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Abstract
This comparative review provides a comprehensive synthesis of the epidemiology, virulence mechanisms, transmission dynamics, and public-health implications of two major Shiga toxin–producing Escherichia coli (STEC) serotypes: the classical O157:H7 and the emerging hybrid O104:H4. While O157:H7 remains the most studied STEC globally, the emergence of O104:H4 revealed an unusual hybrid pathotype with enteroaggregative features that heavily complicate disease progression and outbreak management. By emphasizing available literature with a specific focus on Nigeria and sub-Saharan Africa, this paper highlights critical knowledge gaps in genomic surveillance, diagnostic laboratory capacity, and outbreak response frameworks. Effective strategies to mitigate future STEC threats demand improved diagnostic infrastructure, integration of real-time genomic monitoring into national antimicrobial resistance (AMR) strategies, and enhanced food-safety systems.
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1. Introduction
Diarrheagenic Escherichia coli (DEC) remains one of the leading causes of gastroenteritis worldwide, imposing a substantial burden on public health systems, particularly in resource-limited settings [7, 8]. Among the six well-characterised pathotypes of DEC, Shiga toxin-producing E. coli (STEC) occupies a unique niche of clinical importance owing to its capacity to elaborate potent cytotoxins with life-threatening sequelae [9]. Globally, STEC serotypes cause an estimated 2.8 million acute illnesses, 3,890 cases of hemolytic uremic syndrome (HUS), and more than 200 deaths annually [10]. In children under five years of age in low- and middle-income countries (LMICs), enteropathogenic and Shiga toxin-producing E. coli collectively contribute to approximately 11% of diarrhoea-associated deaths, a burden that is likely underestimated given the limited diagnostic capability in these regions [11].
Escherichia coli O157:H7 was first recognised as a human pathogen in 1982 following twin outbreaks of haemorrhagic colitis in the United States linked to undercooked ground beef [12]. Since then, it has remained the predominant STEC serotype in industrialised nations and the principal focus of global food-safety regulatory frameworks. In contrast, E. coli O104:H4 emerged to global prominence in 2011 through a catastrophic outbreak centred in Germany that caused 3,816 infections, 845 cases of HUS, and 54 deaths—a HUS attack rate of approximately 22%, far exceeding the 5–10% typically observed with O157:H7 [2, 13]. Whole-genome sequencing (WGS) rapidly characterised O104:H4 as an unusual hybrid carrying both enteroaggregative E. coli (EAEC) adherence machinery and the Shiga toxin 2a (Stx2a)-encoding bacteriophage, alongside Extended-Spectrum Beta-Lactamase (ESBL) genes of the CTX-M-15 type, rendering standard antibiotic regimens hazardous or ineffective [3, 14].
Nigeria, with a population exceeding 220 million, extensive informal food distribution networks, substantial livestock–human interface, and limited microbial surveillance infrastructure, faces a disproportionate risk from undetected STEC circulation [15]. Published prevalence data from Nigeria are fragmented, with reported O157:H7 isolation rates ranging from 1.4% to 8.6% across different population groups and clinical sample types [16, 17]. National-level STEC surveillance mechanisms are largely absent, and the absence of routine genomic characterisation compounds this diagnostic void. Furthermore, the genomic evidence that EAEC ancestral lineages of O104:H4 may trace phylogenetic origins to Africa heightens concern about unmonitored reservoir dynamics on the continent [4, 8].
Sub-Saharan Africa more broadly presents a convergence of risk factors for STEC amplification and spread: inadequate water, sanitation, and hygiene (WASH) infrastructure; dense urban informal settlements; high rates of HIV-associated immune suppression; and under-resourced laboratory networks [18, 19]. Studies from South Africa, Kenya, Ethiopia, and Ghana have documented STEC carriage in both clinical and food-chain samples, yet standardised regional surveillance harmonisation remains elusive [20, 21, 22].
Recent methodological advances—particularly 16S rRNA phylogenetic analysis, multi-locus sequence typing (MLST), and whole-genome sequencing—have transformed the capacity for real-time pathogen differentiation and outbreak source tracking [23, 24]. Elemuwa et al. (2022) demonstrated the utility of 16S rRNA phylogeny in differentiating E. coli O157:H7 from phenotypically similar Shigella species, highlighting the continuing need for molecular tools in African laboratory settings [25]. Complementarily, Elemuwa et al. (2025) provided genomic and phylogenetic analysis of O157:H7 supporting improved surveillance and public health response frameworks adapted for resource-limited contexts [5].
This review therefore aims to: (i) conduct a rigorous comparative analysis of the virulence architecture, epidemiology, and transmission biology of E. coli O104:H4 and O157:H7; (ii) critically appraise diagnostic and surveillance gaps in Nigeria and Sub-Saharan Africa; (iii) evaluate emerging molecular tools for pathogen identification and outbreak investigation; and (iv) formulate evidence-based, context-appropriate recommendations to fortify STEC preparedness and control across the region.

2. Methods
This narrative comparative review was conducted using a structured and reproducible literature search strategy designed to identify peer-reviewed publications, grey literature, outbreak investigation reports, and policy documents relevant to the comparative analysis of E. coli O104:H4 and O157:H7. Electronic databases including PubMed/MEDLINE, Scopus, Web of Science, and Google Scholar were systematically searched between January and March 2026. Supplementary sources included the World Health Organization (WHO) Global Foodborne Infections Network, the Centers for Disease Control and Prevention (CDC) FoodNet database, the European Centre for Disease Prevention and Control (ECDC) STEC data repository, and the African CDC Integrated Disease Surveillance and Response (IDSR) reports.
The search strategy employed Medical Subject Headings (MeSH) and free-text keywords including: "E. coli O157:H7," "E. coli O104:H4," "STEC," "Shiga toxin-producing Escherichia coli," "EAEC hybrid," "haemolytic uremic syndrome," "Nigeria," "Sub-Saharan Africa," "genomic surveillance," "antimicrobial resistance," "whole-genome sequencing," "16S rRNA phylogeny," "food safety," and "One Health." Boolean operators (AND, OR, NOT) and proximity searching were applied to maximise sensitivity while maintaining specificity.
Eligibility criteria for inclusion were: (a) peer-reviewed primary studies, systematic reviews, meta-analyses, or authoritative grey literature reports; (b) published in English between 1990 and 2026; (c) pertaining to the epidemiology, virulence biology, diagnostic approaches, clinical outcomes, or public health implications of STEC O157:H7 or O104:H4; and (d) reporting data from human, animal, food, or environmental samples. Studies were excluded if they were: duplicates, conference abstracts without associated full-text publications, or focused exclusively on non-STEC E. coli pathotypes without comparative data. Particular attention was given to research addressing genomic differentiation techniques and studies originating from, or explicitly discussing, Africa.
Data were extracted independently and synthesised narratively, organised thematically under the headings of epidemiology, virulence factors, clinical presentation, transmission dynamics, molecular diagnostics, and public health implications. Citation management was performed using Zotero, and quality assessment of included studies was conducted using appropriate tools (Newcastle-Ottawa Scale for observational studies; AMSTAR-2 for systematic reviews).

3. Literature Review
3.1 Epidemiology
3.1.1 Global Burden and Historical Context of E. coli O157:H7
Escherichia coli O157:H7 remains the most frequently identified and extensively studied STEC serotype worldwide [1, 9]. Following its first characterisation as a human pathogen in 1982 by Riley et al., its epidemiology has been meticulously mapped across North America, Europe, Japan, and, to a lesser extent, Africa and Asia [12, 26]. In the United States, the CDC estimates approximately 63,000 annual O157:H7 infections, resulting in 2,100 hospitalisations and 20 deaths, though molecular surveillance has progressively shifted interest toward non-O157 STEC serotypes that collectively account for a comparable or greater proportion of HUS cases [27, 28].
Cattle serve as the primary asymptomatic reservoir, with human infections typically resulting from consumption of undercooked ground beef, unpasteurised dairy products, contaminated water, and direct animal contact [29]. Seasonal peaks in summer and early autumn correlate with increased environmental shedding by cattle and elevated food-service activity [30]. Environmental persistence of O157:H7 in water, manure, and soil has been documented for periods exceeding 14 weeks, amplifying the transmission risk in contexts where treated water supply is intermittent or absent [31].
In Sub-Saharan Africa, O157:H7 epidemiology is characterised by significant data heterogeneity. A systematic review by Mele et al. (2022) aggregated prevalence estimates from 22 African countries, finding a pooled prevalence of 4.7% (95% CI: 3.2–6.5%) in clinical diarrhoeal specimens, with higher rates in children and immunocompromised individuals [32]. In Nigeria specifically, O157:H7 isolation rates between 1.4% and 8.6% across different populations and clinical sample types are reported, though comprehensive national data remain lacking due to limited diagnostic infrastructure [10, 17, 33]. Studies from Lagos, Ibadan, and Enugu have documented O157:H7 carriage in raw beef and milk at farmer markets, highlighting the role of informal food systems as amplification nodes [34].
3.1.2 Emergence and Epidemiology of E. coli O104:H4
E. coli O104:H4 achieved infamy through the 2011 German outbreak, representing the largest recorded HUS outbreak in history, with over 3,816 cases of gastroenteritis, 845 HUS cases, and 54 deaths across multiple European countries [2, 3]. Epidemiological investigation ultimately implicated contaminated fenugreek sprouts imported from Egypt as the outbreak vehicle, emphasising the globalised nature of food supply chains and the consequent pandemic potential of contaminated fresh produce [35]. The outbreak triggered unprecedented deployment of whole-genome sequencing for real-time outbreak investigation, fundamentally reshaping the field of molecular epidemiology [14].
Unlike O157:H7, O104:H4 has no established animal reservoir, presenting distinct surveillance challenges. Its transmission is primarily mediated via contaminated fresh produce, water, and person-to-person spread in healthcare and household settings [1, 2]. Phylogenomic analyses by Rasko et al. (2011) and subsequent studies revealed that O104:H4's EAEC backbone shares close ancestry with clinical EAEC isolates from the Central African Republic and West Africa, providing compelling evidence that ancestral strains may circulate undetected in Africa [4, 36]. Sporadic O104:H4 cases have since been reported in France, Finland, Georgia, and Sweden, confirming its global distribution at low endemic levels [37].
For Sub-Saharan Africa, the genomic evidence of African ancestral lineages combined with the near-total absence of O104:H4 surveillance creates a particularly concerning epidemiological blind spot. The possibility that hybrid STEC strains may already circulate in African livestock-human interfaces—or in environmental reservoirs of fresh produce—cannot be excluded given current surveillance capacity [8, 18].
3.2 Virulence Factors and Molecular Pathogenesis
3.2.1 Virulence Architecture of E. coli O157:H7
The pathogenic success of E. coli O157:H7 rests upon a well-characterised array of virulence determinants operating in concert to colonise the intestinal epithelium, evade host defences, and elaborate potent toxins. The most critical virulence factors include: (i) Shiga toxins (Stx1 and Stx2), (ii) the Locus of Enterocyte Effacement (LEE) pathogenicity island, and (iii) the enterohemolysin (hlyA) encoded on the pO157 plasmid [5, 14, 15].
Shiga toxins are AB5 holotoxins whose B-subunit pentamer binds the glycolipid globotriaosylceramide (Gb3) on host cell surfaces, internalising the A subunit, which catalytically depurinates 28S rRNA and arrests protein synthesis, triggering apoptosis [38]. Stx2, and particularly the Stx2a subtype, is approximately 400-fold more potent in animal models of HUS than Stx1, and stx2 carriage has consistently been identified as the strongest predictor of HUS development in human infections [39]. The LEE pathogenicity island, spanning approximately 43 kb, encodes a type III secretion system (T3SS) that injects bacterial effector proteins directly into intestinal epithelial cells, producing the hallmark attaching-and-effacing (A/E) lesion characterised by intimate bacterial attachment, microvillus effacement, and actin-rich pedestal formation beneath adherent bacteria [40]. Under scanning electron microscopy, these intimate adherence phenotypes are visually distinctive and have historically aided clinical microbiologists in phenotypic characterisation [41]. The enterohemolysin encoded by hlyA lyses erythrocytes, releasing haem as an iron source for bacterial growth and contributing to the haemolytic component of HUS pathophysiology [15].
On Sorbitol MacConkey (SMAC) agar, O157:H7 is traditionally distinguished by its inability to ferment sorbitol—a phenotypic property exploited in clinical laboratories for presumptive identification—though sorbitol-fermenting O157:H7 variants (SF-O157) discovered in Germany complicate this reliance [42]. The O157 lipopolysaccharide (LPS) antigen and the H7 flagellar antigen together provide the serotypic identity enabling classical agglutination-based identification methods.
3.2.2 Virulence Architecture of E. coli O104:H4
The virulence profile of E. coli O104:H4 reflects its hybrid pathotype origins, combining determinants from two distinct E. coli pathotypes: Enteroaggregative E. coli (EAEC) and STEC [3, 14]. Unlike O157:H7, O104:H4 conspicuously lacks the LEE pathogenicity island; instead, it achieves intestinal colonisation through a distinct "stacked-brick" aggregative adherence pattern mediated by Aggregative Adherence Fimbriae (AAF/I), encoded by the multi-virulence plasmid pAA [36, 43]. This dense surface adherence facilitates the formation of thick biofilms on intestinal mucosa, markedly prolonging bacterial residence time and amplifying toxin delivery to epithelial cells.
The Stx2a variant expressed by O104:H4 exhibits enhanced cytotoxicity relative to the Stx2 variant typically produced by O157:H7, contributing to the disproportionately high HUS attack rate observed during the 2011 outbreak [2, 44]. Complementing the adherence and toxin machinery, the dispersin protein (Aap) encoded on pAA facilitates bacterial dispersion and penetration of the mucus layer, while the serine protease autotransporters of Enterobacteriaceae (SPATE) and the ShET-1 enterotoxin contribute to mucosa damage and secretory diarrhoea [45, 46].
Critically, O104:H4 carries ESBL genes—specifically blaCTX-M-15—on transferable resistance plasmids, conferring resistance to third-generation cephalosporins and complicating the antibiotic management of severe infections [3]. The presence of ESBL genes within the context of STEC infection is clinically paradoxical: antibiotic therapy of STEC infections is generally contraindicated due to evidence that sub-inhibitory antibiotic concentrations can induce Stx-encoding bacteriophage, increasing toxin production and potentially worsening HUS [47, 48]. Rifaximin and fosfomycin have been explored in this context with limited data, and monoclonal antibody-based toxin-neutralisation strategies (e.g., urtoxazumab) remain investigational [49]. The gene content comparison between the two serotypes is summarised in Table 1.
Table 1: Comparative Virulence Gene Profiles of E. coli O157:H7 and O104:H4
Key virulence gene comparisons: Shiga toxins (Stx1 + Stx2 in O157:H7 vs. Stx2a only in O104:H4); LEE pathogenicity island (present in O157:H7, absent in O104:H4); Adherence mechanism (intimin/Tir in O157:H7 vs. AAF/I fimbriae in O104:H4); Antibiotic resistance (absent/minimal in O157:H7 vs. ESBL CTX-M-15 in O104:H4); Sorbitol fermentation (negative in O157:H7 vs. positive in O104:H4); Biofilm formation (limited in O157:H7 vs. robust in O104:H4) [3, 5, 14, 40, 43].
3.3 Clinical Presentation and Transmission Dynamics
Both O157:H7 and O104:H4 infections share a common initial clinical trajectory: an incubation period of 3–8 days followed by the onset of abdominal cramping and watery diarrhoea, which in a significant proportion of cases progresses to haemorrhagic colitis within 2–5 days [5, 16]. Fever, if present, is typically low-grade, distinguishing STEC colitis from Shigella dysentery, with which it is frequently confused in resource-limited diagnostic settings [25, 50].
Haemolytic uremic syndrome develops in 5–10% of O157:H7-infected individuals, predominantly in children under 5 years and the elderly, manifesting as the clinical triad of microangiopathic haemolytic anaemia (MAHA), thrombocytopenia, and acute kidney injury [7, 51]. In the 2011 O104:H4 outbreak, the HUS attack rate reached 22% overall, with markedly higher rates among adult women, an epidemiological observation attributed in part to differential Gb3 receptor expression and behavioural exposures to contaminated sprouts [2, 52]. Thrombotic thrombocytopenic purpura (TTP) and neurological complications including seizures, encephalopathy, and focal deficits were more prominently reported in O104:H4 cases, linked to the enhanced Stx2a cytotoxicity and heightened systemic toxin translocation facilitated by the EAEC-type mucosal disruption [53].
The duration of faecal shedding also differs importantly between the two serotypes. O157:H7 shedding typically ceases within 3 weeks of illness onset in immunocompetent adults, though children may shed for longer. O104:H4, by contrast, demonstrated prolonged faecal carriage of up to 41 days in outbreak patients, significantly amplifying person-to-person and community transmission potential [54]. This extended shedding, combined with the ESBL resistance phenotype, raises important infection prevention and control considerations for healthcare facilities in low-resource settings.
Regarding transmission, O157:H7 is fundamentally a zoonotic pathogen. Its epidemiology is driven by the cattle reservoir, with principal vehicles including undercooked ground beef, raw milk, unchlorinated drinking water, and fresh produce contaminated with bovine faecal material [29, 55]. In Nigeria, the slaughter and handling of cattle in informal abattoirs under rudimentary hygiene conditions, coupled with widespread consumption of suya (grilled beef) and other minimally processed meat products, creates persistent transmission opportunities [34, 56]. O104:H4, lacking an established animal reservoir, relies on a distinct epidemiological niche: contaminated fresh produce (particularly sprouts, leafy greens), water, and secondary person-to-person spread [1, 2]. The expansion of fresh produce trade within and from Africa introduces novel importation risk for this serotype.
3.4 The Role of Molecular and Genomic Phylogeny
The application of molecular phylogenetic tools has transformed the epidemiological understanding of STEC and provided actionable intelligence for outbreak investigation and pathogen surveillance. Traditional phenotypic methods—agglutination serotyping, biotyping, and culture-based isolation—while still foundational in many African laboratory settings, lack the resolution to discriminate outbreak strains from sporadic isolates or to detect novel hybrid pathotypes [57].
Elemuwa et al. (2022) demonstrated that 16S rRNA phylogenetic analysis effectively differentiates E. coli O157:H7 from Shigella species in Nigerian clinical isolates, resolving ambiguities that arise in SMAC-based or biochemical identification due to shared colony morphologies and overlapping biochemical profiles [25]. This work underscores the relevance of ribosomal RNA sequencing as an accessible and scalable molecular tool for African public health laboratories, offering higher discriminatory power than conventional methods without requiring the infrastructure of WGS.
Multi-Locus Sequence Typing (MLST) has been widely applied to assign sequence types (STs) to E. coli isolates, revealing population structure and clonal lineages. O157:H7 strains predominantly belong to ST11 within the MLST scheme, while O104:H4 outbreak strains were identified as ST678, a sequence type with close phylogenetic affinity to ST10—a globally distributed EAEC lineage prevalent in Africa [36, 58]. This phylogenetic proximity to African EAEC strains aligns with the hypothesis of African origin for O104:H4 ancestor strains and motivates urgent genomic surveillance efforts on the continent.
Core genome MLST (cgMLST) and WGS-based single nucleotide polymorphism (SNP) analysis now provide the highest-resolution genomic epidemiology tools, enabling cluster analysis with discriminatory power sufficient to link outbreak cases separated by time and geography [59]. Real-time WGS platforms such as Oxford Nanopore MinION offer potential for deployment in resource-limited settings given their portability and reduced infrastructure requirements, though bioinformatic capacity and reference database completeness for African E. coli lineages remain challenges to overcome [60]. Elemuwa et al. (2025) further advanced the application of genomic and phylogenetic approaches to O157:H7 surveillance in Nigeria, demonstrating their utility for improved public health response and providing a methodological template for regional scale-up [5].
Metagenomic sequencing approaches additionally offer the prospect of culture-independent direct detection of STEC virulence genes (stx1, stx2, eae, aggR) from clinical and environmental samples, bypassing the time-consuming and sensitivity-limited conventional culture step [61]. The integration of such platforms into national reference laboratory networks across Sub-Saharan Africa represents both a scientific priority and a public health investment with demonstrated returns in outbreak control [62].

4. Discussion
This comparative analysis reveals fundamental and consequential distinctions between E. coli O157:H7 and O104:H4 that carry direct implications for surveillance design, clinical management, and public health policy in Nigeria and Sub-Saharan Africa. Understanding these differences is not merely an academic exercise but an operational imperative for health systems contending with persistently high infectious disease burden.
From an epidemiological standpoint, O157:H7 represents a classical, well-characterised zoonotic STEC whose control depends fundamentally on veterinary public health, food-safety regulation along the beef and dairy supply chain, and environmental WASH interventions [29, 55]. Nigeria's documented O157:H7 prevalence in clinical samples—ranging from 1.4% to 8.6%—likely substantially underestimates true burden given reliance on SMAC-based culture diagnostics that miss sorbitol-fermenting variants and are insensitive in formed stool specimens [16, 17, 42]. Scaling up diagnostic capacity through multiplex PCR targeting stx1, stx2, and eae, combined with sorbitol MacConkey and immunomagnetic separation where available, would markedly improve case ascertainment and enable trend monitoring.
O104:H4, by contrast, represents an emerging hybrid paradigm that challenges conventional STEC control frameworks in three critical respects. First, the absence of an established animal reservoir means that veterinary surveillance and slaughterhouse hygiene—the mainstays of O157:H7 control—provide no protective benefit against O104:H4. Fresh produce safety systems, particularly for sprouted seeds and leafy vegetables increasingly entering Nigerian urban markets, must be explicitly addressed. Second, the ESBL resistance phenotype of O104:H4 eliminates the antibiotic treatment option that clinicians might otherwise reflexively apply during severe gastroenteritis, necessitating awareness campaigns among clinicians and stewardship programmes to prevent inadvertent harm [3, 48]. Third, the higher HUS attack rate (22% versus 5–10%) and predilection for adult women represent an unusual epidemiological pattern that may delay clinical recognition in settings where STEC is conflated with O157:H7 and presumed primarily paediatric [2, 52].
The African epidemiological context introduces additional complexity. The phylogenomic evidence of African ancestral origins for the O104:H4 EAEC backbone [4, 36], combined with the documented circulation of EAEC strains across Nigerian clinical settings [33], raises a plausible hypothesis that recombinant or ancestral hybrid strains may already circulate at low levels in Nigeria and neighbouring countries. Without systematic molecular surveillance incorporating stx gene detection in EAEC isolates or WGS of clinical E. coli, such strains would be entirely invisible to current surveillance systems. The experience of the 2011 German outbreak—where a pathogen with putative African origins caused catastrophic disease in a high-resource setting with advanced diagnostics—should serve as a cautionary paradigm for health security investment in Africa itself.
The comparative virulence analysis also informs clinical management pathways. Both serotypes require supportive care as the primary management strategy, with careful attention to fluid balance, haematological monitoring, and renal function [7, 51]. The evidence base specifically contradicts the use of antibiotics and anti-motility agents in confirmed or suspected STEC infection, as both interventions have been associated with increased HUS risk through induction of Shiga toxin-encoding bacteriophage and delayed toxin clearance, respectively [47, 48, 63]. Eculizumab, a complement C5 inhibitor, was deployed during the 2011 outbreak with emerging evidence of benefit in severe neurological HUS cases, though its cost and availability make it inaccessible in most African health systems [64]. Developing accessible and affordable supportive care protocols adapted for low-resource settings therefore represents an urgent research priority.
Nigeria's broader AMR challenge intersects critically with STEC management. The widespread availability of over-the-counter antibiotics, high self-medication rates, and inadequate antibiotic stewardship create an environment conducive to selection and horizontal gene transfer of ESBL resistance plasmids among Enterobacteriaceae [15, 65]. Should O104:H4 or analogous ESBL-carrying STEC strains establish transmission chains in Nigeria, the combination of enhanced virulence and multidrug resistance would constitute a public health emergency of extraordinary severity. Integrating STEC-specific virulence gene surveillance into existing national AMR monitoring frameworks—such as NARSAMB (Nigeria Antimicrobial Resistance Surveillance and Monitoring Board)—represents a structurally efficient and politically achievable step [66].
Regional harmonisation of STEC surveillance across Sub-Saharan Africa is equally critical. Pathogens do not respect national borders, and the informal cross-border livestock and food trade that characterises much of the region creates rapid pathogen dispersal pathways. The Africa CDC's Integrated Disease Surveillance and Response (IDSR) framework provides an existing institutional platform for this harmonisation, but requires country-level investment in laboratory capacity to generate the data that cross-border intelligence systems require [19, 67]. South-South scientific collaboration, leveraging genomic and epidemiological expertise across African research institutions, offers a complementary pathway to capacity strengthening that does not depend on technology transfer from high-income countries alone [8, 62].

5. Conclusion
Escherichia coli O157:H7 and O104:H4 represent two distinct but equally significant evolutionary solutions to the challenge of intestinal colonisation and host exploitation, each posing unique and formidable threats to public health. O157:H7 is a well-characterised zoonotic pathogen with established reservoirs, understood transmission pathways, and validated control strategies—yet its burden in Nigeria and Sub-Saharan Africa remains chronically underappreciated due to diagnostic gaps. O104:H4 embodies a new generation of hybrid pathogens that synthesise virulence traits from multiple pathotypes, combine enhanced cytotoxicity with antimicrobial resistance, and exploit non-zoonotic transmission vectors, complicating both diagnosis and clinical management in ways that existing infrastructure is ill-equipped to address.
The genomic evidence suggesting African ancestral origins of O104:H4 is not merely a phylogenetic curiosity—it is a sentinel observation that demands proactive investment in molecular surveillance infrastructure before an outbreak of catastrophic scale occurs in the region. The 2011 German experience demonstrated that even a high-resource health system with advanced diagnostics and internationally connected epidemiology requires weeks to characterise and contain a novel STEC hybrid; the consequences of a comparable event in a setting without these capacities are sobering to contemplate.
Nigeria's near-absence of systematic STEC surveillance, reliance on culture-based diagnostics, limited molecular sequencing capacity, and inadequate food safety enforcement along informal supply chains collectively create a substantial and eminently addressable vulnerability. Targeted and sustained investments in laboratory infrastructure, skilled workforce development, national genomic surveillance systems, and stronger food-safety regulations are not aspirational goals but evidence-based and operationally feasible interventions that can meaningfully reduce the burden and consequences of STEC disease across Nigeria and the wider Sub-Saharan African region.

6. Recommendations
Based on the comprehensive findings of this comparative review, the following evidence-based recommendations are proposed to strengthen STEC surveillance, diagnostics, and control in Nigeria and Sub-Saharan Africa:

I. Strengthen Laboratory Diagnostic Capacity: National and regional reference laboratories should introduce multiplex PCR panels capable of simultaneously detecting key STEC virulence genes (stx1, stx2, eae, aggR, blaCTX-M-15) across all diarrheagenic E. coli pathotypes. Priority investments should target molecular diagnostic equipment (thermocyclers, gel electrophoresis, sequencing platforms) at the minimum of one fully equipped molecular laboratory per geopolitical zone in Nigeria. Integration of immunomagnetic separation (IMS) with culture methods should be adopted to improve sensitivity for low-concentration O157:H7 shedders. Proficiency testing programmes and external quality assurance schemes should be established in partnership with WHO and Africa CDC [19, 57, 60].
II. Scale Up Whole-Genome Sequencing and Genomic Surveillance Infrastructure: Nigeria's Federal Ministry of Health, in partnership with academic institutions and international genomics consortia, should establish a national STEC genomic surveillance programme modelled on successful regional frameworks such as PulseNet Africa. Portable sequencing platforms (e.g., Oxford Nanopore MinION) should be evaluated for deployment in state-level reference laboratories. Regional bioinformatics training programmes should be prioritised, and Nigerian STEC genomic data should be systematically deposited in international repositories (NCBI, GISAID) to enable global phylogeographic analysis. Genomic surveillance should explicitly target both O157:H7 and emerging hybrid serotypes, including O104:H4 and non-O157 STEC [5, 8, 59, 60].
III. Enhance Food Safety Systems Across the Entire Supply Chain: Hazard Analysis and Critical Control Point (HACCP) standards should be developed, contextualised for informal sector settings, and progressively mandated across livestock slaughterhouses, dairy processing establishments, and fresh produce markets and distributors. The National Agency for Food and Drug Administration and Control (NAFDAC) should expand its food safety surveillance mandate to include systematic microbiological testing of beef, raw milk, sprouted seeds, and leafy green vegetables for STEC virulence markers. Comprehensive sanitation, hygienic slaughter, and cold-chain education programmes targeting smallholder farmers, abattoir workers, and market vendors should be developed and institutionalised within agricultural extension services [29, 34, 55, 56].
IV. Integrate STEC Surveillance into the National AMR Strategy Using a One Health Framework: The national AMR surveillance framework should be formally expanded to incorporate integrated One Health tracking of STEC virulence genes and resistance determinants (particularly ESBL genes) across human clinical, veterinary, food chain, and environmental surveillance pillars. Standardised data-sharing protocols connecting human health, veterinary, and food sectors in real time should be codified in national AMR action plan revisions. Collaboration between NARSAMB, the Nigeria Veterinary Council, the Federal Department of Livestock Services, and NAFDAC should be formalised through a joint STEC technical working group with defined reporting lines and annual performance targets [15, 65, 66].
V. Improve Outbreak Preparedness and Emergency Response Capacity: Nationally standardised, evidence-based response guidelines for suspected clustered gastroenteritis events should be developed, disseminated to all State Ministries of Health, and rehearsed through tabletop exercises. A centralised electronic pathogen reporting and alert system—integrated with existing IDSR structures—should be established to enable rapid cluster detection, epidemiological investigation, and coordinated public communication. A strategic stockpile of supportive care supplies (intravenous fluids, renal replacement consumables) should be maintained at regional referral hospitals in alignment with HUS management protocols adapted for low-resource settings [7, 19, 51, 63].
VI. Promote Evidence-Based WASH Interventions Targeting High-Risk Populations and Settings: Targeted community WASH programmes should be expanded with explicit focus on informal food markets, slaughterhouse effluent management, peri-urban settlements relying on unverified water sources, and healthcare facilities serving immunocompromised populations. Integration of E. coli O157:H7 testing into water quality monitoring programmes for informal urban water vendors and sachet water producers should be mandated. Community health worker-led hygiene promotion campaigns should incorporate STEC-specific messaging on handwashing, raw meat handling, milk pasteurisation, and produce washing, adapted to local dietary practices [18, 31, 55].
VII. Expand Epidemiological Research and South-South Scientific Collaboration: Standardised baseline STEC prevalence surveys utilising advanced genomic characterisation should be conducted across Nigerian geopolitical zones and systematically extended to cover food animals, environmental water bodies, and fresh produce supply chains. Dedicated funding mechanisms—through the Nigeria Tertiary Education Trust Fund (TETFund), the Nigerian Institute of Medical Research (NIMR), and international research partners—should support multi-site longitudinal STEC surveillance studies. Regional South-South research consortia, modelled on the H3Africa Consortium, should be fostered to harmonise STEC research methodologies, share genomic data, and collectively characterise emerging hybrid E. coli lineages across the continent [8, 62, 67].
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