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Abstract

Infectious disease and oncology maintain separate 

biomarker ecosystems and separate decision-support tools, 

yet they increasingly share molecular substrates, analytical 

platforms, diagnostic problems, and causal biology. This 

narrative review examines developments connecting the two 

fields: Host-response protein signatures moving into 

deployed use, plasma cell-free DNA emerging as a shared 

substrate as microbial sequencing entered formal diagnostic 

criteria while tumour-derived sequencing entered adjuvant 

treatment decisions, circulating viral tumour DNA 

functioning simultaneously as an infection and a cancer 

marker, and a published critique of reproducibility in the 

cancer microbiome literature. These are considered 

alongside evidence on diagnostic infrastructure, data 

governance, model oversight, health system financing and 

workforce capability, supply integrity, and population 

surveillance, which prior reviews have treated separately. 

Read together, they identify an integration that is technically 

available but unimplemented, since the same plasma 

specimen can yield both microbial and tumour-derived 

results that are nonetheless generated and interpreted in 

isolation. The constraints are evidentiary, infrastructural, 

and governance-related rather than analytical. 
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1. Introduction 

A clinician assessing a febrile patient with a haematological malignancy must answer several questions simultaneously. Is the 

fever infectious, and if so is the organism bacterial, viral, or fungal? Is it instead attributable to the tumour or to the therapy 

directed against it? Should antimicrobials be started, continued, or withdrawn? Should immunosuppression be added or 

reduced? These questions belong nominally to different specialties, yet they arise from one patient at one moment and are 

answered from one blood draw. 

Biomarker development has not been organised accordingly. Infection biomarkers developed within microbiology and critical 

care, oriented toward triage, antimicrobial stewardship, and mortality prediction. Cancer biomarkers developed within 

pathology and medical oncology, oriented toward diagnosis, prognosis, treatment selection, and surveillance. The two 

literatures cite one another rarely, the two laboratory workflows rarely share specimens, and the two families of decision-

support tools rarely share an interface. Reviews of diagnostic integration across microbiology, virology, and serology 

workflows reach a similar conclusion from the infection side, identifying workflow fragmentation rather than assay 

performance as the binding constraint on diagnostic yield (Asiedu, 2023). 

Four considerations make this separation increasingly difficult to sustain. First, a substantial minority of cancers worldwide are 

attributable to infectious agents, principally Helicobacter pylori, human papillomavirus (HPV), hepatitis B and C viruses, and 

Epstein-Barr virus, with estimates placing the infection-attributable fraction near 13% of global incidence and the burden 
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concentrated in low- and middle-income regions (de Martel 

et al., 2020). Second, plasma cell-free DNA contains 

fragments of both human tumour origin and microbial origin 

in the same tube, so distinguishing them is a bioinformatic 

rather than a pre-analytical decision. Third, contemporary 

cancer therapy produces inflammatory syndromes that 

phenocopy sepsis, including cytokine release syndrome after 

chimeric antigen receptor (CAR) T-cell therapy and 

immune-related adverse events after checkpoint blockade, in 

patients who are concurrently at elevated infection risk. 

Fourth, the same sequencing platforms, multiplex 

immunoassay analysers, and machine-learning pipelines 

now serve both domains. 

A less frequently stated fifth consideration follows directly 

from the first four: Translation is not solely a laboratory 

matter. A conceptual model developed in health systems 

research argues that scientific innovation fails to improve 

patient outcomes in the absence of effective healthcare 

delivery infrastructure (Ilodigwe & Adesemoye, 2019b), and 

empirical work on large laboratory networks treats 

healthcare infrastructure as a public health intervention 

rather than as a passive container for clinical activity 

(Aminu-Ibrahim & Ogbete, 2023). Work on biomarker-

based risk stratification in Sub-Saharan Africa makes the 

same point clinically, where composite indices assembled 

from routinely available measurements have been proposed 

precisely because they do not require infrastructure that is 

unavailable (Okwah, 2022). 

Existing reviews address the biomarker evidence and the 

delivery evidence in isolation. The present review considers 

them jointly. Doing so brings into view a linkage that 

current systems do not yet operationalise, and it locates the 

obstacles to realising it in literatures that biomarker 

validation studies seldom cite. The aim is to describe recent 

developments and to specify what would be required to 

convert these linkages into decision support usable at the 

bedside. 

 

2. Methods 

Literature was identified from indexed bibliographic 

sources, with emphasis for the biomarker evidence on recent 

primary studies and guideline revisions, supplemented by a 

broader implementation literature covering diagnostic 

infrastructure, health informatics, data governance, 

regulatory science, pharmaceutical supply, and clinical 

service delivery. Prospective clinical cohorts, real-world 

implementation studies, formal guideline revisions, and 

methodological critiques bearing on reproducibility were 

prioritised. Commercial assay claims were included only 

where supported by peer-reviewed primary data and are 

identified as such. This is a narrative review; no formal 

quality scoring or meta-analysis was performed, and the 

synthesis is interpretive. 

The principal developments examined are summarised 

below. 

 

 

 

 

 

 

 

 

 

Area 
Clinical 

question 
Development examined 

Virus-driven 

malignancy 

Did an infection 

cause this 

cancer? 

Circulating viral tumour DNA 

in HPV-driven oropharyngeal 

carcinoma 

Shared substrate 

Can one 

specimen serve 

both fields? 

Microbial cell-free DNA 

sequencing in diagnostic 

criteria 

Therapy-related 

inflammation 

Is this fever 

infection or 

treatment effect? 

Procalcitonin and cytokine 

profiling after CAR T-cell 

therapy 

Microbial 

modifiers 

Does microbial 

context alter 

treatment effect? 

Reproducibility critique in the 

tumour microbiome literature 

 

3. Biomarker Linkages Between Infection and Oncology 

3.1 Circulating Viral Tumour DNA in Virus-Driven 

Malignancy 

In HPV-associated oropharyngeal squamous cell carcinoma, 

tumour cells shed fragmented viral DNA into plasma. That 

DNA is viral in sequence and tumour-derived in origin. It 

therefore functions as an infection biomarker and a cancer 

biomarker at once, and clinically it behaves as the latter. The 

assay with the largest accumulated evidence base detects 

tumour tissue modified viral (TTMV) HPV DNA, 

representing circulating fragmented post-apoptotic tumour-

associated HPV DNA rather than free viral genome from 

productive infection. That distinction is what allows the 

marker to track tumour burden rather than carriage. 

Recent reports have strengthened the surveillance case. A 

retrospective observational cohort of 543 patients across 

eight United States cancer centres, all of whom had 

completed curative-intent therapy for HPV-associated 

oropharyngeal carcinoma between February 2020 and 

January 2022, evaluated the negative predictive value of 

TTMV-HPV DNA during post-treatment surveillance 

(Hanna et al., 2023). This extended earlier work reporting 

high positive predictive value for two consecutively positive 

results, with a median lead time of several months to biopsy-

proven recurrence (Berger et al., 2022; Chera et al., 2020). 

Liquid biopsy performance for both diagnosis and 

surveillance in the same disease has been assessed 

separately (Ferrandino et al., 2023), with additional 

surveillance data reported alongside it (Kuhs et al., 2023) 

and an accompanying analysis of the economics of 

substituting or supplementing imaging-based surveillance 

(Lin et al., 2023). 

The interpretive challenge is quantitative. Where an 

oncogenic virus is present both in tumour cells and, at lower 

copy number, in non-malignant tissue or as latent carriage, 

usefulness depends on threshold placement rather than on 

detection. The broader lesson from diagnostic integration 

research is that assay-level accuracy is necessary but not 

sufficient, because the interpretive framework surrounding a 

quantitative result determines whether it alters management 

(Asiedu, 2023). 
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Three claims are supported with reasonable confidence: The 

marker has high negative predictive value in surveillance, 

two consecutive positive results carry high positive 

predictive value, and clearance kinetics during 

chemoradiation are prognostic. It is not established that 

acting on the marker improves survival. Surveillance 

biomarkers are vulnerable to lead-time bias, and detection of 

recurrence several months earlier improves outcomes only 

where an effective earlier intervention exists. National 

guideline bodies have not incorporated the marker into 

standard surveillance algorithms. The gap between 

analytical maturity and guideline endorsement recurs 

throughout this review and corresponds to the gap identified 

in health systems research between innovation and delivery 

(Ilodigwe & Adesemoye, 2019b). 

Etiologic linkage also operates at population scale, where 

the relevant markers are those of exposure and pathogen 

circulation rather than of tumour burden. Integration of 

artificial intelligence with biosensors for rapid detection of 

antimicrobial-resistant foodborne organisms illustrates the 

detection layer of such surveillance (Olorunkosebi et al., 

2023). Exposure surveillance in the feed and food chain is 

directly pertinent, since aflatoxin B1 is an established 

hepatocarcinogen and contamination is measured at the 

point of animal feed rather than at the point of human 

consumption; quantification of aflatoxin in commercially 

available poultry feeds demonstrates the measurement 

problem in the setting where the exposure originates 

(Tawose et al., 2023). Related work characterising 

physiological and stress indicators in scavenging poultry 

populations (Oluwadele et al., 2023), phenotypic 

characterisation of indigenous flocks (Ekeocha et al., 2021), 

and the physiological consequences of specific feed 

compositions (Aye & Tawose, 2015; Aye & Tawose, 2016) 

describes the production systems within which such 

exposures are generated and would need to be monitored. 

These literatures bear on oncology because the infection- 

and exposure-attributable cancer burden is generated 

upstream, years or decades before malignancy. The 

oncology endpoint is concrete rather than diffuse: Human 

exposure biomonitoring for aflatoxin typically relies on 

aflatoxin-albumin adducts or urinary metabolites as 

individual-dose biomarkers, and aflatoxin B1 is a recognised 

co-factor with chronic hepatitis B infection in the causation 

of hepatocellular carcinoma, the same malignancy for which 

viral integration signatures are discussed below as a 

circulating biomarker. Exposure surveillance in the feed 

chain and molecular surveillance of established hepatitis B 

infection therefore address different points on one causal 

pathway toward the same cancer. 

The design principle generalises, though the underlying 

molecular event is not identical across pathogens. Where an 

oncogenic virus is clonally present in tumour cells and 

absent or quantitatively distinct in non-malignant tissue, its 

circulating DNA becomes a high-specificity tumour marker, 

as with plasma Epstein-Barr virus DNA in nasopharyngeal 

carcinoma. That instance, like TTMV-HPV DNA above, 

reflects circulating episomal viral DNA shed from clonal 

tumour cells and quantified as viral load or fragment burden. 

Hepatitis B integration signatures in hepatocellular 

carcinoma instantiate a mechanistically distinct version of 

the same principle: The marker there is not free episomal 

viral DNA but a host-genome integration junction created 

when the virus inserts into the tumour cell genome, so 

detection depends on junction-spanning sequencing rather 

than on viral-load quantification. The rate-limiting step for 

the episomal-DNA markers is establishing the threshold 

separating carriage from malignancy; for integration-

junction markers it is instead identifying and validating 

recurrent, tumour-specific junction sites. 

 

3.2 Plasma Cell-Free DNA as a Substrate Shared by 

Both Fields 

Plasma cell-free DNA contains human and microbial 

fragments. Oncology uses the former, infectious disease the 

latter. Until recently these were separate tests on separate 

specimens sent to separate laboratories. 

Shotgun metagenomic sequencing of plasma microbial cell-

free DNA has moved from novelty to qualified acceptance. 

The most consequential development is regulatory rather 

than technical: The 2023 revision of the Duke criteria for 

infective endocarditis, produced with the International 

Society for Cardiovascular Infectious Diseases, incorporates 

pathogen detection by metagenomic sequencing into its 

microbiologic criteria (Fowler et al., 2023). A classification 

system that had rested on blood culture for decades formally 

admits sequence-based evidence. 

The limiting property of these assays is not sensitivity but 

the capacity to distinguish a detected organism that explains 

the syndrome from one that is transient, colonising, or 

contaminating. Detections of uncertain significance are 

common, and diagnostic stewardship at institutions offering 

the assay has tended to tighten over time, moving from 

unrestricted ordering toward mandatory specialist review. 

Investigators have responded by framing the question as 

which trial is actually needed and proposing a randomised 

controlled design for plasma metagenomic sequencing in 

patients with haematological malignancy and febrile 

neutropenia (Hogan et al., 2023), which is the population 

situated precisely at the infection and oncology intersection. 

In parallel, and using the same specimen type, tumour-

informed circulating tumour DNA (ctDNA) assays have 

established molecular residual disease as a decision variable 

in early-stage solid tumours. The GALAXY observational 

arm of the CIRCULATE-Japan platform reported on 1,039 

patients with stage II to IV resectable colorectal cancer 

(Kotani et al., 2023). Post-surgical ctDNA positivity at four 

weeks was associated with substantially higher recurrence 

risk (hazard ratio 10.0), was the strongest prognostic factor 

in stage II and III disease (hazard ratio 10.82), and identified 

the subgroup deriving benefit from adjuvant chemotherapy 

(hazard ratio 6.59). The design logic for molecular residual 

disease-guided adjuvant treatment has been described 

separately (Sato et al., 2023). 

The observation that follows is straightforward but 

consequential. The same plasma specimen can in principle 

be interrogated for both microbial and tumour-derived cell-

free DNA, yet in practice it almost never is. The two assays 

are ordered by different services, run in different 

laboratories, reported into different sections of the record, 

and interpreted without reference to each other. For a 

neutropenic patient with resected colorectal cancer and 

unexplained fever, both answers are relevant at once. A 

combined report stating that no explanatory pathogen was 

detected above threshold while molecular residual disease 

was detected with rising tumour fraction describes a clinical 

situation entirely different from the same fever accompanied 

by a detected Escherichia coli signal and undetectable 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

3245 

ctDNA. No deployed system produces that combined report. 

The obstacle is informatic and financial rather than 

scientific, and adjacent diagnostic domains offer precedent: 

Automated detection algorithms applied to imaging data 

demonstrated decades ago that the constraint on 

computational diagnostic support is rarely the algorithm and 

usually the integration pathway (Ejofodomi et al., 2014). 

 

3.3 Pre-Analytical and Laboratory Process Determinants 

of Assay Performance 

Both assay families are unusually sensitive to pre-analytical 

conditions. Cell-free DNA is low in abundance, fragmented, 

and vulnerable to genomic DNA contamination from 

leukocyte lysis. Time to centrifugation, tube chemistry, 

temperature, and transport handling materially affect results, 

which makes the shared substrate as much a logistics 

problem as an analytical one. The underlying mechanism is 

general laboratory-medicine knowledge rather than assay-

specific: Standard collection tubes do not arrest leukocyte 

metabolism, so when plasma separation is delayed, 

leukocytes progressively lyse and release high-molecular-

weight genomic DNA that dilutes, and can swamp, the 

comparatively small fraction of cell-free fragments actually 

shed by tumour or pathogen. This is the rationale both for 

prompt centrifugation when standard anticoagulant tubes are 

used and for the alternative of drawing into specialised cell-

stabilising tubes that chemically preserve leukocyte integrity 

and tolerate a longer interval before processing. Because this 

contamination manifests as a silent dilution of signal rather 

than an overt assay failure, pre-analytical deviation is 

generally undetectable from the sequencing or immunoassay 

output alone, which is why process controls of the kind 

described below are a design requirement rather than an 

operational preference. 

Design work on scalable blood collection networks 

addresses the upstream segment of this chain, where 

specimen quality is determined before the sample reaches 

any instrument (Ogbete et al., 2022). Laboratory spatial 

planning bears simultaneously on diagnostic accuracy, 

safety, and clinical throughput, which is relevant because 

throughput pressure is a common cause of pre-analytical 

deviation (Ogbete et al., 2018). For molecular assays, 

contamination control is a facility design question as much 

as a protocol question, and regulatory-compliant design 

systems for molecular and pathology laboratories in highly 

controlled environments address unidirectional workflow, 

air handling, and physical separation of amplification from 

extraction (Ogbete et al., 2019). Laboratory designs 

developed for pandemic preparedness provide a template for 

surge-capable molecular testing that is directly transferable 

to metagenomic sequencing workloads (Aminu-Ibrahim et 

al., 2022). 

Variability within a compliant facility is a process problem, 

and the operations literature supplies the relevant methods. 

Standard operating procedures have been characterised as 

strategic assets rather than documentation overhead, which 

is the appropriate framing for pre-analytical protocols whose 

deviation is invisible in the final result (Eyetsemitan et al., 

2022). Structured process optimisation approaches have 

been applied to cycle time and defect reduction in 

operational settings (Ezeugwa et al., 2023a; Oyeleye et al., 

2022), and adaptations of these methods for smaller 

organisations are pertinent to laboratories lacking dedicated 

quality engineering capacity (Ambali et al., 2021). 

Translating regulatory requirements into executable 

workflows is itself a design task (Eyetsemitan et al., 2021), 

as is the governance alignment required when specimen 

collection, transport, and analysis sit with different 

organisations (Eyetsemitan et al., 2020). Structured 

validation before deployment (Eyetsemitan et al., 2023b) 

and managed change during transition to a new assay or 

platform (Eyetsemitan et al., 2023a) determine whether a 

validated method survives contact with routine operation. 

An assay validated in a reference laboratory and deployed 

into a facility with different air handling, specimen transport 

times, and power stability is not the same assay; analytical 

validity is a property of the assay in its setting. 

 

3.4 Discriminating Infection From Therapy-Related 

Inflammation 

Distinguishing bacterial infection from non-bacterial 

inflammation is among the oldest unresolved problems in 

acute care, and it is harder in oncology, where the 

differential includes tumour fever, chemotherapy effects, 

cytokine release syndrome, immune-related adverse events, 

engraftment syndrome, and transfusion reactions, in patients 

whose capacity to mount conventional inflammatory 

responses is pharmacologically suppressed. 

The most mature entrant is a three-protein signature 

integrating TNF-related apoptosis-inducing ligand (TRAIL), 

interferon-gamma induced protein 10 (IP-10, also 

designated CXCL10), and C-reactive protein, 

computationally combined into a single score with defined 

interpretive bands: Low scores indicating viral or other non-

bacterial aetiology, an intermediate equivocal band, and 

high scores indicating bacterial infection or co-infection 

(Stas et al., 2022). The biological logic explains both the 

strengths and the failure modes. TRAIL and IP-10 are 

interferon-pathway-associated and rise preferentially in viral 

infection, whereas C-reactive protein is a general acute-

phase reactant that rises more steeply in bacterial infection. 

Combining an up-regulated viral axis with an up-regulated 

bacterial axis yields better discrimination than either alone, 

because the score reads the shape of the host response rather 

than its magnitude. 

This signature is supported by multiple independent 

validation efforts spanning emergency department and 

urgent-care settings. A recent review situated host-response 

biomarkers within emergency department sepsis assessment 

and observed that of the hundreds of biomarkers evaluated 

for infection and sepsis diagnosis, only a handful see large-

scale clinical use (Turgman et al., 2023). Real-world 

evidence from urgent care settings examined the effect of 

the test on patient management (Tsalik et al., 2023). Sepsis-

specific sub-analyses assessed performance against expert 

panel adjudication in patients meeting systemic 

inflammatory response syndrome criteria (Stas et al., 2022), 

within the framework established by consensus sepsis 

definitions (Singer et al., 2016). The assay's stated 

limitations include unreliability in chronic infections and 

inflammatory conditions, and performance has been 

examined in Mycoplasma pneumoniae community-acquired 

pneumonia, an atypical bacterial pathogen where an 

interferon-skewed host response might be expected to 

mislead a bacterial-versus-viral classifier (Papan et al., 

2023). 

Translation stalls in the immunocompromised host. Host-

response signatures are trained and validated predominantly 
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in immunocompetent emergency department populations, 

whereas the neutropenic, lymphodepleted, or steroid-

exposed patient is a different biological system in which the 

interferon axis, the acute-phase response, and the cellular 

effectors generating the measured signal are all perturbed by 

cancer therapy. Calibration cannot be assumed to transfer, 

since a given score may carry different post-test 

probabilities in an immunocompetent adult and in a patient 

five days after lymphodepleting chemotherapy, and the 

equivocal band is likely to widen in exactly the population 

where the decision is hardest. 

CAR T-cell therapy presents a particularly difficult version 

of the problem. Cytokine release syndrome is driven by 

excessive cytokine release, predominantly interleukin-6, and 

is treated with interleukin-6 receptor blockade and 

corticosteroids, whereas sepsis results from a dysregulated 

response to infection and requires antimicrobials. The 

syndromes share fever, hypotension, and multi-organ 

dysfunction, and the treatments are close to opposites, since 

immunosuppression may worsen untreated sepsis while 

antimicrobials in pure cytokine release syndrome add 

resistance pressure without benefit. Clinicians consequently 

treat both empirically. Cytokine-profiling work in critically 

ill children identified 23 cytokines differing significantly 

between the two conditions and found that markedly 

elevated interferon-gamma, or mildly elevated interferon-

gamma combined with low interleukin-1-beta, associated 

with cytokine release syndrome (Diorio et al., 2020). That 

work also found interleukin-6 alone to be a poor 

discriminator, since high values occur in both conditions, 

and general markers such as ferritin, D-dimer, and C-

reactive protein are elevated in inflammatory states of any 

cause. Recent contributions have been pragmatic: 

Procalcitonin has been evaluated specifically as a predictor 

of bacterial infection in CAR T-cell therapy recipients 

(Powell et al., 2023), and a formal guidance document on 

the clinical use of procalcitonin supplies the interpretive 

framework that had been missing (Chambliss et al., 2023). 

Composite indices derived from routine laboratory values 

have been proposed partly because they require no 

specialised assay and can be computed from data already 

recorded, a design principle recurring in cardiometabolic 

risk stratification where indices assembled from routinely 

available measurements have been evaluated against 

outcomes because they are deployable where specialised 

assays are not (Okwah, 2022). 

 

3.5 Clinical Workflows Through Which Results Become 

Actions 

A biomarker result changes nothing unless a workflow 

converts it into an action, and in febrile neutropenia that 

workflow is predominantly nursing-led and stewardship-

governed. The relevant literature is substantial and usually 

absent from biomarker papers. 

Antimicrobial stewardship provides the governance 

structure through which a de-escalation recommendation 

becomes a de-escalation, and policy-based models for 

strengthening stewardship programmes in emerging 

economies describe the institutional preconditions 

(Fapohunda et al., 2023c). Infection prevention and control 

compliance in tertiary hospitals determines the baseline 

nosocomial risk against which any biomarker's post-test 

probability is computed (Omaghomi et al., 2022). 

Frameworks for strengthening patient safety in high-acuity 

nursing units address the environment in which febrile 

neutropenia is managed (Fapohunda et al., 2023b). 

Recognition and escalation depend on communication and 

analytic structures. Multidisciplinary collaboration has been 

linked to patient outcomes in emergency departments 

(Ohunyon et al., 2023), decision delay has been treated as a 

measurable target for real-time informatics and performance 

analytics (Nnaji & Akinlolu, 2022), and analytics-driven 

approaches to workflow inefficiency address the throughput 

conditions under which protocol adherence degrades (Nnaji 

& Akinlolu, 2023). Staffing determines whether any of this 

is executable, and governance-driven approaches to 

workforce planning and nurse-patient ratio optimisation 

address the constraint that most directly limits protocol 

adherence in high-acuity units (Omaghomi et al., 2023). 

Continuity across the episode matters as well, since care-

coordination frameworks for reducing readmissions among 

chronic disease patients (Akinlolu et al., 2023) and 

integration of screening into primary care in low-resource 

settings (Akinlolu et al., 2022) describe the mechanisms by 

which an inpatient result does or does not influence 

subsequent outpatient management. 

The safety science literature offers a transferable model for 

how such systems detect their own failures. Near-miss and 

hazard observation data have been examined as an 

underused source of predictive signal (Arumosoye & Obriki, 

2019), with proactive hazard recognition and reporting 

systems developed to convert that signal into intervention 

(Obogo et al., 2021) and internal audit systems designed to 

verify that conversion actually occurs (Obogo et al., 2020a). 

Data-driven risk control models describe how routinely 

collected operational data can be used for prospective rather 

than retrospective safety management (Obriki & 

Arumosoye, 2018), an approach extended to hazard 

identification from digital data streams (Obriki & 

Arumosoye, 2023) and to continuous monitoring 

architectures (Obriki et al., 2023). Readiness for acute 

deterioration has been modelled as an organisational 

capability rather than an individual one, both for emergency 

response (Arumosoye & Obriki, 2023) and for evacuation 

and preparedness in dense occupancy settings (Obriki et al., 

2022b). Applied to diagnostics, these frameworks suggest 

that misinterpretation of an ambiguous biomarker result is a 

reportable near-miss event, and that laboratories and clinical 

units plausibly lack the surveillance apparatus to detect it, an 

inference drawn from the industrial-safety-science analogy 

above rather than direct evidence from diagnostic settings. 

 

3.6 Tumour Microbiome Signatures and Reproducibility 

The proposition that microbial content of tumours and of the 

gut modifies cancer biology and treatment response has 

strong mechanistic support in specific settings, including 

Helicobacter pylori in gastric malignancy, Fusobacterium 

nucleatum in colorectal cancer, and gut community 

composition as a modifier of immune checkpoint inhibitor 

response. The stronger claim, that pan-cancer microbial 

signatures detectable in tumour and blood sequencing data 

can serve as diagnostic classifiers, was advanced in a widely 

cited analysis of The Cancer Genome Atlas covering 33 

cancer types and more than 18,000 samples (Poore et al., 

2020). 

A re-analysis published in October 2023 concluded that 

major data analysis errors invalidate those findings (Gihawi 

et al., 2023b). The stated concerns are specific: Machine-
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learning models rested on genera implausible in human 

disease, including species associated only with extreme 

environments, marine habitats, or plants, and the 

normalisation and batch-correction pipeline is argued to 

have introduced rather than removed artefact. A companion 

paper raises caution regarding the specificities of pan-cancer 

microbial structure (Gihawi et al., 2023a). The exchange is 

unresolved at the time of writing, and the outcome will bear 

directly on whether microbial signatures can be used as 

classifiers at all. 

The episode is more useful as a specification than as an 

academic dispute. The failure mode is generic and will 

recur, since high-dimensional features, low signal-to-noise 

ratio, reference-database contamination, batch structure 

correlated with the outcome of interest, aggressive 

normalisation, and a flexible classifier together produce 

impressive discrimination that does not reflect biology. 

Every ingredient is present in the multi-omic integration 

described above. Practical safeguards follow: External 

validation in an independently generated cohort rather than a 

held-out split of the same dataset; routine biological 

plausibility screening of top features, treating implausible 

features as evidence of pipeline failure rather than as 

discovery; performance reporting stratified by batch and 

site; contamination control as a primary analysis with 

documented negative controls; and preference for low-

dimensional, mechanistically motivated panels where these 

achieve comparable performance. 

The governance literature has converged on similar 

requirements from a different direction. Model risk 

management and algorithmic accountability frameworks 

developed for regulated financial services specify 

independent validation, documented model inventories, and 

challenge functions with authority to block deployment 

(Ominyi & Anichukwueze, 2023). Systematic evaluation of 

artificial intelligence applications in software testing 

describes the verification methods available when the 

artefact under test is itself a model (Borah et al., 2022), and 

detection architectures constrained by physical models 

rather than by correlation alone illustrate the value of 

embedding domain plausibility into the detector rather than 

screening for it afterward (Ojukwu et al., 2023). Where 

models must be adapted for constrained deployment 

settings, parameter-efficient methods reduce the retraining 

burden that otherwise discourages recalibration (Oyesiji et 

al., 2023). A diagnostic classifier is a model in the sense 

these frameworks intend, and applying them is the 

mechanism that would plausibly have identified the 

microbiome dispute before publication rather than after. 

 

4. Enabling Conditions, Discussion, and Conclusion 

4.1 Diagnostic Laboratory Infrastructure 

Every assay described above assumes a laboratory capable 

of running it, and that assumption is unevenly satisfied. The 

infrastructure literature treats it as a design problem with 

measurable outputs. 

Sustainable diagnostic laboratory infrastructure models 

developed for emerging and resource-constrained health 

systems set out the base case (Aminu-Ibrahim et al., 2018), 

while capital project delivery models address financing and 

execution of high-risk healthcare infrastructure in 

developing national systems (Aminu-Ibrahim et al., 2019). 

Infrastructure-driven expansion of diagnostic access across 

underserved and rural regions bears directly on the 

geographic inversion described below, in which infection-

attributable cancer burden and diagnostic capacity are 

distributed inversely (Aminu-Ibrahim et al., 2020), and 

coordinated multi-site expansion requires programme 

management structures distinct from single-project delivery 

(Aminu-Ibrahim et al., 2021). 

Facility-level design decisions carry analytical consequences 

that are easy to underestimate. Beyond the containment and 

spatial planning considerations noted above, sustainable 

materials selection and energy efficiency strategies affect 

the stability of temperature-sensitive analytical 

environments (Ogbete et al., 2020), risk-managed 

construction strategies govern delivery in highly regulated 

environments (Ogbete et al., 2021), and lifecycle 

performance evaluation of purpose-built diagnostic 

laboratories connects design choices to long-term delivery 

capability (Ogbete et al., 2023). The evaluative question that 

most infrastructure programmes leave unanswered is 

whether investment translates into measurable diagnostic 

and population health output, and treating infrastructure 

itself as an intervention makes that question answerable 

(Aminu-Ibrahim & Ogbete, 2023). 

 

4.2 Governance of Combined Infection and Oncology 

Biomarker Data 

A combined report pairs pathogen identification with 

tumour genomic information for a named patient. Each 

element is sensitive independently, and together they 

constitute one of the more consequential data objects in 

clinical medicine. Two governance problems are specific to 

that combination rather than to either data type on its own. 

The first is re-identification risk: Pathogen strain data and 

tumour mutational signatures are each separately quasi-

identifying, and reporting them together narrows the 

anonymity set further than either would alone, so de-

identification standards adequate for a pathogen report or a 

tumour genomic report considered in isolation are not 

necessarily adequate for the combined object. The second is 

regulatory classification conflict: Pathogen sequence data is 

often treated as public-health surveillance data subject to 

mandatory-reporting obligations, whereas germline or 

somatic tumour genomic data is treated as intimate personal 

health information subject to stricter consent and data-

minimisation requirements, and a single report spanning 

both can sit ambiguously between the two regimes. The 

governance literature surveyed below was not developed for 

this specific object, but each stream addresses a component 

of the problem these two failure modes create. 

Legal and ethical risk modelling in enterprise data 

protection governance addresses the normative layer above 

the technical controls, including the classification question 

of which regime a combined pathogen-tumour report falls 

under (Mbonu et al., 2018), and comparative analysis of 

data protection regulations and secure implementation 

strategies across jurisdictions matters for multi-site studies 

and international reference laboratories (Mbonu et al., 

2019), as does explicit harmonisation across differing 

privacy regimes (Ominyi & Anichukwueze, 2022a) and 

cross-border data privacy governance for distributed 

platforms (Annan, 2022). Embedding privacy considerations 

into system design rather than appending them afterward has 

been treated as a structuring principle in transaction and 

restructuring contexts (Ominyi, 2021), and integration of 

compliance obligations following organisational 
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consolidation is directly relevant where laboratory networks 

merge (Ominyi, 2020). 

Access control is central not only because the two halves of 

the report have different professional audiences, but because 

the re-identification risk described above means the 

combined record needs tighter controls than either half 

would require alone. Identity and access management 

integration strategies in hybrid and multi-cloud 

environments (Mbonu et al., 2020) and cloud identity and 

access governance optimisation at enterprise scale (Mbonu 

et al., 2022b) describe the mechanisms, with federated and 

distributed identity models addressing the multi-institution 

case (Oshoba et al., 2019) and directory infrastructure 

providing the operational substrate (Ladapo et al., 2019). 

Data protection impact assessment models provide the 

formal instrument for evaluating a proposed integration 

before deployment (Mbonu et al., 2022a), privacy-oriented 

access control policy design has been reviewed 

systematically (Ladapo et al., 2023b), and attribute-based 

encryption offers a mechanism for enforcing fine-grained 

access in shared pipelines (Shittu & Nabil, 2023). 

Platform architecture determines whether these controls are 

enforceable. Scalable and secure cloud architectures for 

enterprise messaging (Ahmed & Odejobi, 2018a), resource 

allocation and placement models in data centres (Ahmed & 

Odejobi, 2018b), constraint satisfaction approaches to 

resource allocation (Ahmed et al., 2019), predictive scaling 

under variable load (Ahmed et al., 2020), performance 

evaluation under high concurrency (Odejobi & Ahmed, 

2018b), and complexity-aware database optimisation 

(Odejobi et al., 2019) collectively describe the substrate on 

which a combined reporting platform would run, where 

sequencing workloads are bursty and latency requirements 

differ sharply between the protein and sequencing layers. 

Infrastructure-as-code governance provides reproducible 

and auditable configuration (Mbonu et al., 2020b), 

blockchain-enabled audit trails address configuration 

provenance (Oshoba et al., 2020), and continuous cloud 

misconfiguration monitoring addresses the most common 

practical failure mode in such deployments (Aliliele et al., 

2023a). 

Operational security and assurance complete the picture. 

Applications of artificial intelligence to secure software 

testing and automated regression control describe 

verification at the code layer (Mbonu et al., 2021b), lessons 

from offline assessment of security-critical systems describe 

evaluation where live testing is not permissible (Ladapo et 

al., 2018), and characterisation of directory-service attack 

patterns and signatures describes a common intrusion route 

into clinical infrastructure (Ladapo et al., 2023a). Service 

management structures determine incident response in 

practice (Ladapo et al., 2022), and log analytics and 

automated incident response architectures provide the 

detection layer (Mbonu et al., 2019). Risk-based 

prioritisation frameworks are needed because controls 

cannot be applied uniformly (Aliliele et al., 2023b), risk-

based business intelligence architecture describes how 

governed data becomes analysable (Mbonu et al., 2021a), 

audit automation reduces the cost of continuous control 

verification (Mbonu et al., 2022), forensic analytics 

illustrate reconstruction after the fact (Mbonu et al., 2021), 

and predictive analytics for institutional risk management 

demonstrate the same governance requirements in an 

adjacent setting (Aliliele et al., 2023c). Digital 

transformation and supply chain integration under formal 

control regimes (Mbonu et al., 2020a) describes the 

organisational change accompanying such deployments. 

Human factors determine whether controls hold. 

Authentication behaviour and data-protection compliance 

among administrative staff (Onche & Ogbonna, 2022), 

information-security awareness and records confidentiality 

in institutional registries (Onche et al., 2020), and 

information-security risk arising from personal device use in 

administrative settings (Onche et al., 2023) describe the 

failure modes that technical architecture alone does not 

prevent, and which apply directly to clinical environments 

where results are handled by staff outside the laboratory. 

 

4.3 Design and Oversight of Cross-Domain Decision 

Support 

A workable decision-support configuration has several 

components, each with supporting evidence. The clinical 

implication of the pattern described in Section 3.2 is direct: 

Because a single specimen already yields both kinds of 

result, what is missing is not new biology but a decision-

support layer built to use what the specimen already 

provides. 

A single plasma draw supports host-response protein 

measurement, microbial cell-free DNA sequencing, and 

tumour cell-free DNA analysis. The immediate 

implementation task is aliquot logistics and turnaround-time 

reconciliation, since host-response protein assays return 

within roughly an hour while sequencing assays return in a 

day or more. These layers therefore inform sequential 

decisions rather than a single one, and the interface must 

reflect that; data-driven lifecycle performance management 

approaches developed for complex delivery programmes 

provide a usable planning frame (Adelanwa et al., 2023a). 

Reporting should be probabilistic rather than binary. Both 

fields have suffered from threshold-based reporting that 

discards information, since a ctDNA result reported as 

detected or not detected conceals tumour fraction, and a 

metagenomic result reported as a list of organisms conceals 

abundance relative to the assay's own reference distribution. 

Decision support should present likelihood ratios against an 

explicit pre-test probability and should make the equivocal 

zone visible rather than forcing it into a binary, following 

the interpretive banding used by host-response signatures 

(Stas et al., 2022). 

Calibration should be context-aware, and this component 

does not currently exist. A biomarker's post-test probability 

depends on host immune status, which in oncology is a 

documented, time-varying quantity: Days since 

chemotherapy, absolute neutrophil count, lymphodepletion 

regimen, steroid dose, prior CAR T-cell infusion date, and 

checkpoint inhibitor exposure, all already recorded. 

Context-aware calibration means interpreting the same assay 

value against a different reference distribution depending on 

where the patient sits in the treatment course. Decision 

support systems for healthcare operations and resource 

planning describe the general architecture (Adelanwa et al., 

n.d.), and related applications include early detection 

systems for non-communicable disease (Afrihyia et al., 

2023), risk stratification frameworks for large-scale 

preparedness (Oparah et al., 2021), and predictive 

maintenance modelling, structurally the same problem of 

anticipating failure from routine telemetry (Mayo et al., 

2021). Anomaly detection methods developed for fraud and 
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risk detection in public systems address the analogous task 

of flagging results inconsistent with an expected distribution 

(Adelanwa et al., 2023b). 

Output must link to action. Each state should map to a 

defined action set: Continue empiric antimicrobials, de-

escalate, add antifungal coverage, initiate interleukin-6 

blockade, escalate imaging, or trigger multidisciplinary 

review. Antimicrobial stewardship provides the existing 

governance structure for the infection half (Fapohunda et 

al., 2023c) and molecular tumour boards for the oncology 

half, but neither currently holds jurisdiction over the 

combined output. 

Finally, performance requires monitoring. Predictive 

performance degrades as populations, pathogen prevalence, 

treatment regimens, and assay versions change, so any 

deployed model requires prospective calibration monitoring, 

defined performance floors triggering review, version 

control linking each historical result to the model that 

generated it, and a documented decommissioning pathway. 

The regulatory literature supplies the compliance frame: 

Clearance and approval frameworks operating across 

jurisdictions illustrate how the same artefact is assessed 

under differing regimes (Ominyi & Anichukwueze, 2020), 

systematic comparison of compliance regimes across 

emerging and developed markets describes the resulting 

divergence (Ominyi & Anichukwueze, 2021), disclosure 

obligations demonstrate how reporting requirements are 

specified and enforced once a domain is regulated (Ominyi 

& Anichukwueze, 2022b), and questions of ownership and 

authorship in AI-generated works affect the provenance of 

algorithmically derived clinical reports (Annan, 2023). 

 

4.4 Financing, Workforce, and Organisational 

Capability 

Biomarker adoption is a financing decision before it is a 

clinical one. Health insurance financing mechanisms and 

provider payment reform determine whether a test that 

reduces downstream costs is reimbursed at all (Ilodigwe & 

Adesemoye, 2019a). Where incentives are misaligned 

between the entity bearing the assay cost and the entity 

capturing the saving, a cost-effective test remains unfunded. 

A combined infection-oncology report compounds this 

problem rather than merely inheriting it, because it does not 

map onto existing reimbursement categories: Payment 

systems built around a single-assay claim have no ready 

mechanism for a report that jointly returns a pathogen result 

and a tumour fraction, so a combined product can be 

clinically superior to two separate tests yet commercially 

unviable under current billing architecture until a 

corresponding payment pathway exists. 

The data layer is equally determinative. A governance and 

architecture framework for interoperability, data quality, and 

advanced analytics at national scale describes what must 

exist before cross-domain reporting is technically possible 

(Ilodigwe & Adesemoye, 2021). Pharmacy-led delivery and 

access models illustrate one route to extending service reach 

without proportional capital expenditure (Ilodigwe & 

Adesemoye, 2020), which matters for specimen collection 

and result follow-up in systems where laboratory access is 

concentrated in tertiary centres. Interoperability failure is 

not an abstract data-quality concern in this setting; it is the 

specific reason a microbial cell-free DNA result and a 

tumour-informed ctDNA result, generated from the same 

patient in the same week, are rarely viewed side by side. The 

national-scale interoperability layer this literature describes 

is therefore a precondition for the combined report discussed 

throughout this review, not a general infrastructure good that 

happens to be relevant. 

Workforce preparation is the most frequently neglected 

component. Data-informed digital learning platforms for 

healthcare and STEM environments (Orise & Niniola, 2020) 

and real-time analytics and performance dashboards in 

health professional training (Orise & Niniola, 2022) 

describe how interpretive competence for probabilistic 

diagnostic output would be built and monitored, while 

privacy, safeguarding, and ethical data practice in health 

education technology describe the constraints under which 

such training data may be used (Orise & Niniola, 2023). 

Integrative models addressing socioeconomic inequity in 

service delivery describe the populations in which capability 

gaps concentrate (Akinse et al., 2023), and business 

intelligence applied to resource allocation illustrates how 

capability and capacity decisions can be made against 

measured demand rather than historical allocation (Owoade 

et al., 2022). The competency gap is specific rather than 

generic: Clinicians and laboratory staff must learn to read a 

likelihood ratio against a shifting pre-test probability, 

interpret an equivocal host-response band, and reconcile a 

rising tumour fraction with a metagenomic detection list, 

none of which resembles the binary positive-or-negative 

reporting that most current training assumes. Without 

investment in that specific competence, the decision-support 

configuration described in Section 4.3 remains technically 

available but practically unusable, reproducing at the 

interpretive layer the same innovation-without-delivery gap 

that recurs throughout this review. 

These three components are interdependent rather than 

sequential. A funded assay with no interoperable reporting 

layer still cannot be delivered as a combined result, and an 

interoperable reporting layer read by an untrained workforce 

still fails to change management at the bedside. Financing, 

data architecture, and workforce capability therefore 

constitute one organisational capability rather than three 

separable projects, which is why this section is treated as co-

equal in scope to the governance requirements described in 

Section 4.2: A combined report that is secure and compliant 

but unfunded, unintegrated, or uninterpreted delivers no 

more clinical benefit than no combined report at all. 

 

4.5 Reagent, Medicine, and Supply Chain Integrity 

An assay is only as reliable as its reagents, and a biomarker-

guided treatment decision only as good as the medicine 

subsequently administered. Both are supply chain questions 

routinely omitted from biomarker validation studies. 

Traceability and chain-of-custody integrity in 

pharmaceutical distribution provides a frame applying 

equally to diagnostic reagents (Aneke & Adesemoye, 2019), 

and risk-based decision making in good manufacturing 

practice environments describes the quality system 

producing them (Aneke & Adesemoye, 2020). Corrective 

and preventive action effectiveness and root-cause 

methodology determine whether failures are detected and 

closed (Aneke et al., 2022a), and data integrity and 

governance failures in regulated life sciences operations 

describe how quality signals are lost (Aneke et al., 2023). 

Degradation of temperature-sensitive enzymes, probes, and 

control materials produces analytical failures that present as 

biological variability, which makes these controls directly 
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relevant to assay reproducibility. 

Detection of substandard and falsified products bears on 

both halves of this review. Risk-based interdiction models 

address the trade and import compliance route (Aneke & 

Adesemoye, 2021), and the contribution of medicine quality 

failures to the emergence and spread of antimicrobial 

resistance connects supply integrity directly to stewardship 

(Aneke et al., 2022b). Early warning and regulatory 

response models for essential medicine shortages describe 

the anticipatory layer (Eze et al., 2022a), regulatory 

readiness maturity models describe the capability required to 

participate in international supply (Eze et al., 2022b), and 

supply chain governance linked to environmental risk 

management and sustainable access describes the system-

level target (Eze et al., 2023). 

Access and affordability determine whether a 

recommendation is actionable for the individual patient. 

Supply chain inefficiencies and medication affordability in 

resource-constrained systems have been reviewed directly 

(Asiedu & Asiedu, 2023b), alongside last-mile distribution 

barriers to underserved communities (Asiedu & Asiedu, 

2022). Systematic interaction screening frameworks address 

the parallel safety question of what occurs when a 

recommended agent meets an existing regimen (Asiedu, 

2022). Resilience under disruption has been modelled for 

humanitarian logistics using predictive analytics and 

localised distribution (Anene & Clement, 2022), a pattern 

applicable to reagent continuity during outbreak surges. 

Comparative work on bioavailability and cost-effectiveness 

of alternative product forms (Asiedu & Asiedu, 2023a) and 

on antimicrobial activity of traditionally used botanicals 

(Gbadamosi & Obogo, 2013) is relevant where formal 

supply is intermittent and substitution occurs regardless of 

guideline status. 

 

4.6 Population Surveillance and Equity in Diagnostic 

Access 

The infection-attributable cancer burden is concentrated in 

low- and middle-income countries while the technologies 

reviewed here are concentrated in high-income ones. This 

inversion is a surveillance problem before it is a treatment 

problem. 

Data-driven approaches to strengthening national health 

surveillance describe the system layer (Ogunboye et al., 

2023), with big data-enabled predictive models for 

anticipating infectious disease outbreaks at population and 

regional level (Oparah et al., 2022) and frameworks for 

national real-time surveillance dashboards designed for 

stakeholder rather than analyst use (Oparah et al., 2023). 

Governance of these systems determines whether they 

produce action: Public health governance models using 

process optimisation and performance metrics for regulatory 

oversight (Anioke & Atima, 2023a), informatics 

frameworks oriented toward protecting vulnerable 

populations through data-driven policy enforcement (Anioke 

& Atima, 2023c), and business intelligence applications for 

resource allocation and programme accountability (Anioke 

& Atima, 2023b) describe the mechanisms by which 

surveillance output becomes resource deployment. 

Equity in access to the diagnostics themselves is the binding 

constraint. Telehealth has been reviewed as a mechanism for 

bridging rural and urban disparities in access, with attention 

to what it can and cannot substitute for (Fapohunda et al., 

2023a). Chronic disease risk stratification conducted in 

African populations demonstrates both the feasibility and 

the value of biomarker research outside high-income 

settings (Okwah, 2022), and biomarker science conducted in 

the settings bearing the burden yields different and more 

transferable calibration than biomarker science imported 

wholesale. Assays requiring cold-chain plasma shipment 

and centralised sequencing are poorly matched to these 

settings, and development of low-complexity host-response 

assays and point-of-care viral load quantification merits 

priority on burden grounds alone. In concrete terms, low-

complexity here means an assay that does not depend on 

continuous cold-chain storage or mains power, that can be 

interpreted by non-specialist nursing or laboratory staff after 

brief training rather than requiring molecular pathology 

expertise, and that returns a result within a single clinic visit 

rather than requiring batch-run centralised processing. An 

assay meeting those constraints, even at reduced analytical 

precision relative to centralised sequencing, would extend 

surveillance capability to settings that the assays described 

elsewhere in this review cannot reach. 

 

4.7 Limitations 

This review is narrative rather than systematic. Sources were 

selected for relevance and were not scored for 

methodological quality, and no protocol was registered, so 

selection and interpretation bias cannot be excluded. The 

biomarker evidence is drawn disproportionately from 

studies conducted in high-income settings, which limits 

transferability of the reported performance estimates to the 

populations bearing most of the infection-attributable cancer 

burden. Much of the implementation literature considered 

consists of conceptual frameworks and narrative syntheses 

rather than controlled evaluations, so its role here is to 

identify determinants of translation rather than to quantify 

their effects. Several biomarker findings reviewed derive 

from single-institution retrospective cohorts or from studies 

with commercial sponsorship, and effect estimates from 

such designs are prone to optimism. The dispute over 

microbial signatures in tumour sequencing data is active and 

unresolved, so conclusions drawn from that literature are 

provisional. Finally, the central observation that microbial 

and tumour-derived cell-free DNA can be recovered from a 

single specimen is supported by the analytical properties of 

the assays rather than by a study that has performed both 

and reported combined interpretation, so it remains a 

proposition to be tested rather than a demonstrated result. 

 

4.8 Conclusion 

The current literature marks a transition. Host-response 

signatures have moved into real-world use with measurable 

effects on prescribing, microbial cell-free DNA sequencing 

has entered formal diagnostic criteria, tumour-derived cell-

free DNA has entered adjuvant treatment decisions in 

resectable colorectal cancer with effect sizes rarely seen in 

prognostic biomarker research, circulating viral tumour 

DNA has demonstrated, in virus-driven malignancies where 

the marker is clonally tumour-derived, that the distinction 

can dissolve, and a published reproducibility critique in the 

tumour microbiome field has supplied a necessary 

methodological discipline. 

What remains absent is integration. These advances have 

occurred in parallel, using overlapping technology on 

identical specimens, without informing one another at the 

point of care. A clinician facing an ambiguous fever in a 
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patient with cancer still assembles the picture by hand, from 

reports that were each generated correctly but never 

designed to be read together. 

Closing that gap is not principally a discovery problem. It 

requires linked validation cohorts, randomised evidence of 

clinical utility of the kind already proposed for febrile 

neutropenia (Hogan et al., 2023), integrated reporting 

infrastructure, laboratory environments designed for the 

assays they run, data governance adequate to the sensitivity 

of the combined record, model oversight equal to the 

complexity of the classifiers, supply chains delivering 

reliable reagents and the medicines that follow from the 

result, and a workforce equipped to interpret probabilistic 

output. Trials of molecular residual disease-triggered and 

viral ctDNA-triggered intervention with survival endpoints 

will determine whether these markers function as decision 

variables or remain prognostic information (Sato et al., 

2023), threshold-setting frameworks for detections of 

uncertain significance remain underdeveloped, and cost-

effectiveness evidence exists only in fragments (Lin et al., 

2023). The operational consequence, stated plainly, is that 

none of the preceding requirements is optional: A financing 

gap, an unintegrated data layer, or an untrained workforce 

each independently blocks delivery regardless of how 

mature the underlying biomarker science becomes (Ilodigwe 

& Adesemoye, 2019b). These are tractable objectives, and 

the foundation now in place makes them worth pursuing. 

 

5. Declarations 

Ethics approval and consent to participate: Not 

applicable. This is a narrative review that does not involve 

human participants, human tissue, or identifiable patient 

data. 

Consent for publication: Not applicable. 

Availability of data and materials: Not applicable. No 

new datasets were generated or analysed; all sources 

discussed are cited in the reference list. 

Competing interests: The authors declare no competing 

interests. 

Funding: This research received no external funding. 

Authors' contributions: Kazeem Abdulrazaq, Habeeb 

Damilola Yusuf, Sylviastella Favour Peteranaba, Helen 

Ekwi Osinem, and Florence Eribenne contributed to the 

conceptualisation, literature synthesis, and writing of this 

review, and approved the final manuscript. 

Acknowledgments: None. 

 

6. References 

1. Adelanwa A, Basnet A, Anene UN. Data driven digital 

transformation models for lifecycle performance 

management in infrastructure delivery. International 

Journal of Advanced Multidisciplinary Research and 

Studies. 2023a; 3(6):2646-2662. Doi: 

https://doi.org/10.62225/2583049X.2023.3.6.5968 

2. Adelanwa A, Basnet A, Anene UN. Predictive analytics 

models for financial risk detection and fraud prevention 

in public systems. International Journal of Advanced 

Multidisciplinary Research and Studies. 2023b; 3(6). 

Doi: https://doi.org/10.62225/2583049X.2023.3.6.5969 

3. Adelanwa A, Basnet A, Anene UN. Advanced AI-based 

decision support systems for healthcare operations and 

resource planning. Gyanshauryam, International 

Scientific Refereed Research Journal, 7(1), n.d. 

4. Afrihyia E, Akinse SG, Ojukwu PU. Development and 

implementation of an AI-driven early detection system 

for non-communicable diseases. International Journal of 

Advanced Multidisciplinary Research and Studies. 

2023; 3(6):2680-2691. 

5. Ahmed KS, Odejobi OD. Conceptual framework for 

scalable and secure cloud architectures for enterprise 

messaging. IRE Journals. 2018a; 2(1):1-15. 

6. Ahmed KS, Odejobi OD. Resource allocation model for 

energy-efficient virtual machine placement in data 

centers. IRE Journals. 2018b; 2(3):1-10. 

7. Ahmed KS, Odejobi OD, Oshoba TO. Algorithmic 

model for constraint satisfaction in cloud network 

resource allocation. IRE Journals. 2019; 2(12):516-532. 

8. Ahmed KS, Odejobi OD, Oshoba TO. Predictive model 

for cloud resource scaling using machine learning 

techniques. Journal of Frontiers in Multidisciplinary 

Research. 2020; 1(1):173-183. 

9. Akinlolu VS, Fapohunda M, Omaghomi TT, Atima 

ME, Igweonu C. A proposed care-coordination 

framework for reducing readmissions among chronic 

disease patients. Multidisciplinary Global Environment 

Journal. 2023; 4(5):1187-1195. 

10. Akinlolu VS, Omaghomi TT, Fapohunda M, Atima 

ME. A systems-level policy framework for integrating 

mental health screening into primary healthcare in low-

resource settings \[Unpublished manuscript\], 2022. 

11. Akinse SG, Ekechi NV, Ohanebo CG. Integrative 

maternal health model: Addressing socioeconomic 

inequities in rural populations. International Journal of 

Advanced Multidisciplinary Research and Studies. 

2023; 3(6):2832-2838. 

12. Aliliele C, Mbonu IS, Iwuanyanwu U. A conceptual 

framework for continuous cloud misconfiguration 

monitoring and enterprise risk mitigation strategies. 

International Journal of Scientific Research in 

Computer Science, Engineering and Information 

Technology. 2023a; 9(10):373-394. Doi: 

https://doi.org/10.32628/CSEIT2361071 

13. Aliliele C, Mbonu IS, Iwuanyanwu U. A review of API 

governance and risk prioritization frameworks in 

modern financial institutions. International Journal of 

Scientific Research in Computer Science, Engineering 

and Information Technology. 2023b; 9(10):395-433. 

Doi: https://doi.org/10.32628/CSEIT2361072 

14. Aliliele C, Mbonu IS, Iwuanyanwu U. Advances in 

predictive analytics models for student retention and 

institutional risk management systems. International 

Journal of Advanced Multidisciplinary Research and 

Studies. 2023c; 3(6):2692-2711. Doi: 

https://doi.org/10.62225/2583049X.2023.3.6.5990 

15. Ambali KB, Eyetsemitan RA, Oyeleye AO, Fadayomi 

O. Lean Six Sigma for small enterprises: A systematic 

review and Lite-DMAIC adaptation framework for 

resource-constrained organizations. Iconic Research and 

Engineering Journals. 2021; 5(5):562-583. Doi: 

https://doi.org/10.64388/IREV5I5-1716957 

16. Aminu-Ibrahim AY, Ogbete JC. Healthcare 

infrastructure as a public health intervention using 

evidence from large laboratory networks. 

Shodhshauryam, International Scientific Refereed 

Research Journal. 2023; 6(1):256-286. Doi: 

https://doi.org/10.32628/SHISRRJ23678 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

3252 

17. Aminu-Ibrahim AY, Ogbete JC, Ambali KB. 

Developing sustainable diagnostic laboratory 

infrastructure models for emerging and resource 

constrained health systems. Iconic Research and 

Engineering Journals. 2018; 1(8):118-132. Doi: 

https://doi.org/10.64388/IREV1I8-1713586 

18. Aminu-Ibrahim AY, Ogbete JC, Ambali KB. Capital 

project delivery models for high risk healthcare 

infrastructure in developing national health systems. 

Iconic Research and Engineering Journals. 2019; 

2(10):626-649. Doi: 

https://doi.org/10.64388/IREV2I10-1713588 

19. Aminu-Ibrahim AY, Ogbete JC, Ambali KB. 

Infrastructure driven expansion of diagnostic access 

across underserved and rural healthcare regions. 

International Journal of Multidisciplinary Research and 

Growth Evaluation. 2020; 1(5):691-706. Doi: 

https://doi.org/10.54660/IJMRGE.2020.1.5.691-706 

20. Aminu-Ibrahim AY, Ogbete JC, Ambali KB. Program 

management models for coordinated multi-site 

healthcare infrastructure expansion projects. 

International Journal of Multidisciplinary Research and 

Growth Evaluation. 2021; 2(6):661-678. 

21. Aminu-Ibrahim AY, Ogbete JC, Ambali KB. Design 

and development of high-performance medical 

laboratories supporting pandemic preparedness and 

response. Shodhshauryam, International Scientific 

Refereed Research Journal. 2022; 5(3):302-335. 

22. Aneke OB, Adesemoye AC. Toward an integrated 

conceptual framework for traceability and chain-of-

custody integrity in pharmaceutical distribution. Iconic 

Research and Engineering Journals. 2019; 3(4):655-

672. 

23. Aneke OB, Adesemoye AC. A conceptual framework 

for risk-based decision-making in good manufacturing 

practice environments. Iconic Research and 

Engineering Journals. 2020; 4(6):325-341. 

24. Aneke OB, Adesemoye AC. Reframing trade and 

import compliance: A conceptual model for risk-based 

interdiction of illicit medical products. International 

Journal of Scientific Research in Science and 

Technology. 2021; 8(6):1226-1248. 

25. Aneke OB, Adesemoye AC, Sydney E. Corrective and 

preventive action effectiveness in pharmaceutical 

quality management systems: A systematic review of 

root-cause methodologies. International Journal of 

Health and Pharmaceutical Research. 2022a; 7(2):78-

111. 

26. Aneke OB, Adesemoye AC, Sydney E. The role of 

medicine quality failures in the emergence and spread 

of antimicrobial resistance: A narrative review. 

International Journal of Medical Evaluation and 

Physical Report. 2022b; 6(1):34-62. 

27. Aneke OB, Sydney E, Adesemoye AC. Data integrity 

and governance in regulated life sciences operations: A 

review of failures, controls, and remediation strategies. 

International Journal of Scientific Research in 

Computer Science, Engineering and Information 

Technology. 2023; 9(10):538-568. 

28. Anene UN, Clement T. A resilient logistics framework 

for humanitarian supply chains: Integrating predictive 

analytics, IoT, and localized distribution to strengthen 

emergency response systems. International Journal of 

Scientific Research in Computer Science, Engineering 

and Information Technology. 2022; 8(5):398-424. 

29. Anioke SC, Atima ME. Public health governance 

models using process optimization and performance 

metrics for regulatory oversight. International Journal 

of Advanced Multidisciplinary Research and Studies. 

2023a; 3(6):2534-2548. Doi: 

https://doi.org/10.62225/2583049X.2023.3.6.5491 

30. Anioke SC, Atima ME. Business intelligence 

applications for mental health resource allocation and 

public health program accountability. International 

Journal of Advanced Multidisciplinary Research and 

Studies. 2023b; 3(6):2549-2563. Doi: 

https://doi.org/10.62225/2583049X.2023.3.6.5492 

31. Anioke SC, Atima ME. Public health informatics 

frameworks for protecting vulnerable populations 

through data-driven policy enforcement. International 

Journal of Advanced Multidisciplinary Research and 

Studies. 2023c; 3(6):2564-2579. 

32. Annan AO. Data privacy governance models for cross-

border digital platforms. International Journal of 

Multidisciplinary Research and Growth Evaluation. 

2022; 3(6):949-964. 

33. Annan AO. Intellectual property ownership and 

authorship in AI-generated works. Gyanshauryam, 

International Scientific Refereed Research Journal. 

2023; 6(3):425-450. 

34. Arumosoye OM, Obriki OD. Systematic review of 

near-miss and hazard observation data utilization in 

industrial safety management. Iconic Research and 

Engineering Journals. 2019; 3(2):981-999. Doi: 

https://doi.org/10.64388/IREV3I2-1714417 

35. Arumosoye OM, Obriki OD. Conceptual model for 

emergency response readiness and capability in energy 

and process facilities. International Journal of Scientific 

Research in Computer Science, Engineering and 

Information Technology. 2023; 9(3):897-917. Doi: 

https://doi.org/10.32628/CSEIT25112791 

36. Asiedu CS. Drug interaction risk in antenatal care: A 

conceptual framework for systematic interaction 

screening. Shodhshauryam, International Scientific 

Refereed Research Journal. 2022; 5(3):465-484. 

37. Asiedu CS. Diagnostic integration in infectious disease 

management: A review of microbiology, virology, and 

serology workflows. International Journal of Medical 

Evaluation and Physical Report. 2023; 7(4):173-195. 

Doi: 

https://doi.org/10.56201/ijmepr.v7.no4.2023.pg173.195 

38. Asiedu CS, Asiedu AA. Last-mile drug distribution to 

underserved communities: A review of barriers and 

intervention models. Gyanshauryam, International 

Scientific Refereed Research Journal. 2022; 5(6):439-

466. 

39. Asiedu CS, Asiedu AA. Comparative bioavailability of 

fresh versus dried botanical compounds: A review and 

cost-effectiveness modelling framework. Research 

Journal of Pure Science and Technology. 2023a; 

6(3):226-244. Doi: 

https://doi.org/10.56201/rjpst.v6.no3.2023.pg226.244 

40. Asiedu CS, Asiedu AA. Pharmaceutical supply chain 

inefficiencies and medication affordability in resource-

constrained health systems: A narrative review. 

International Journal of Health and Pharmaceutical 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

3253 

Research. 2023b; 8(4):192-222. Doi: 

https://doi.org/10.56201/ijhpr.v8.no4.2023.pg192.222 

41. Aye PA, Tawose OM. Acceptability and utilization of 

graded levels of Gmelina arborea leaves and cassava 

peels concentrate by West African dwarf sheep. 

International Journal of Advances in Agriculture. 2015; 

4(2):415-422. Doi: 

https://doi.org/10.24297/jaa.v4i2.4272 

42. Aye PA, Tawose OM. Physiological responses of West 

African dwarf sheep fed graded levels of Gmelina 

arborea leaf and cassava peel concentrates under 

different management systems. Agriculture and Biology 

Journal of North America. 2016; 7(4):185-195. Doi: 

https://doi.org/10.5251/abjna.2016.7.4.185.195 

43. Berger BM, Hanna GJ, Posner MR, et al. Detection of 

occult recurrence using circulating tumor tissue 

modified viral HPV DNA among patients treated for 

HPV-driven oropharyngeal carcinoma. Clinical Cancer 

Research. 2022; 28(19):4292-4301. 

44. Borah S, Aliliele KC, Rakshit S, Vajjhala NR. 

Applications of artificial intelligence in software 

testing. In P. K. Mallick et al. (Eds.), Cognitive 

informatics and soft computing (Lecture Notes in 

Networks and Systems, Vol. 375, pp. 727-736). 

Springer, 2022. Doi: https://doi.org/10.1007/978-981-

16-8763-1_60 

45. Chambliss AB, Patel K, Colon-Franco JM, Hayden J, 

Katz SE, Minejima E, et al. AACC guidance document 

on the clinical use of procalcitonin. Journal of Applied 

Laboratory Medicine. 2023; 8:598-634. Doi: 

https://doi.org/10.1093/jalm/jfad007 

46. Chera BS, Kumar S, Shen C, et al. Plasma circulating 

tumor HPV DNA for the surveillance of cancer 

recurrence in HPV-associated oropharyngeal cancer. 

Journal of Clinical Oncology. 2020; 38(10):1050-1058. 

Doi: https://doi.org/10.1200/JCO.19.02444 

47. de Martel C, Georges D, Bray F, Ferlay J, Clifford GM. 

Global burden of cancer attributable to infections in 

2018: A worldwide incidence analysis. Lancet Global 

Health. 2020; 8(2):e180-e190. 

48. Diorio C, Shaw PA, Pequignot E, et al. Diagnostic 

biomarkers to differentiate sepsis from cytokine release 

syndrome in critically ill children. Blood Advances. 

2020; 4(20):5174-5183. 

49. Ejofodomi OA, Gideon EN, Oladipo GO, Oshomah ER. 

Automated detection of architectural detection in 

mammograms using template matching. International 

Journal of Biomedical Science and Engineering. 2014; 

2(1):1-6. Doi: 

https://doi.org/10.11648/j.ijbse.20140201.11 Nursing 

Practice, Patient Care, and Clinical Service Delivery 

50. Ekeocha AH, Aganga AA, Adejoro FA, Oyebanji A, 

Oluwadele JF, Tawose OM. Phenotypic characteristics 

of indigenous chickens in selected regions of Nigeria. 

Journal of World\'s Poultry Research. 2021; 11(3):352-

358. Doi: https://doi.org/10.36380/jwpr.2021.42 

51. Eyetsemitan RA, Ambali KB, Oyeleye AO, Fadayomi 

O. Multi-stakeholder governance alignment in joint 

venture operations: A conceptual framework for 

coordinating business processes in highly regulated 

environments. Iconic Research and Engineering 

Journals. 2020; 4(4):418-441. Doi: 

https://doi.org/10.64388/IREV4I4-1716955 

52. Eyetsemitan RA, Ambali KB, Oyeleye AO, Fadayomi 

O. Translating tax and regulatory requirements into 

SME compliance workflows: A conceptual framework 

for implementing IAS 12, VAT, PAYE, and 

withholding tax. Iconic Research and Engineering 

Journals. 2021; 4(11):621-641. Doi: 

https://doi.org/10.64388/IREV4I11-1716956 

53. Eyetsemitan RA, Ambali KB, Oyeleye AO, Fadayomi 

O. Change management in small business digital 

transformation: A systematic review and lean change 

adoption framework. Gyanshauryam, International 

Scientific Refereed Research Journal. 2023a; 6(6):521-

550. Doi: https://doi.org/10.32628/GISRRJ236648 

54. Eyetsemitan RA, Ambali KB, Oyeleye AO, Fadayomi 

O. User acceptance testing in small business technology 

deployment: A structured validation framework for lean 

operational environments. International Journal of 

Multidisciplinary Research and Growth Evaluation. 

2023b; 4(6):1512-1531. Doi: 

https://doi.org/10.54660/IJMRGE.2023.4.6.1512-1531 

55. Eyetsemitan RA, Oyeleye AO, Ambali KB, Fadayomi 

O. Standard operating procedures as strategic assets in 

small business operations: A systematic review and 

implementation framework. Gyanshauryam, 

International Scientific Refereed Research Journal. 

2022; 5(2):438-465. Doi: 

https://doi.org/10.32628/GISRRJ225356 

56. Eze FI, Anene UN, Akinleye OK. Creation of a drug 

shortage early warning and regulatory response model 

for essential medicines in global health systems. 

Research Journal of Pure Science and Technology. 

2022a; 5(1):57-95. Doi: 

https://doi.org/10.56201/rjpst.v5.no1.2022.pg57.95 

57. Eze FI, Anene UN, Akinleye OK. Design of an 

integrated regulatory readiness maturity model for 

pharmaceutical companies seeking global market entry. 

International Journal of Health and Pharmaceutical 

Research. 2022b; 7(1):77-112. Doi: 

https://doi.org/10.56201/ijhpr.v7.no1.2022.pg77.112 

58. Eze FI, Anene UN, Akinleye OK. Pharmaceutical 

supply chain governance, environmental risk 

management, and sustainable access to essential 

medicines in emerging economies: The PSCG-ERM 

framework. International Journal of Health and 

Pharmaceutical Research. 2023; 8(4):192-241. Doi: 

https://doi.org/10.56201/ijhpr.v8.no4.2023.pg192.241 

59. Ezeugwa EC, Oluokun OA, Ogunnowo E. Lean Six 

Sigma based model for process optimization in 

manufacturing systems. International Journal of 

Advanced Multidisciplinary Research and Studies. 

2023a; 3(4):1268-1285. Doi: 

https://doi.org/10.62225/2583049X.2023.3.4.4882 

60. Fapohunda M, Akinlolu VS, Omaghomi TT. A 

conceptual framework for enhancing telehealth 

adoption among rural and underserved populations in 

Nigeria and the United States \[Unpublished 

manuscript\], 2023a. 

61. Fapohunda M, Akinlolu VS, Omaghomi TT, Atima 

ME. A proposed framework for strengthening patient 

safety in high-acuity nursing units through integrated 

clinical policies \[Unpublished manuscript\], 2023b. 

62. Fapohunda M, Omaghomi TT, Akinlolu VS, Igweonu 

C, Atima ME. A policy-based model for strengthening 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

3254 

antimicrobial stewardship programs in emerging 

economies \[Unpublished manuscript\], 2023c. 

63. Ferrandino RN, Chen S, Kappauf C, et al. Performance 

of liquid biopsy for diagnosis and surveillance of 

human papillomavirus-associated oropharyngeal cancer. 

JAMA Otolaryngology-Head & Neck Surgery, 2023. 

Doi: https://doi.org/10.1001/jamaoto.2023.1937 

64. Fowler VG, Jr. Durack DT, Selton-Suty C, et al. The 

2023 Duke-International Society for Cardiovascular 

Infectious Diseases criteria for infective endocarditis. 

Clinical Infectious Diseases, 2023. 

65. Gbadamosi IT, Obogo SF. Chemical constituents and in 

vitro antimicrobial activities of five botanicals used 

traditionally for the treatment of neonatal jaundice in 

Ibadan, Nigeria. Nature and Science, 11(10), 130-135. 

Energy-Harvesting IoT and Wireless Systems 

Engineering, 2013. 

66. Gihawi A, Cooper CS, Brewer DS. Caution regarding 

the specificities of pan-cancer microbial structure. 

Microbial Genomics, 9, mgen001088, 2023a. 

67. Gihawi A, Ge Y, Lu J, Puiu D, Xu A, Cooper CS, et al. 

Major data analysis errors invalidate cancer microbiome 

findings. mBio. 2023b; 14(5):e01607-23. Doi: 

https://doi.org/10.1128/mbio.01607-23 

68. Hanna GJ, Roof SA, Jabalee J, et al. Negative 

predictive value of circulating tumor tissue modified 

viral (TTMV)-HPV DNA for HPV-driven 

oropharyngeal cancer surveillance. Clinical Cancer 

Research. 2023; 29(20):4306-4313. Doi: 

https://doi.org/10.1158/1078-0432.CCR-23-1478 

69. Hogan CA, Miller S, Piantadosi A, et al. Which trial do 

we need? Plasma metagenomic next-generation 

sequencing to diagnose infections in patients with 

haematological malignancies and febrile neutropenia: 

Proposal for a randomized-controlled trial. Clinical 

Microbiology and Infection. 2023; 29:1474-1479. 

70. Ilodigwe L, Adesemoye AC. A critical review of health 

insurance financing mechanisms and provider payment 

reform strategies for balancing coverage expansion and 

financial protection in emerging markets. International 

Journal of Health and Pharmaceutical Research. 2019a; 

5(2):31-55. Doi: 

https://doi.org/10.56201/ijhpr.vol.5.no2.2019.pg31.55 

71. Ilodigwe L, Adesemoye AC. From molecules to health 

systems: A conceptual model explaining why scientific 

innovation fails to improve patient outcomes without 

effective healthcare delivery infrastructure. 

International Journal of Health and Pharmaceutical 

Research. 2019b; 5(2):56-79. Doi: 

https://doi.org/10.56201/ijhpr.vol.5.no2.2019.pg56.79 

72. Ilodigwe L, Adesemoye AC. Advances in pharmacy-led 

delivery and access models for strengthening primary 

healthcare systems and expanding medicine availability 

in emerging markets. International Journal of Health 

and Pharmaceutical Research. 2020; 5(3):78-96. Doi: 

https://doi.org/10.56201/ijhpr.vol.5.no3.2020.pg78.96 

73. Ilodigwe L, Adesemoye AC. The data backbone of 

health system transformation: A governance and 

architecture framework for interoperability, data 

quality, and advanced analytics at national scale. 

International Journal of Health and Pharmaceutical 

Research. 2021; 6(2):52-76. Doi: 

https://doi.org/10.56201/ijhpr.vol.6.no2.2021.pg52.76 

74. Kotani D, Oki E, Nakamura Y, et al. Molecular residual 

disease and efficacy of adjuvant chemotherapy in 

patients with colorectal cancer. Nature Medicine. 2023; 

29(1):127-134. Doi: https://doi.org/10.1038/s41591-

022-02115-4 

75. Kuhs KA, Brenner CJ, Holsinger CF, et al. Circulating 

tumor HPV DNA for surveillance of HPV-positive 

oropharyngeal squamous cell carcinoma. JAMA 

Oncology, 2023. Doi: 

https://doi.org/10.1001/jamaoncol.2023.4042 

76. Ladapo OO, Dosunmu AA, Jooda D, Abolaji TO. 

Lessons learned from offline assessment of security-

critical systems: The case of Microsoft Active 

Directory. Iconic Research and Engineering Journals. 

2018; 2(6):277-299. Doi: 

https://doi.org/10.64388/IREV2I6-1717205 

77. Ladapo OO, Dosunmu AA, Jooda D, Abolaji TO. 

Human-in-the-loop machine learning: A state of the art. 

Journal of Frontiers in Multidisciplinary Research. 

2022; 3(1):656-669. Doi: 

https://doi.org/10.54660/.JFMR.2022.3.1.656-669 

78. Ladapo OO, Dosunmu AA, Jooda D, Abolaji TO. 

Active Directory attacks steps, types, and signatures. 

International Journal of Advanced Multidisciplinary 

Research and Studies. 2023a; 3(6):2863-2874. Doi: 

https://doi.org/10.62225/2583049X.2023.3.6.6204 

79. Ladapo OO, Dosunmu AA, Jooda D, Abolaji TO. An 

IT service management literature review: Challenges, 

benefits, opportunities, and implementation practices. 

International Journal of Advanced Multidisciplinary 

Research and Studies. 2023b; 3(6):2875-2889. Doi: 

https://doi.org/10.62225/2583049X.2023.3.6.6205 

80. Ladapo OO, Jooda D, Dosunmu AA, Abolaji TO. 

Implementation of Active Directory for efficient 

management of enterprise networks. Iconic Research 

and Engineering Journals. 2019; 3(4):608-627. Doi: 

https://doi.org/10.64388/IREV3I4-1717206 

81. Lin MG, Zhu A, Read PW, et al. Novel HPV-associated 

oropharyngeal squamous cell carcinoma surveillance 

DNA assay cost analysis. Laryngoscope. 2023; 

133:306-312. 

82. Mayo W, Ogbole JI, Okoruwa PO, Babatope OM. 

Designing an AI-predictive maintenance model for e-

commerce systems using machine learning and cloud 

analytics. International Journal of Scientific Research in 

Computer Science, Engineering and Information 

Technology. 2021; 7(5):416-440. Doi: 

https://doi.org/10.32628/IJSRCSEIT 

83. Mbonu IS, Aliliele C, Iwuanyanwu U, Oluoha OM. A 

conceptual framework for legal and ethical risk 

modeling in enterprise data protection governance 

systems. Iconic Research and Engineering Journals. 

2018; 2(2):207-226. Doi: 

https://doi.org/10.64388/IREV2I2-1714911 

84. Mbonu IS, Aliliele C, Iwuanyanwu U, Uzoka E. A 

review of identity and access management integration 

strategies in hybrid and multi cloud environments. 

International Journal of Multidisciplinary Research and 

Growth Evaluation. 2020; 1(5):795-810. Doi: 

https://doi.org/10.54660/.IJMRGE.2020.1.5.795-810 

85. Mbonu IS, Aliliele C, Iwuanyanwu U, Uzoka E. A 

conceptual framework for risk based business 

intelligence architecture in financial technology 

platforms. International Journal of Multidisciplinary 

Research and Growth Evaluation. 2021a; 2(6):731-746. 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

3255 

Doi: https://doi.org/10.54660/.IJMRGE.2021.2.6.731-

746 

86. Mbonu IS, Aliliele C, Iwuanyanwu U, Uzoka E. 

Advances in artificial intelligence techniques for secure 

software testing and automated regression control 

mechanisms. International Journal of Scientific 

Research in Computer Science, Engineering and 

Information Technology. 2021b; 7(5):468-496. Doi: 

https://doi.org/10.32628/CSEIT217565 

87. Mbonu IS, Aliliele C, Iwuanyanwu U, Uzoka E. A 

conceptual framework for AI enabled IT general 

controls and SOX audit automation processes. 

Gyanshauryam, International Scientific Refereed 

Research Journal. 2022; 5(5):384-414. Doi: 

https://doi.org/10.32628/GISRRJ2256239 

88. Mbonu IS, Aliliele C, Uzoka E, Oluoha OM. A review 

of comparative data protection regulations and secure 

cloud implementation strategies across jurisdictions. 

Iconic Research and Engineering Journals. 2019; 

2(9):482-501. Doi: https://doi.org/10.64388/IREV2I9-

1714912 

89. Mbonu IS, Iwuanyanwu U, Aliliele C, Uzoka E. A 

conceptual framework for agile supply chain digital 

transformation with embedded IT risk and ISO 

compliance controls. Iconic Research and Engineering 

Journals. 2020a; 3(11):566-593. Doi: 

https://doi.org/10.64388/IREV3I11-1714916 

90. Mbonu IS, Iwuanyanwu U, Aliliele C, Uzoka E. 

Advances in infrastructure as code governance for 

secure terraform based enterprise cloud deployments. 

International Journal of Multidisciplinary Research and 

Growth Evaluation. 2020b; 1(5):811-828. Doi: 

https://doi.org/10.54660/.IJMRGE.2020.1.5.811-828 

91. Mbonu IS, Iwuanyanwu U, Aliliele C, Uzoka E. A 

review of VoIP forensic analytics models for financial 

fraud detection and regulatory compliance monitoring. 

International Journal of Multidisciplinary Research and 

Growth Evaluation. 2021; 2(6):711-730. Doi: 

https://doi.org/10.54660/.IJMRGE.2021.2.6.711-730 

92. Mbonu IS, Iwuanyanwu U, Aliliele C, Uzoka E. A 

review of data protection impact assessment models in 

multi cloud financial infrastructure systems. 

International Journal of Scientific Research in 

Computer Science, Engineering and Information 

Technology. 2022a; 8(1):589-623. Doi: 

https://doi.org/10.32628/CSEIT25442 

93. Mbonu IS, Iwuanyanwu U, Aliliele C, Uzoka E. 

Advances in cloud identity and access governance 

optimization in large scale AWS enterprise 

environments. Shodhshauryam, International Scientific 

Refereed Research Journal. 2022b; 5(3):403-438. Doi: 

https://doi.org/10.32628/SHISRRJ225490 

94. Nnaji N, Akinlolu VS. Reducing decision delays 

through real-time health informatics and performance 

analytics. International Journal of Scientific Research in 

Computer Science, Engineering and Information 

Technology, 2022. 

95. Nnaji N, Akinlolu VS. Addressing productivity and 

workflow inefficiencies using analytics-driven 

performance models in healthcare operations. 

Shodhshauryam, International Scientific Refereed 

Research Journal, 2023. 

96. Obogo SF, Arumosoye OM, Obriki OD. Advances in 

internal QHSE audit systems for industrial engineering 

operations. Iconic Research and Engineering Journals. 

2020a; 4(4):399-417. Doi: 

https://doi.org/10.64388/IREV4I4-1715499 

97. Obogo SF, Arumosoye OM, Obriki OD. Advances in 

proactive hazard recognition and near miss reporting 

systems. International Journal of Multidisciplinary 

Research and Growth Evaluation. 2021; 2(6):835-846. 

Doi: https://doi.org/10.54660/IJMRGE.2021.2.6.835-

846 

98. Obriki OD, Arumosoye OM. Conceptual modeling of 

data-driven occupational safety risk control in large-

scale energy infrastructure projects. Iconic Research 

and Engineering Journals. 2018; 1(7):169-189. Doi: 

https://doi.org/10.64388/IREV1I7-1714414 

99. Obriki OD, Arumosoye OM. Conceptual framework for 

proactive hazard identification using digital safety data 

streams. Gyanshauryam, International Scientific 

Refereed Research Journal. 2023; 6(3):457-481. Doi: 

https://doi.org/10.32628/GISRRJ236336 

100. Obriki OD, Arumosoye OM, Obogo SF. Advances in 

continuous hazard monitoring systems for workplace 

safety. International Journal of Advanced 

Multidisciplinary Research and Studies. 2023; 

3(6):2742-2759. Doi: 

https://doi.org/10.62225/2583049X.2023.3.6.6075 

101. Obriki OD, Obogo SF, Arumosoye OM. Review of 

emergency preparedness and evacuation systems in 

high density commercial buildings. Gyanshauryam, 

International Scientific Refereed Research Journal. 

2022b; 5(6):411-438. Doi: 

https://doi.org/10.32628/GISRRJ225640 

102. Odejobi OD, Ahmed KS. Performance evaluation 

model for multi-tenant Microsoft 365 deployments 

under high concurrency. IRE Journals. 2018b; 1(11):92-

107. 

103. Odejobi OD, Hammed NI, Ahmed KS. Approximation 

complexity model for cloud-based database 

optimization problems. IRE Journals. 2019; 2(9):1-10. 

104. Ogbete JC, Aminu-Ibrahim AY, Ambali KB. 

Optimizing laboratory spatial planning strategies to 

improve diagnostic accuracy, safety, and clinical 

throughput. Iconic Research and Engineering Journals. 

2018; 2(1):87-113. Doi: 

https://doi.org/10.64388/IREV1I7-1713587 

105. Ogbete JC, Aminu-Ibrahim AY, Ambali KB. 

Regulatory compliant design systems for molecular and 

pathology laboratories in highly controlled 

environments. Iconic Research and Engineering 

Journals. 2019; 3(4):607-631. Doi: 

https://doi.org/10.64388/IREV3I4-1713589 

106. Ogbete JC, Aminu-Ibrahim AY, Ambali KB. 

Sustainable materials selection and energy efficiency 

strategies for modern medical laboratory facilities. 

International Journal of Multidisciplinary Research and 

Growth Evaluation. 2020; 1(5):674-690. Doi: 

https://doi.org/10.54660/IJMRGE.2020.1.5.674-690 

107. Ogbete JC, Aminu-Ibrahim AY, Ambali KB. Risk 

managed construction strategies for complex and highly 

regulated healthcare facility developments. International 

Journal of Scientific Research in Computer Science, 

Engineering and Information Technology. 2021; 

7(5):362-392. Doi: 

https://doi.org/10.32628/CSEIT217561 

108. Ogbete JC, Aminu-Ibrahim AY, Ambali KB. Design 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

3256 

standards and operational planning frameworks for 

scalable blood collection networks. Gyanshauryam, 

International Scientific Refereed Research Journal. 

2022; 5(6):267-300. Doi: 

https://doi.org/10.32628/GISRRJ225635 

109. Ogbete JC, Aminu-Ibrahim AY, Ambali KB. Lifecycle 

performance evaluation of purpose built diagnostic 

laboratories supporting long term healthcare delivery. 

International Journal of Advanced Multidisciplinary 

Research and Studies. 2023; 3(6):2605-2621. Doi: 

https://doi.org/10.62225/2583049X.2023.3.6.5698 

110. Ogunboye I, Adebayo IPS, Anioke SC, Egwuatu EC, 

Ajala CF, Awuah SB. Enhancing Nigeria\'s health 

surveillance system: A data-driven approach to 

epidemic preparedness and response. World Journal of 

Advanced Research and Reviews, 2023. 

111. Ohunyon G, Ayinde M, Ojukwu PU. The impact of 

multidisciplinary collaboration on patient outcomes in 

emergency departments. International Journal of 

Advanced Multidisciplinary Research and Studies. 

2023; 3(6):2727-2741. Doi: 

https://doi.org/10.62225/2583049X.2023.3.6.6029 

112. Ojukwu J, Oyesiji SO, Nwakamma S. Cyber-physical 

ransomware defense in operational technology using 

physics-informed detection, digital twins, network 

telemetry, and resilient recovery. International Journal 

of Computer Science and Mathematical Theory. 2023; 

9(5):193-228. Doi: 

https://doi.org/10.56201/ijcsmt.v9.no5.2023.pg193.228 

113. Okwah MN. Integrating triglyceride-glucose index and 

echocardiographic parameters for improved 

cardiovascular risk stratification in Sub-Saharan Africa. 

International Journal of Cardiology. 2022; 1(2):1-16. 

Doi: https://doi.org/10.34218/IJC_01_02_001 

114. Olorunkosebi MT, Ayinde MK, Mensah GK. 

Integrating artificial intelligence and advanced 

biosensors for rapid and sensitive detection of 

antimicrobial resistant foodborne pathogens. Journal of 

Advances in Microbiology Research. 2023; 4(2):175-

182. Doi: 

https://doi.org/10.22271/micro.2023.v4.i2b.293 Office 

Administration, Secretarial Practice, and Workplace 

Ethics 

115. Oluwadele JF, Tawose OM, Ekeocha AH, Akinlabi EY, 

Adeitan OO, Bello KA. Physiological indicators and 

stress index of scavenging chickens at LAFARGE 

(Ewekoro) and DANGOTE (Ibese) cement factory 

areas of Ogun State, Nigeria. Journal of Austrian 

Society of Agricultural Economics. 2023; 19(4). 

https://www.sagepublisher.com/volume/JASAE/19/04 

116. Omaghomi TT, Akinlolu VS, Fapohunda M. A 

governance-driven framework for improving workforce 

planning and nurse-patient ratio optimization in public 

hospitals. Multidisciplinary Journal of Educational 

Research. 2023; 4(6):1357-1368. 

117. Omaghomi TT, Fapohunda M, Akinlolu VS. 

Multidimensional framework for strengthening 

infection prevention and control (IPC) compliance in 

tertiary hospitals. Multidisciplinary Global 

Environment Journal. 2022; 3(6):888-896. 

118. Ominyi M. Developing a conceptual framework for 

post-merger compliance integration in multi-

jurisdictional banking transaction. IIARD International 

Journal of Banking and Finance Research. 2020; 

6(3):78-95. Doi: 

https://doi.org/10.56201/ijbfr.vol.6.no3.2020.pg78.95 

119. Ominyi M. Toward a conceptual framework for 

embedding privacy by design in corporate restructuring 

and transaction structuring. Journal of Accounting and 

Financial Management. 2021; 7(5):152-173. Doi: 

https://doi.org/10.56201/jafm.vol.7.no5.2021.p152.173 

120. Ominyi M, Anichukwueze CC. A review of regulatory 

clearance frameworks for cross-border mergers and 

acquisitions in African financial markets. Journal of 

Accounting and Financial Management. 2020; 6(4):73-

99. Doi: 

https://doi.org/10.56201/jafm.vol.6.no4.2020.pg73.99 

121. Ominyi M, Anichukwueze CC. A systematic review of 

anti-money laundering and anti-bribery compliance 

regimes across emerging and developed markets. 

International Journal of Economics and Financial 

Management. 2021; 6(2):89-118. Doi: 

https://doi.org/10.56201/ijefm.v6.no2.2021.pg89.118 

122. Ominyi M, Anichukwueze CC. A conceptual 

framework for harmonizing data protection compliance 

across GDPR, NDPR, and United States privacy 

regimes. International Journal of Social Sciences and 

Management Research. 2022a; 8(5):148-174. Doi: 

https://doi.org/10.56201/ijssmr.v8.no5.2022.pg148.174 

123. Ominyi M, Anichukwueze CC. Reviewing greenhouse 

gas disclosure and ESG compliance obligations for 

energy and infrastructure enterprises under evolving 

regulatory regimes. International Journal of Economics 

and Financial Management. 2022b; 7(6):94-124. Doi: 

https://doi.org/10.56201/ijefm.v7.no6.2022.pg94.124 

124. Ominyi M, Anichukwueze CC. A review of algorithmic 

accountability and model risk management approaches 

in financial services. Journal of Accounting and 

Financial Management. 2023; 9(12):218-238. Doi: 

https://doi.org/10.56201/jafm.v9.no12.2023.pg218.238 

125. Onche VO, Ogbonna CS. Password practices, 

authentication behaviour, and data-protection 

compliance among secretarial professionals in higher 

education. International Journal of Multidisciplinary 

Research and Growth Evaluation. 2022; 3(6):1001-

1015. Doi: 

https://doi.org/10.54660/.IJMRGE.2022.3.6.1001-1015 

126. Onche VO, Adegbite MP, Ogbonna CS. BYOD 

adoption and information-security risk in university 

administrative offices: Evidence from Nigerian federal 

universities. International Journal of Multidisciplinary 

Research and Growth Evaluation. 2023; 4(6):1549-

1563. Doi: 

https://doi.org/10.54660/.IJMRGE.2023.4.6.1549-1563 

127. Onche VO, Ogbonna CS, Adegbite MP. Information-

security awareness and records confidentiality in 

Nigerian university registries: A behavioural 

assessment. International Journal of Multidisciplinary 

Research and Growth Evaluation. 2020; 1(5):1032-

1044. Doi: 

https://doi.org/10.54660/.IJMRGE.2020.1.5.1032-1044 

128. Oparah OS, Ezeh FE, Olatunji GI, Ajayi OO. AI-based 

risk stratification framework for large-scale public 

health emergency preparedness and response planning. 

International Journal of Scientific Research in 

Computer Science, Engineering and Information 

Technology. 2021; 7(1):332-366. 

129. Oparah OS, Ezeh FE, Olatunji GI, Ajayi OO. Big data-

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

3257 

enabled predictive models for anticipating infectious 

disease outbreaks at population and regional levels. 

International Journal of Advanced Multidisciplinary 

Research and Studies, 2022. 

130. Oparah OS, Ezeh FE, Olatunji GI, Ajayi OO. 

Framework for designing national real-time disease 

surveillance dashboards for public health stakeholders. 

Shodhshauryam, International Scientific Refereed 

Research Journal. 2023; 6(1):208-227. 

131. Orise C, Niniola S. Data-informed digital learning 

platforms: A conceptual framework for evidence-based 

educational technology in healthcare and STEM 

environments. International Journal of Multidisciplinary 

Research and Growth Evaluation. 2020; 1(5):1078-

1089. Doi: 

https://doi.org/10.54660/.IJMRGE.2020.1.5.1078-1089 

132. Orise C, Niniola S. Real-time analytics for educational 

excellence: A conceptual framework for performance 

dashboards in health professional training. International 

Journal of Scientific Research in Computer Science, 

Engineering and Information Technology. 2022; 

8(2):802-815. 

133. Orise C, Niniola S. Privacy, safeguarding, and ethical 

data practices in healthcare EdTech: A conceptual 

model for compliance and trust. Shodhshauryam, 

International Scientific Refereed Research Journal. 

2023; 6(1):507-529. 

134. Oshoba TO, Hammed NI, Odejobi OD. Secure identity 

and access management model for distributed and 

federated systems. IRE Journals. 2019; 3(4):550-567. 

135. Oshoba TO, Hammed NI, Odejobi OD. Blockchain-

enabled compliance and audit trail model for cloud 

configuration management. Journal of Frontiers in 

Multidisciplinary Research, 1(1), 193-201. Artificial 

Intelligence in Education, Learning, and Digital Health, 

2020. 

136. Owoade OA, Moneke KC, Anioke SC. Leveraging 

business intelligence to optimize resource allocation in 

mental health and substance abuse centers. Journal of 

Scientific and Engineering Research. 2022; 9(12):210-

235. 

137. Oyeleye AO, Eyetsemitan RA, Ambali KB, Fadayomi 

O. Reducing client onboarding cycle time in small 

professional services firms: A Lean Six Sigma process 

redesign framework. Gyanshauryam, International 

Scientific Refereed Research Journal. 2022; 5(2):467-

498. Doi: https://doi.org/10.32628/GISRRJ225357 

Financial Fraud, Audit, and Risk Analytics 

138. Oyesiji SO, Nwakamma S, Ojukwu J. Parameter-

efficient multilingual adaptation of on-device language 

models: A survey. International Journal of Engineering 

and Modern Technology. 2023; 9(3):287-320. Doi: 

https://doi.org/10.56201/ijcsmt.v9.no3.2023.pg287.320 

139. Papan C, Sidorov S, Greiter B, Buhler N, Berger C, 

Becker SL, et al. Combinatorial host-response 

biomarker signature (BV score) and its subanalytes 

TRAIL, IP-10, and C-reactive protein in children with 

Mycoplasma pneumoniae community-acquired 

pneumonia. Journal of Infectious Diseases, 2023. Doi: 

https://doi.org/10.1093/infdis/jiad573 

140. Poore GD, Kopylova E, Zhu Q, et al. Microbiome 

analyses of blood and tissues suggest cancer diagnostic 

approach. Nature. 2020; 579:567-574. 

141. Powell MZ, Mara KC, Bansal R, Hathcock MA, 

Khurana A, Bennani NN, et al. Procalcitonin as a 

biomarker for predicting bacterial infection in chimeric 

antigen receptor T-cell therapy recipients. Cancer 

Medicine. 2023; 12:9228-9235. Doi: 

https://doi.org/10.1002/cam4.5665 

142. Sato S, Nakamura Y, Oki E, et al. Molecular residual 

disease-guided adjuvant treatment in resected colorectal 

cancer: Focus on CIRCULATE-Japan. Clinical 

Colorectal Cancer. 2023; 22(1):53-58. 

143. Shittu H, Nabil M. Smart supply chain management 

with attribute-based encryption access control. In 2023 

IEEE 13th Annual Computing and Communication 

Workshop and Conference (CCWC) (pp. 198-204). 

IEEE, 2023. Doi: 

https://doi.org/10.1109/CCWC57344.2023.10099268 

UAV, GIS, and Infrastructure Corridor Monitoring 

144. Singer M, Deutschman CS, Seymour CW, et al. The 

Third International Consensus Definitions for Sepsis 

and Septic Shock (Sepsis-3). JAMA. 2016; 315(8):801-

810. 

145. Stas J, Arias CA, Bachur R, et al. TRAIL, IP-10, CRP 

host-protein signature score distinguishes between viral 

and bacterial infection in sepsis patients. JAC-

Antimicrobial Resistance. 2022; 4(Suppl 

2):dlac052.002. Doi: 

https://doi.org/10.1093/jacamr/dlac052.002 

146. Tawose OM, Oluwadele JF, Ekeocha AH, Odumboni 

AA, Egbeyemi OS. Aflatoxin detection and 

quantification in poultry feeds available in selected 

areas in Ekiti State. FUOYE Journal of Agriculture and 

Human Ecology. 2023; 7(2). Doi: 

https://doi.org/10.62923/fuojahe.v7i2.302 Agricultural 

Machinery and Process Engineering 

147. Tsalik EL, Jaggi S, Bonomo RA, Fowler VG, Jr. 

Ginsburg GS, Petzold E, et al. Impact on patient 

management of a novel host response test for 

distinguishing bacterial and viral infections: Real world 

evidence from the urgent care setting. Biomedicines. 

2023; 11(5):1498. Doi: 

https://doi.org/10.3390/biomedicines11051498 

148. Turgman O, Schinkel M, Wiersinga WJ. Host response 

biomarkers for sepsis in the emergency room. Critical 

Care. 2023; 27:97. Doi: https://doi.org/10.1186/s13054-

023-04367-z 

http://www.multiresearchjournal.com/

