The literature on digital universities adds a 

missing capability layer: sector performance 
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depends on the institutions that produce skilled 

practitioners, engineers, managers, and analysts. 

The concept of a digital university highlights the 

transformation of higher education toward 

digitally enabled learning and governance 

structures that can support modern socio-

technical needs (Bobro, 2024). Education 5.0 

discussions further emphasize new pedagogical 

and design challenges in integrating advanced 

computing into learning, shaping workforce 

readiness for digital ecosystems (Dey & Sahoo, 

2025a; Dey & Sahoo, 2025b). While these 

education references focus on learning 

transformation, their relevance to trade, 

agriculture, and health lies in the capability 

pipeline: resilient digital systems require people 

and institutions that can design, manage, and 

ethically govern complex infrastructures (Bobro, 

2024; Dey & Sahoo, 2025a). 

This article therefore proposes a unifying 

research aim: to build an integrated framework 

explaining how digital ecosystem resilience—

supported by education-centered capability 

building—affects performance under insecurity 

and uncertainty across trade systems, smart 

agriculture monitoring, and infection 

surveillance. The paper’s contribution is not to 

force all domains into a single metric, but to show 

that shared mechanisms recur: uncertainty 

conditions behavior; data-driven infrastructures 

can reduce uncertainty only if they are 

trustworthy and maintained; and capability 

formation determines whether infrastructures 

translate into better decisions and sustained 

performance (Anderson & Marcouiller, 2002; 

Bekteshi, 2019; Slalmi et al., 2021; Shah et al., 

2019; Bobro, 2024). 

METHODOLOGY 

This study uses a structured narrative synthesis 

and mechanism-based integration approach 

grounded strictly in the provided references. The 

methodology is appropriate because the 

reference set spans distinct domains (trade and 

insecurity, SME training and performance, IoT 

agriculture and soil quality, and UPEC virulence 

and resistance) and therefore requires careful 

construct alignment and cross-domain 

mechanism mapping rather than statistical 

pooling. 

Construct alignment. The first step is to define 

performance and uncertainty within each domain 

in a way that allows comparison of mechanisms 

without collapsing domain specificity. In the trade 

domain, the focal construct is the pattern of trade 

under insecurity, where insecurity functions as a 

driver that alters incentives, transaction risks, 

and the distribution of exchange relationships 

(Anderson & Marcouiller, 2002). In the SME 

capability domain, performance is 

operationalized through improved outcomes 

attributable to education and training, 

emphasizing competence-building as a causal 

input (Bekteshi, 2019). In smart agriculture, 

performance is the effectiveness of remote 

monitoring and decision support for soil-related 

conditions via IoT systems and networks, 

constrained by energy and self-organization 

requirements (Vani & Rao, 2016; Na et al., 2016; 
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Suma et al., 2017; Slalmi et al., 2021). In soil 

science, performance is the capacity to assess and 

sustain soil quality, a multi-dimensional construct 

requiring critical evaluation of indicators and 

monitoring priorities (Bünemann et al., 2018). In 

healthcare, performance is the accuracy and 

effectiveness of infection management under 

resistance, using virulence markers and 

susceptibility patterns to guide empirical therapy 

and reduce failure (Biswas et al., 2006; Piatti et al., 

2008; Shah et al., 2019; Mittal et al., 2014). 

Mechanism mapping. The second step extracts 

mechanisms from each reference cluster and 

translates them into comparable causal 

statements. For trade, insecurity increases costs 

and alters trade patterns via risk and 

enforcement uncertainty (Anderson & 

Marcouiller, 2002). For SMEs, education and 

training enhance performance by building skills 

and routines required for external engagement 

and adaptive execution (Bekteshi, 2019). For 

smart agriculture, IoT monitoring systems reduce 

informational uncertainty about soil conditions 

by enabling remote sensing and transmission, 

while energy-efficient self-organizing networks 

address infrastructural constraints that 

otherwise limit deployment (Vani & Rao, 2016; 

Na et al., 2016; Slalmi et al., 2021). For soil quality, 

monitoring must reflect the complex nature of 

soil functioning rather than relying on narrow 

proxies, implying that digital monitoring needs 

scientifically grounded indicator selection 

(Bünemann et al., 2018). For healthcare, 

virulence factors and resistance profiles jointly 

shape disease severity and treatment outcomes, 

so surveillance must be integrative rather than 

single-variable (Hughes et al., 1982; Stanley et al., 

1998; Piatti et al., 2008; Shah et al., 2019). 

Integration logic. The third step develops an 

integrative framework that centers on “digital 

ecosystem resilience,” defined here as the 

capacity of a socio-technical system to maintain 

trustworthy sensing, communication, and 

decision support under uncertainty. This 

definition is grounded in the agriculture network 

literature’s emphasis on energy efficiency and 

self-organization (Slalmi et al., 2021), the trade 

literature’s emphasis on insecurity-driven risk 

and behavioral shifts (Anderson & Marcouiller, 

2002), and the healthcare literature’s emphasis 

on dynamic resistance and virulence requiring 

continuous monitoring (Shah et al., 2019; Biswas 

et al., 2006). Education-centered capability 

building is incorporated as the upstream 

mechanism enabling resilience, informed by the 

export training findings and the digital university 

concept (Bekteshi, 2019; Bobro, 2024), and 

supported by education transformation 

perspectives (Dey & Sahoo, 2025a; Dey & Sahoo, 

2025b). 

Evidence discipline and citation practice. The 

synthesis avoids importing external facts and 

uses only claims defensible from the provided 

references. Where cross-domain inferences are 

made, they are framed as mechanism-consistent 

interpretations grounded in the cited literature 

rather than as new empirical estimates. 

RESULTS 
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The results are presented as descriptive, 

integrated findings that emerge when 

mechanisms are aligned across domains. 

Insecurity functions as a structural amplifier of 

uncertainty that reshapes patterns of economic 

behavior and resource allocation. The trade 

literature indicates that insecurity affects the 

pattern of trade, implying that exchange is not 

merely a function of comparative costs but is 

sensitive to risk, enforceability, and the expected 

costs of insecurity (Anderson & Marcouiller, 

2002). When insecurity rises, actors are expected 

to alter partner choice, contract structure, and 

market participation because uncertainty 

changes the expected value of long-distance and 

relationship-intensive transactions (Anderson & 

Marcouiller, 2002). The integrated result is that 

insecurity should be treated as a system condition 

that forces digital ecosystems—whether in 

logistics, documentation, or supply chain 

coordination—to perform under stress. This does 

not automatically mean digitization solves 

insecurity; rather, it means that the value of 

trustworthy information and reliable 

coordination increases when insecurity is present 

(Anderson & Marcouiller, 2002). 

Education and training operate as capability 

multipliers that increase the practical 

effectiveness of complex systems, particularly for 

SMEs. Evidence shows education and training 

improve export performance of SMEs, indicating 

that human capital investments translate into 

better outcomes when tasks involve procedural 

complexity, adaptation, and consistent execution 

(Bekteshi, 2019). The integrated result 

generalizes the mechanism: as systems become 

more data-driven and networked, performance 

hinges on the ability to interpret data, maintain 

operational routines, and implement standards. 

In export contexts, this affects compliance and 

relationship management; in agriculture, it 

affects sensor interpretation and response; and in 

healthcare, it affects proper interpretation of 

susceptibility data and appropriate empirical 

choices under resistance pressures (Bekteshi, 

2019; Biswas et al., 2006). 

Smart agriculture monitoring systems reduce 

informational uncertainty but are constrained by 

network design, energy efficiency, and alignment 

with soil quality indicators. IoT-based soil 

moisture monitoring and remote soil 

characteristic monitoring demonstrate a pathway 

for continuous or periodic sensing and remote 

decision support (Vani & Rao, 2016; Na et al., 

2016). Smart agriculture monitoring systems 

further illustrate integration of sensors, 

communication, and data services into an 

operational monitoring architecture (Suma et al., 

2017). However, the agriculture network 

literature emphasizes energy-efficient, self-

organizing IoT networks for soil monitoring, 

highlighting that rural deployments must 

overcome energy and coordination challenges, 

and that network resilience is a design 

prerequisite (Slalmi et al., 2021). The soil quality 

review reinforces that monitoring must be 

grounded in a critical understanding of soil 

quality, implying that sensor selection and 

indicator interpretation should reflect the 

complexity of soil functioning rather than single-
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variable oversimplifications (Bünemann et al., 

2018). The integrated result is that effective 

smart farming is not merely about deploying IoT 

devices but about building resilient networks and 

scientifically coherent indicator regimes (Slalmi 

et al., 2021; Bünemann et al., 2018). 

Infection surveillance requires integration of 

virulence markers and resistance profiles to 

guide empirical therapy in high-resistance 

contexts. Studies demonstrate that UPEC 

virulence factors—such as hemolysin-related 

mechanisms and serum resistance—are linked to 

pathogenic potential, and that these traits 

interact with strain types and resistance 

determinants (Hughes et al., 1982; Stanley et al., 

1998). Evidence on virulence factors and 

susceptibility patterns across clinical settings 

shows variability and underscores the need for 

structured surveillance (Mittal et al., 2014; Kaira 

& Pai, 2018; Kauser et al., 2009; Pavani et al., 

2021; Priscilla et al., 2025). Phylogenetic 

background and quinolone/fluoroquinolone 

resistance are associated with virulence patterns, 

implying that effective monitoring must consider 

both resistance and virulence structure (Piatti et 

al., 2008). Correlation between virulence factors 

and antimicrobial resistance reinforces that 

surveillance should be integrative and context-

specific rather than assuming uniform pathogen 

behavior (Shah et al., 2019). The empirical 

therapy challenge in high-resistance settings 

further indicates that decision-making under 

uncertainty must be guided by local data, not 

generic expectations (Biswas et al., 2006). The 

integrated result is that healthcare resilience 

depends on data quality, continuous monitoring, 

and disciplined interpretation—capabilities 

structurally similar to those required for resilient 

trade and smart agriculture decision-making 

(Biswas et al., 2006; Shah et al., 2019). 

Digital universities and education transformation 

provide an upstream capability pipeline for 

resilient digital ecosystems. The concept of a 

digital university suggests that higher education 

institutions are evolving toward digitally enabled 

models, which can shape how societies build 

competencies needed for modern infrastructures 

(Bobro, 2024). Education 5.0 integration 

discussions emphasize design challenges and 

future prospects of advanced computational 

integration into teaching and learning, 

reinforcing that capability formation is an active, 

system-level process rather than passive 

credentialing (Dey & Sahoo, 2025a; Dey & Sahoo, 

2025b). The integrated result is that workforce 

readiness—whether for export operations, IoT 

network maintenance, or infection surveillance—

depends on the education system’s capacity to 

produce digitally fluent practitioners who can 

operate under uncertainty and maintain trust in 

data-driven processes (Bekteshi, 2019; Bobro, 

2024). 

DISCUSSION 

The integrated findings support a central 

interpretation: across trade, agriculture, and 

healthcare, performance under uncertainty 

depends on resilient digital ecosystems and the 

institutional capabilities that sustain them. This 
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section elaborates theoretical implications, 

counter-arguments, boundary conditions, 

limitations, and future research scope. 

Why “resilience” is the shared concept across 

domains. Insecurity affects trade patterns 

because it changes expected risks and the 

enforceability environment, which reshapes how 

agents allocate resources and choose partners 

(Anderson & Marcouiller, 2002). This is 

fundamentally a resilience problem: systems 

must continue to coordinate reliably despite 

shocks, risks, or disruptions. Smart agriculture 

monitoring faces a parallel resilience constraint. 

Soil monitoring networks in rural contexts must 

be energy-efficient and self-organizing to avoid 

fragile dependencies on centralized coordination 

or constant power availability, which can be 

unrealistic at scale (Slalmi et al., 2021). 

Healthcare surveillance likewise must remain 

reliable despite evolving resistance and 

heterogeneous virulence profiles; otherwise, 

empirical therapy becomes error-prone and can 

contribute to poor outcomes and resistance 

amplification (Biswas et al., 2006; Shah et al., 

2019). Across all three, resilience is not a vague 

aspiration but a structural requirement: the 

system’s decision-making must remain credible 

and adaptive even when conditions are volatile. 

A counter-argument is that sector-specific 

optimization is sufficient: trade can be improved 

through economic policy, agriculture through 

better sensors, and healthcare through better 

antibiotics. The references complicate this 

separation. In trade, insecurity is not simply a 

“policy variable” but a condition that changes 

incentives and patterns in ways that must be 

managed structurally (Anderson & Marcouiller, 

2002). In agriculture, better sensors alone are 

insufficient if networks are not energy-efficient or 

self-organizing (Slalmi et al., 2021). In healthcare, 

better antibiotics are insufficient if resistance is 

high and surveillance is weak, because empirical 

choices must be guided by local patterns and 

integrated virulence-resistance understanding 

(Biswas et al., 2006; Piatti et al., 2008). Therefore, 

resilience must be treated as a cross-cutting 

governance and capability problem. 

Human capital as the conversion mechanism from 

infrastructure to outcomes. Education and 

training improve SME export performance, 

showing that people and routines determine 

whether opportunities become outcomes 

(Bekteshi, 2019). This mechanism provides a 

powerful interpretation for technology-intensive 

domains. IoT soil monitoring systems generate 

data, but interpreting and acting on that data 

requires skill, discipline, and an understanding of 

soil quality as a complex construct (Bünemann et 

al., 2018; Vani & Rao, 2016). Similarly, 

susceptibility testing and virulence factor 

identification only improve care if clinicians and 

laboratories integrate findings into coherent 

decision routines that reflect local resistance 

constraints (Biswas et al., 2006; Shah et al., 2019). 

The implication is that digital ecosystems require 

not only hardware and software but also 

“institutionalized competence,” which grows 

through education systems and organizational 

training processes (Bekteshi, 2019; Bobro, 2024). 
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A nuanced counter-argument is that training 

benefits are context-specific and may not scale 

across tasks. The synthesis addresses this by 

focusing on the shared structure of tasks across 

domains: each domain requires interpretation 

under uncertainty, compliance with evolving 

standards, and disciplined maintenance of 

routines. The export domain needs procedural 

competence and adaptive market engagement 

(Bekteshi, 2019). Smart farming needs 

competence in sensor operation and network 

maintenance under energy constraints (Slalmi et 

al., 2021). Healthcare needs competence in 

integrating phenotypic, phylogenetic, and 

resistance information into empiric therapy 

decisions (Piatti et al., 2008; Biswas et al., 2006). 

The scalability claim is therefore not that the 

same training content applies, but that the same 

training logic—building disciplined interpretive 

routines—applies (Bekteshi, 2019). 

Soil quality as a governance anchor for smart 

agriculture monitoring. The soil quality review 

emphasizes that soil quality is multi-dimensional 

and requires critical evaluation, warning against 

simplistic approaches that ignore biological and 

functional complexity (Bünemann et al., 2018). 

This has a direct implication for IoT-based 

monitoring. It is tempting to deploy a limited set 

of sensors (for example, moisture alone) and 

claim comprehensive monitoring, but such a 

move risks creating false confidence if indicators 

are not aligned with soil function and 

sustainability priorities (Bünemann et al., 2018; 

Vani & Rao, 2016). Therefore, digital agriculture 

should be governed by scientifically grounded 

indicator frameworks, and technology should be 

evaluated by its ability to support those 

frameworks in practice, including network 

reliability and energy efficiency (Slalmi et al., 

2021). 

Infection surveillance as an information system 

under biological variability. UPEC virulence and 

resistance patterns illustrate how biological 

systems generate uncertainty that must be 

managed through information integration. Serum 

resistance and hemolysin carriage relate to 

pathogenic behavior and host interaction, 

indicating that virulence is not uniform across 

strains (Hughes et al., 1982; Stanley et al., 1998). 

Studies examining virulence markers (including 

hemagglutination and siderophore production) 

emphasize the relevance of phenotypic traits for 

urovirulence assessment (Vagarali et al., 2008). 

Phylogenetic background and fluoroquinolone 

resistance patterns show that resistance is 

embedded in broader strain characteristics, 

meaning empiric therapy cannot assume stable 

effectiveness across settings (Piatti et al., 2008). 

High antimicrobial resistance settings complicate 

empirical therapy choices and demand context-

specific data (Biswas et al., 2006). The integrated 

implication is that healthcare resilience is an 

information governance problem: the system 

must continuously update its understanding of 

pathogen behavior and resistance constraints, 

and translate that into disciplined prescribing 

routines (Shah et al., 2019; Biswas et al., 2006). 

Digital university transformation as a systemic 

solution pathway. The concept of a digital 

university positions higher education as a key 
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institution for building society-wide digital 

competence (Bobro, 2024). Education 

transformation perspectives emphasize 

challenges in integrating advanced computing 

into teaching and learning, which can be 

interpreted as a capability-building agenda: 

developing graduates and practitioners who can 

manage complex systems and their uncertainties 

(Dey & Sahoo, 2025a; Dey & Sahoo, 2025b). The 

integrated argument is that digital resilience in 

trade, agriculture, and healthcare cannot be 

achieved only by deploying tools; it requires a 

pipeline of trained professionals and 

institutionalized learning structures that 

maintain the systems. SMEs benefit from training 

in export performance (Bekteshi, 2019); 

similarly, agriculture and health systems benefit 

when institutions can produce and upskill 

personnel to manage sensors, networks, and 

surveillance data with discipline and reliability 

(Bobro, 2024). 

Boundary conditions and limitations. A key 

boundary condition is infrastructural constraint. 

Energy-efficient self-organizing networks are 

emphasized precisely because conventional 

network assumptions may not hold in smart 

farming deployments (Slalmi et al., 2021). 

Another boundary condition is biological 

variability and local resistance ecology. The 

empirical therapy challenges in high-resistance 

settings imply that generalizations across 

contexts can mislead if local surveillance is not 

used (Biswas et al., 2006). Similarly, insecurity 

conditions in trade can vary widely; the pattern-

of-trade effect is therefore context-sensitive and 

may manifest differently depending on the nature 

of insecurity and the enforcement environment 

(Anderson & Marcouiller, 2002). 

The study is limited by its synthesis design: it 

does not introduce new datasets or estimate 

effect sizes. Instead, it offers a mechanism-based 

integration that is faithful to the evidence and 

suitable for developing coherent research 

agendas grounded in the provided sources. 

Future scope grounded in the reference set. 

Future research can build directly on these 

sources by: 

1. Developing sector-specific capability 

curricula and measuring performance 

improvements, extending the training–

performance logic from SMEs to digital 

agriculture operators and health surveillance 

teams (Bekteshi, 2019; Bobro, 2024). 

2. Evaluating how energy-efficient self-

organizing network designs affect the reliability 

and usability of soil monitoring data over time, 

linking network performance to soil quality 

decision frameworks (Slalmi et al., 2021; 

Bünemann et al., 2018). 

3. Building integrated surveillance models 

that explicitly relate UPEC virulence markers to 

antimicrobial resistance patterns across clinical 

settings to improve empiric decision routines 

(Piatti et al., 2008; Shah et al., 2019; Mittal et al., 

2014). 

4. Examining how insecurity-driven trade 

pattern shifts affect the adoption and 
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maintenance of digital infrastructures across 

supply chains, considering the risk-sensitive 

nature of cross-border coordination (Anderson & 

Marcouiller, 2002). 

CONCLUSION 

This article advanced a unified, evidence-

grounded explanation of performance under 

uncertainty across three domains—security-

sensitive trade, smart agriculture soil monitoring, 

and UPEC infection surveillance—by 

emphasizing resilient digital ecosystems and 

education-centered capability building. 

Insecurity reshapes the pattern of trade by 

altering risk, incentives, and transaction 

conditions, indicating that economic outcomes 

depend on the system’s capacity to coordinate 

under stress (Anderson & Marcouiller, 2002). 

Education and training improve SME 

performance by strengthening the competencies 

and routines required for complex external 

engagement, providing a transferable mechanism 

for understanding why digital systems often 

succeed or fail in practice (Bekteshi, 2019). Smart 

agriculture monitoring systems demonstrate how 

IoT architectures can reduce informational 

uncertainty in farming decisions, but their 

effectiveness depends on energy-efficient self-

organizing networks and scientifically coherent 

alignment with soil quality indicators (Vani & 

Rao, 2016; Na et al., 2016; Suma et al., 2017; 

Slalmi et al., 2021; Bünemann et al., 2018). 

Infection surveillance research shows that UPEC 

virulence factors and antimicrobial resistance 

patterns interact in ways that complicate 

empirical therapy, demanding integrative, 

context-sensitive monitoring and disciplined 

decision routines (Biswas et al., 2006; Piatti et al., 

2008; Shah et al., 2019). 

Across these domains, a consistent implication 

emerges: resilience is not achieved through 

technology deployment alone. It requires 

governance, training, and institutional 

transformation capable of sustaining trustworthy 

information flows and adaptive routines. The 

digital university concept and education 

transformation perspectives suggest that higher 

education is an upstream lever for building the 

workforce capacity needed to operate modern 

digital ecosystems reliably (Bobro, 2024; Dey & 

Sahoo, 2025a; Dey & Sahoo, 2025b). By 

integrating these literatures, the article provides 

a coherent framework for researchers and 

practitioners seeking to design interventions that 

strengthen performance under uncertainty—

recognizing that trade stability, agricultural 

sustainability, and health security are 

increasingly interconnected through shared 

digital and institutional foundations. 

REFERENCES 

1. Anderson, J. E., & Marcouiller, D. (2002). 

Insecurity and the pattern of trade: An 

empirical investigation. Review of Economics 

and Statistics, 84(2), 342–350. 

2. Bekteshi, S. A. (2019). The impact of education 

and training on export performance of SMEs. 

Research in Business & Social Science, 8(6), 

272–277. 



Volume 06 Issue 03-2026 12 

                 

 
 

   
  
 
 

International Journal of Advance Scientific Research  
(ISSN – 2750-1396) 
VOLUME 06 ISSUE 03   Pages: 01-15 

OCLC – 1368736135    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Biswas, D., Gupta, P., Prasad, R., Singh, V., Arya, 

M., & Kumar, A. (2006). Choice of antibiotics 

for empirical therapy of acute cystitis in a 

setting of high antimicrobial resistance. 

Indian Journal of Medical Sciences, 60(2), 53–

58. 

4. Bobro, N. (2024). The concept of a digital 

university. Scientific Innovations and 

Advanced Technologies, 9(37), 804–811. 

https://doi.org/10.52058/2786-5274-2024-

9(37)-804-811 

5. Buckley, P. J., Clegg, L. J., Voss, H., Cross, A. R., 

Liu, X., & Zheng, P. (2018). A retrospective and 

agenda for future research on Chinese 

outward foreign direct investment. Journal of 

International Business Studies, 49(1), 4–23. 

6. Bünemann, E. K., Bongiorno, G., Bai, Z., 

Creamer, R. E., De D. G., De G. R., et al. (2018). 

Soil quality–a critical review. Soil Biology and 

Biochemistry, 120, 105–125. 

7. Dey, S. (2014). Performance analysis of LEO 

satellite (Sky Bridge) for mobile terminal with 

varying implementation margin. International 

Journal of Latest Trends in Engineering & 

Technology (IJLTET), 4(2), 191–196. 

8. Dey, S. (2021). Various antenna design 

schemes in recent MIMO wireless system. 

International Journal of Future Generation 

Communication and Networking, 14(1), 

1570–1585. 

9. Dey, S. (2023). Play Store app analysis & rating 

prediction using classical ML models & 

artificial neural network. In 7th International 

Conference on Computing, Communication, 

Control and Automation (ICCUBEA) (pp. 1–5), 

Pune, India. 

https://doi.org/10.1109/ICCUBEA58933.20

23.10391960 

10. Dey, S. (2024). Phenomenon of excess of 

artificial intelligence: Quantifying the native 

AI, its leverages in 5G/6G and beyond. In S. 

Mehta & R. Kumar (Eds.), Radar and RF Front 

End System Designs for Wireless Systems (pp. 

245–274). IGI Global Scientific Publishing. 

https://doi.org/10.4018/979-8-3693-0916-

2.ch010 

11. Dey, S. (2025). From ingestible to edible: 

Quantifying and analyzing edible electronics’ 

role in environment monitoring and future 

advancement. In S. Mehta & F. Al-Turjman 

(Eds.), Edible Electronics for Smart 

Technology Solutions (pp. 197–216). IGI 

Global Scientific Publishing. 

https://doi.org/10.4018/979-8-3693-5573-

2.ch008 

12. Dey, S. (2025). Phenomenon of AI-driven 

traffic flow prediction: Conceptualization, 

utilization, and research perspective. In P. 

Bhambri & J. Anand (Eds.), Neural Networks 

and Graph Models for Traffic and Energy 

Systems (pp. 293–316). IGI Global Scientific 

Publishing. https://doi.org/10.4018/979-8-

3373-0290-4.ch011 

13. Dey, S., & Himanshu, K. (2025). Edible 

electronics’ role in healthcare: Application, 

challenges, and future research. In S. Mehta & 

F. Al-Turjman (Eds.), Edible Electronics for 

Smart Technology Solutions (pp. 217–236). 

IGI Global Scientific Publishing. 

https://doi.org/10.4018/979-8-3693-5573-

2.ch009 



Volume 06 Issue 03-2026 13 

                 

 
 

   
  
 
 

International Journal of Advance Scientific Research  
(ISSN – 2750-1396) 
VOLUME 06 ISSUE 03   Pages: 01-15 

OCLC – 1368736135    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

14. Dey, S., & Sahoo, B. B. (2014). Link budget of 

LEO satellite (Sky Bridge) for communication 

operated at Ku band frequency range (12–14) 

GHz. International Journal of Innovations in 

Engineering and Technology (IJIET), 4(1). 

15. Dey, S., & Sahoo, B. B. (2024). Machine 

learning and AI based human resource 

management in KGI: An algorithm based 

crossover. JEMIT, 2(2), 69–76. 

https://doi.org/10.61552/jemit.2024.02.003 

16. Dey, S., & Sahoo, B. B. (2025a). AI integration 

in Education 5.0: Design, challenges, and 

future prospects. In F. Mobo (Ed.), Impacts of 

AI on Students and Teachers in Education 5.0 

(pp. 77–92). IGI Global Scientific Publishing. 

https://doi.org/10.4018/979-8-3693-8191-

5.ch003 

17. Dey, S., & Sahoo, B. B. (2025b). Artificial 

intelligence-integrated educational 

revolution (AIIER): Current trends, key 

algorithms, and future research path. In E. 

Babulak (Ed.), Educational AI Humanoid 

Computing Devices for Cyber Nomads (pp. 

99–116). IGI Global Scientific Publishing. 

https://doi.org/10.4018/979-8-3693-8985-

0.ch005 

18. Dey, S., Mohapatra, D., Archana, S., D. R. P. 

(2014). An approach to calculate the 

performance and link budget of LEO satellite 

(Iridium) for communication operated at 

frequency range (1650–1550) MHz. 

International Journal of Latest Trends in 

Engineering & Technology (IJLTET), 4(4), 96–

103. 

19. Dey, S., Moharana, B., De, U. C., Samant, T., 

Behera, T. M., & Banerjee, S. (2024). Search 

engine for QnA using distributed inverted 

index system. In 3rd International Conference 

for Innovation in Technology (INOCON) (pp. 

1–4), Bangalore, India. 

https://doi.org/10.1109/INOCON60754.202

4.10511792 

20. Dey, S., Panda, A. K., & Pati, C. (2023). 

Unlocking the potential of machine learning 

and deep learning algorithms in recent 

communication: AI is the best revolutionary 

tool in the current era. CPPPT, 23(2), 2794–

2805. 

21. Hughes, C., Phillips, R., & Roberts, A. P. (1982). 

Serum resistance among Escherichia coli 

strains causing urinary tract infection in 

relation to O type and carriage of hemolysin, 

colicin, and antibiotic resistance 

determinants. Infection and Immunity, 35, 

270–275. 

22. Kaira, S. S., & Pai, C. (2018). Study of 

uropathogenic Escherichia coli with special 

reference to its virulence factors. 

International Journal of Community Medicine 

and Public Health, 5, 177–181. 

23. Kauser, Y., Chunchanur, S. K., Nadagir, S. D., 

Halesh, L. H., & Chandrashekhar, M. R. (2009). 

Virulence factors, serotypes and antimicrobial 

susceptibility pattern of Escherichia coli in 

urinary tract infections. Al Ameen Journal of 

Medical Sciences, 2, 47–51. 

24. Mittal, S., Sharma, M., & Chaudhary, U. (2014). 

Study of virulence factors of uropathogenic 

Escherichia coli and its antibiotic 

susceptibility pattern. Indian Journal of 

Pathology and Microbiology, 57, 61–64. 



Volume 06 Issue 03-2026 14 

                 

 
 

   
  
 
 

International Journal of Advance Scientific Research  
(ISSN – 2750-1396) 
VOLUME 06 ISSUE 03   Pages: 01-15 

OCLC – 1368736135    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

25. Na, A., Isaac, W., Varshney, S., & Khan, E. 

(2016). An IoT based system for remote 

monitoring of soil characteristics. In 

International Conference on Information 

Technology (InCITe): The Next Generation IT 

Summit on the Theme—Internet of Things: 

Connect Your Worlds (pp. 316–320). IEEE. 

26. Pavani, K., Ramalakshmi, K., 

Kanakadurgamba, T., et al. (2021). Study of 

virulence factors and antimicrobial 

susceptibility pattern of uropathogenic 

Escherichia coli in a tertiary care hospital. 

International Journal of Research and Review, 

8(2), 591–596. 

27. Piatti, G., Mannini, A., Balistreri, M., & Schito, A. 

M. (2008). Virulence factors in urinary 

Escherichia coli strains: phylogenetic 

background and quinolone and 

fluoroquinolone resistance. Journal of Clinical 

Microbiology, 46, 480–487. 

28. Priscilla, P., Tiwari, A., & Kumari, P. (2025). 

Study of virulence factors of uropathogenic 

Escherichia coli and its antibiotic 

susceptibility pattern. International Journal of 

Health Sciences, 9(S1), 636–642. 

https://doi.org/10.53730/ijhs.v9nS1.15820 

29. Raksha, R., Srinivasa, H., & Macaden, R. S. 

(2003). Occurrence and characterisation of 

uropathogenic Escherichia coli in urinary 

tract infections. Indian Journal of Medical 

Microbiology, 21, 102–107. 

30. Shah, C., Baral, R., Bartaula, B., & Shrestha, L. B. 

(2019). Virulence factors of uropathogenic 

Escherichia coli and correlation with 

antimicrobial resistance. BMC Microbiology, 

19(1), 204. https://doi.org/10.1186/s12866-

019-1587-3 

31. Shruthi, N., Kumar, R., & Kumar, R. (2012). 

Phenotypic study of virulence factors in 

Escherichia coli isolated from antenatal cases, 

catheterized patients, and faecal flora. Journal 

of Clinical and Diagnostic Research, 6, 1699–

1703. 

32. Slalmi, A., Chaibi, H., Saadane, R., Chehri, A., 

Jeon, G., & Aroussi, H. K. (2021). Energy-

efficient and self-organizing internet of things 

networks for soil monitoring in smart 

farming. Computers & Electrical Engineering. 

33. Slavchev, G., Pisareva, E., & Markova, N. 

(2008–2009). Virulence of uropathogenic 

Escherichia coli. Journal of Culture 

Collections, 6(2), 3–9. 

34. Stanley, P., Koronakis, V., & Hughes, C. (1998). 

Acylation of Escherichia coli hemolysin: A 

unique protein lipidation mechanism 

underlying toxin function. Microbiology and 

Molecular Biology Reviews, 62, 309–333. 

35. Steadman, R., & Topley, N. (1998). The 

virulence of Escherichia coli in urinary tract 

infections. In Urinary Tract Infections. 

London: Chapman & Hall. 

36. Suma, N., Samson, S. R., Saranya, S., 

Shanmugapriya, G., & Subhashri, R. (2017). 

IoT based smart agriculture monitoring 

system. International Journal on Recent and 

Innovation Trends in Computing and 

Communication, 5(2), 177–181. 

37. Vagarali, M. A., Karadesai, S. G., Patil, C. S., 

Metgud, S. C., & Mutnal, M. B. (2008). 

Haemagglutination and siderophore 

production as urovirulence markers of 



Volume 06 Issue 03-2026 15 

                 

 
 

   
  
 
 

International Journal of Advance Scientific Research  
(ISSN – 2750-1396) 
VOLUME 06 ISSUE 03   Pages: 01-15 

OCLC – 1368736135    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

uropathogenic Escherichia coli. Indian Journal 

of Medical Microbiology, 26(1), 68–70. 

38. Vani, P. D., & Rao, K. R. (2016). Measurement 

and monitoring of soil moisture using cloud 

IoT and android system. Indian Journal of 

Science and Technology, 9(31), 1–8. 


