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ABSTRACT

Background: The physical architecture of university campuses is increasingly recognized to influence the health,
cognitive performance, and psychological well-being of students and staff. In Nigerian public universities, deteriorating
infrastructure, inadequate ventilation, poor water and sanitation systems, and limited green spaces are thought to
amplify the burden of communicable disease and poor mental well-being. Evidence on which design features matter
for health on Nigerian university campuses has not been mapped.

Aims: This scoping review aimed to (1) map the evidence linking architectural and built-environment features to health
and well-being outcomes in educational settings; (2) classify that evidence by origin (Nigeria, other sub-Saharan Africa,
or elsewhere); and (3) derive prioritised, context-appropriate recommendations for Nigerian public universities.

Methods: A scoping review was conducted in accordance with the PRISMA Extension for Scoping Reviews (PRISMA-
ScR) guidelines to identify and select relevant literature published between 2015 and 2025. Literature was retrieved
from PubMed, Scopus, Web of Science, and Google Scholar. A total of 86 sources that met the predefined eligibility
criteria were included and synthesised thematically. The evidence was further categorised by geographical origin:
Nigeria, other sub-Saharan African countries, and regions beyond sub-Saharan Africa.

Results: Studies from non-Nigerian settings, mainly schools and hospitals, associate natural ventilation, green space,
improved water, sanitation and hygiene (WASH), and house screening with fewer infections or better mental well-
being. Nigerian university data were largely absent. Explicit health-related design standards appear lacking in Nigerian
regulation.

Conclusion: Health-focused design is a plausible but largely untested strategy for Nigerian universities. Priority should
go to low-cost measures with the strongest regional support (WASH, passive ventilation), with local measurement and
piloting before standards are mandated. Limitations include no study-level appraisal.

Keywords: Health-promoting architecture; Indoor environmental quality; Water, Sanitation and Hygiene (WASH);
University built environment; Student health and well-being.
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1. Introduction

University campuses are unique ecosystems in which thousands of people live, learn and interact within confined built
spaces for extended periods. Their architectural configuration, including spatial layout, ventilation, materials,
sanitation and the integration of natural elements, has implications for infection risk and psychosocial well-being
(WHO, UNICEF & UNESCO, 2023; Udomiaye, 2020), but attention to these links in sub-Saharan African higher
education appears limited.

Nigeria has one of Africa’s largest and fastest-expanding university systems: in 2023 the National Universities
Commission reported 222 universities, 111 public (50 federal and 61 state) and 111 private (National Universities
Commission [NUC], 2023a). These institutions are widely reported to face chronic underfunding, overcrowded lecture
theatres (Oteniya et al., 2023), poorly maintained hostels (Yakub & Zaid, 2017) and inadequate water and sanitation
(Nnaji, 2023, a survey of schools); evidence on green space on Nigerian campuses was not identified. These
deficiencies are likely to affect health through respiratory and gastrointestinal infections, meningococcal outbreaks,
poor mental health and reduced academic performance, although direct measurements in Nigerian university students
are scarce.

Evidence-based design (EBD), which originated in healthcare facility planning, uses health-outcomes research to
inform the layout and material specification of buildings, and interest in applying it to educational settings is growing
(Brambilla et al., 2019). Its application within African higher education appears under-documented, a premise this
review tests: it remains unclear which interventions shown to affect disease transmission and well-being elsewhere
are applicable, adaptable or absent in the Nigerian public university evidence base, and what direct Nigerian evidence
exists.

This review maps global and regional evidence on health-promoting architectural design and classifies it by
geographic origin to indicate how far it can inform Nigerian public universities. Prior reviews have examined green
space and student mental health (Yang et al., 2022; Ribeiro et al., 2024; Aghabozorgi et al., 2024) and indoor air quality
in schools (Sadrizadeh et al., 2022; Shree et al., 2024; Lazzara et al., 2026), but, to our knowledge, none has assembled
this evidence for Nigerian higher education or classified it by origin. “Health-promoting architecture” means deliberate
design of the built environment (ventilation, layout, materials, sanitation and nature integration) to prevent disease
and support well-being, and “public university settings” include lecture halls, hostels, laboratories, clinics, canteens
and open spaces. Given the sparsity of Nigeria-specific studies, the broader evidence is a necessary starting point,
provided that transferability is made explicit rather than assumed.

2. Theoretical Framework

Evidence-Based Design in Built Environments

Evidence-Based Design (EBD) holds that the physical environment of any occupied building can be deliberately
configured to improve health-related outcomes. Since its formalisation in the 1990s, EBD research has associated
spatial organisation, daylight, ventilation, acoustics, materials and access to nature with occupant health, stress,
recovery and cognitive performance (Ulrich, 1984; Ulrich et al., 2008; Brambilla et al., 2019; see also Liu, 2024; Deemer
& Hercules, 2024). Interest has grown in applying EBD beyond healthcare, although most empirical work remains
healthcare-based; Cho (2023), for example, surveyed designers on therapeutic criteria in healthcare facilities but
measured no occupant outcomes. The WHO health-promoting schools concept likewise treats the physical
environment, including water, sanitation and hygiene, as a determinant of student health (World Health Organisation,
& United Nations Educational, Scientific and Cultural Organisation, 2021; Macnab et al., 2014), and the Okanagan
Charter for Health Promoting Universities and Colleges (2015) extends this healthy-settings approach to campuses.
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Salutogenic Design Philosophy

The salutogenic model (Antonovsky, 1979, 1987), later expanded in architectural discourse, shifts design attention
from removing hazards to creating salutary conditions. In educational buildings it seeks spaces that enhance
comprehensibility, manageability and meaningfulness while supporting comfort, social interaction and psychological
well-being, through spatial clarity, daylight, ventilation and the mitigation of stressors such as noise and thermal
discomfort (Lauria et al., 2020, a design proposal; Minhas & Nair, 2022, a practice guide; Lee & Kim, 2026, a single case
study; see also Albatici et al., 2026; Golembiewski, 2022; Roskams & Haynes, 2020; Dilani & Armstrong, 2008).

The Results draw on three mechanisms: Stress Reduction Theory (Ulrich, 1984), in which nature exposure
reduces physiological stress; Attention Restoration Theory (Kaplan & Kaplan, 1989), in which nature restores directed
attention; and exposure—pathway reasoning for infection, in which ventilation, occupancy density and sanitation
determine the dose and route of pathogen exposure. Together these link design features to exposure pathways and
health outcomes, moderated by Nigerian context factors such as climate, maintenance and resourcing.

Applied to Nigerian public universities, salutogenic design calls for the proactive creation of health-supporting
environments, but because basic hazards in water, sanitation, ventilation and overcrowding remain unresolved
(Section 5.5.3), it is best sequenced alongside, rather than instead of, remediation.

3. Methodology

Review Design

This study was a scoping review following the PRISMA extension for scoping reviews (PRISMA-ScR; Tricco et al., 2018)
and the Arksey and O’Malley (2005) framework. A scoping design suited evidence spanning several disciplines
(architecture, epidemiology, environmental health, psychology) and study designs, and the aim was to map the extent
and origin of the evidence and identify gaps rather than estimate effects or rate certainty. Consistent with this
methodology, no formal risk-of-bias or quality appraisal was undertaken and no protocol was registered; sources were
instead characterised by design and setting (Table 2), and the geographic origin of the evidence for each theme is
reported in the Results. The completed PRISMA-ScR checklist is provided as supplementary material.

Search Strategy

Four databases (PubMed, Scopus, Web of Science and Google Scholar) were searched for literature published between
January 2015 and February 2025, supplemented by grey literature retrieved from the repositories of the World Health
Organisation (WHO), UNICEF, the Nigerian National Universities Commission (NUC), the Nigeria Centre for Disease
Control (NCDC) and the Tertiary Education Trust Fund (TETFund) using the terms below and the criteria in Section 3.3.

» o«

Search terms were organised around four clusters: built environment (“health-promoting architecture,” “evidence-

” o« ” o

based design,” “biophilic design,” “salutogenic design,” “indoor environmental quality”); health outcomes (“disease

” o

prevention,” “infection control,” “mental well-being,

” o« ” u

respiratory infection,” “communicable disease”); infrastructure

» u,

systems (“WASH infrastructure,” ventilation, “water sanitation hygiene,” “vector control,” “indoor air quality”); and

” o« ” o«

setting (“learning environments,” “university campuses,” “higher education,” “Nigerian universities,” “sub-Saharan
Africa”). Terms were combined with OR within and AND between clusters, adapted to each database, and searches

were run on 4 August 2026.
Eligibility Criteria

Inclusion criteria: peer-reviewed articles, systematic or scoping reviews and authoritative grey literature published
2015-2025, in English, addressing architectural, spatial or built-environment determinants of health, disease
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transmission or psychological well-being in educational institutions; indirect evidence from healthcare, residential,
retail or office settings judged to address a mechanism relevant to occupied educational or residential buildings
(labelled as indirect); or the Nigerian or other sub-Saharan African higher-education infrastructural context. Exclusion
criteria: no identifiable link between built-environment variables and a health or well-being outcome; opinion pieces,
editorials and non-peer-reviewed blog content without an evidence base; duplicates and conference abstracts with a
full version available; and pre-2015 studies unless foundational to the theoretical framework (e.g., Antonovsky,
Wilson). Theoretical foundations, editorials, commentaries, a conference abstract and a preprint retained for context
are cited but not counted among the included sources.

Study Selection Process

The search returned 412 records. After removal of duplicates (n = 67), 345 were screened by title and abstract and 198
excluded as irrelevant to the built-environment or health-outcome dimension. Of 147 full-text articles assessed, 61
were excluded (no clear health outcome measure, insufficient reporting detail or redundancy), leaving 86 sources for
synthesis (Table 1). The author screened at both stages, with a second reviewer independently screening a 20%
sample; disagreements were resolved by consensus, with unresolved cases referred to a third reviewer.

Table 1. Flow of records through study identification, screening, and selection (PRISMA-ScR).

Stage N

Records identified through database searching (PubMed, Scopus, Web of Science, Google 412
Scholar) and grey literature (WHO, UNICEF, NUC, NCDC, TETFund)

Duplicate records removed 67

Records screened by title and abstract 345

Records excluded at title/abstract screening (not relevant to built-environment or health- 198
outcome dimension)

Full-text articles assessed for eligibility 147

Full-text articles excluded (no clear health-outcome measure, insufficient reporting 61
detail, or redundancy)

Sources included in synthesis 86

Data Extraction and Thematic Synthesis

Extracted data comprised study design, setting, architectural variable(s), health or well-being outcome and key
findings. Given methodological heterogeneity, thematic synthesis rather than meta-analysis was used: data were
coded inductively, grouped into themes and cross-checked against the theoretical framework, and each source was
classified by the geographic origin of its evidence (Nigeria; other sub-Saharan Africa; or extrapolated from outside sub-
Saharan Africa) and setting (university, school, healthcare facility or other). Five themes structure the Results: (1)
indoor environmental quality and disease/cognitive risk; (2) biophilic design and mental well-being; (3) WASH and
communicable disease prevention, with architectural malaria control as a sub-theme; (4) architectural infection
prevention and control; and (5) the Nigerian public university context, drawn from institutional documents rather than
included studies.

Limitations of the Methodology

Limitations common to scoping reviews apply. No effects were pooled and quality was not appraised, so certainty
could not be graded. The search was restricted to English; Embase, CINAHL and African Journals Online were not
searched; Google Scholar results are not fully reproducible; and the search window ended in February 2025 although
searches were run in August 2026. Screening was largely by one reviewer (a second checked 20%), with no
independent verification of data extraction. Direct Nigerian campus data are sparse, so international evidence was
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extrapolated without local validation, and many sources report surrogate outcomes (for example CO, level, mosquito
density and perceived restorativeness) rather than disease in university populations; several are conceptual, non-peer-
reviewed or from healthcare, retail or rural-housing settings, which may introduce publication, language and citation-
chasing bias.

4. Results

Consistent with the Methodology (Section 3.5), the evidence underpinning each theme below is characterised by its
geographic origin: evidence generated directly within Nigeria; evidence from other Sub-Saharan African settings; and
evidence extrapolated from global (typically high-income, non-African) studies. Table 2, available on the Zenodo
Repository at https://doi.org/10.5281/zenodo0.23688163, summarizes the design, setting, architectural factor, and
health outcome reported by all included sources.

Indoor Environmental Quality, Ventilation, and Disease Risk

The literature associates indoor environmental quality (IEQ) with health and performance in educational settings
(Brink et al., 2021; Sadrizadeh et al., 2022; Shree et al., 2024; Toyinbo, 2023; Di Loreto et al., 2025; Ferraz et al., 2026).
Ventilation, indoor pollutants and thermal comfort were reported as interrelated factors associated with
communicable disease transmission, cognitive performance, absenteeism and productivity (Brink et al., 2021; Grassie
et al,, 2025). Overcrowded, poorly ventilated rooms allow airborne pathogens such as Mycobacterium tuberculosis,
influenza viruses and SARS-CoV-2 to accumulate as aerosols (Elsaid & Ahmed, 2021), whereas Neisseria meningitidis
spreads mainly by respiratory droplets and close, prolonged contact, as in crowded hostels.

Carbon dioxide (CO;) can serve as a practical indicator of ventilation adequacy. A university classroom study
examined associations between indoor air exposures, including CO,, and cognitive test scores (Dedesko et al., 2025),
but these are associational findings and a critical review described the evidence at typical indoor concentrations as
inconsistent (Du et al., 2020). Pulimeno et al. (2020) advocated CO, below 1,000 ppm and at least 15 L/s of fresh air
per occupant, which are guideline values for schools in temperate climates, not evidence of effect in naturally
ventilated tropical lecture halls. Indoor pollutants, including volatile organic compounds, particulate matter,
formaldehyde and mould, were repeatedly associated with Sick Building Syndrome (headaches, respiratory irritation,
fatigue and reduced productivity) (Brink et al., 2021; Fisk et al., 2019; Kabirikopaei et al., 2021; Mannan & Al-Ghamdi,
2021; Niza et al., 2024), and thermal comfort was similarly implicated (Grassie et al., 2025), although fixed thresholds
from temperate climates may not apply to naturally ventilated tropical buildings.

Evidence-origin note: this evidence is predominantly from non-Nigerian, high- and middle-income settings (e.g.,
Egypt, Italy, China); it is directionally consistent but ungraded, and direct confirmation from Nigerian lecture halls is
not currently available.

Biophilic Design, Green Spaces, and Mental Well-Being

The reviewed literature associates biophilic design and campus green space with better student mental well-being
(Yang et al., 2022; Ribeiro et al., 2024), and a general built-environment review reached similar conclusions for plants
and biophilic elements (Gaekwad et al., 2022). Nature-integrated features, including indoor vegetation, daylight, green
walls, landscape views and water elements, were associated with lower perceived stress, better attention and
restoration, and fewer anxiety and depression symptoms, although many outcomes were self-reported. Ribeiro et al.
(2024) reported that access to well-maintained green environments was associated with lower anxiety, depression,
perceived stress and emotional exhaustion, and Browning and Determan (2024) reported that biophilic strategies in
schools are associated with reduced stress, improved mood, lower absenteeism and enhanced learning outcomes.
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Gulwadi et al. (2019), in a cross-sectional study in Turkey and the USA, related greenness around academic
buildings to students’ perceived restorativeness, and a Malaysian campus study, a tropical setting, linked perceived
sensory qualities of green space with restoration and mental health (Malekinezhad et al., 2020). Studies from the USA
and elsewhere likewise link nature-based interventions and biophilic design with student well-being (DelLauer et al.,
2022; Rakow & Ibes, 2022; Abu Omar et al., 2026; Li et al., 2025).

Evidence-origin note: this evidence is non-Nigerian, largely cross-sectional or perception-based, and no
reviewed study measured these effects on a Nigerian university campus.

WASH Infrastructure and Communicable Disease Prevention

Inadequate water, sanitation and hygiene (WASH) is a well-recognised driver of enteric disease in educational settings
in low-resource contexts (WHO, UNICEF & UNESCO, 2023; Morgan et al., 2017), consistent with studies of school
WASH in sub-Saharan Africa and low- and middle-income countries (Achi et al., 2025; Ngcongo & Tekere, 2025;
Abdullahi et al., 2025; Seroney et al., 2025) and of health-facility WASH during COVID-19 (Kanyangarara et al., 2021).
Nigerian evidence is largely indirect: deficient school WASH in Enugu State (Nnaji, 2023), WASH-associated
malnutrition among under-five children in an Ibadan slum (Aleru et al., 2023) and poor toilet functionality in Ibadan
motor parks (Adedayo et al., 2023, preprint). Studies from Nigerian university hostels are few and mostly address
occupancy density, hostel management and menstrual-waste facilities (Adegoke, 2014; Idiang et al., 2022; Yakub &
Zaid, 2017; Ikogho & Onoharigho, 2025); none measured WASH-related disease among Nigerian university students.

Architectural malaria control is a distinct sub-theme whose evidence comes mainly from rural housing. A
Cochrane review found that house screening probably reduces malaria infection (Furnival-Adams et al., 2021); field
studies in rural Gambia and Mozambique examined house designs for reducing mosquito entry and density (Jatta et
al., 2018; Jawara et al., 2018; Francisco & Watanabe, 2024); and a cluster-randomised trial of a sustainable house
design for child health in rural Africa has been reported (Mshamu et al., 2026; protocol: Mshamu et al., 2022). An
architects’ survey identified screened windows, ceiling boards, improved drainage, raised floors and elimination of
stagnant water as perceived effective features (Chisumbe et al., 2024). These findings matter given Nigeria’s large
share of global malaria cases (WHO, 2023), but their transferability to university hostels is untested.

Evidence-origin note: WASH evidence is regional and indirect, with no included study measuring WASH-related
disease among Nigerian university students; malaria-control evidence is from rural housing and untested in university
hostels.

Architectural Strategies for Infection Prevention and Control

Architectural design may contribute to infection prevention and control as a non-pharmaceutical measure. Healthcare
case-study evidence proposes that overcrowded rooms, poorly ventilated corridors and inefficient circulation facilitate
spread, whereas improved circulation, cross-ventilation, reduced density and flexible spaces may reduce transmission
risk (Lesan et al., 2021; tukasik & Porebska, 2022). Copper surfaces have shown promise: a randomised trial in US
intensive care rooms associated copper-alloy surfaces with lower rates of a combined outcome of healthcare-
associated infection and MRSA/VRE colonisation (Salgado et al., 2013), and hospital studies report antimicrobial
activity or reduced bioburden (Bryce et al., 2022; Idelevich et al., 2025), but systematic reviews report limited or low-
certainty evidence of fewer infections (Albargouni et al., 2020; Aill6n-Garcia et al., 2023). COVID-19 prompted wider
discussion of natural ventilation, outdoor learning, touch-free fixtures and real-time air quality monitoring, mostly
from hospital evidence (Sherif & Iskandar, 2025).

Evidence-origin note: this evidence is wholly non-Nigerian and largely from healthcare or high-income settings;
its extension to Nigerian university buildings is untested extrapolation (Section 5.5.2).
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Application to the Nigerian Public University Context

Nigerian public universities are portrayed as facing severe infrastructural deficiencies, including overcrowding,
deteriorating buildings, inadequate sanitation, poor ventilation and unreliable water, although the sources are
institutional reports and a school survey rather than university measurements (National Universities Commission,
2023b; Nnaji, 2023). No Nigerian student health-outcome data on respiratory infection, malaria, gastrointestinal
disease, meningitis or mental health were identified, so the link to student health is inferred. The tropical climate is
said to offer opportunities for passive design (cross-ventilation, rainwater harvesting, solar energy, thermal mass,
shaded courtyards, indigenous principles), as discussed for healthcare facilities (Udomiaye, 2020), but passive-design
studies in Nigerian educational buildings were not identified, and Nigerian regulation may lack explicit health-related
design requirements, which has not been verified (Section 5.5.1).

Evidence-origin note: unlike the other contexts, the application to the Nigerian Public University rests on
Nigerian institutional and policy documents rather than empirical outcome studies and is contextual background, not
independent confirmation.

5. Discussion

Indoor Environmental Quality: Ventilation, Air Quality, and Disease Risk

Ventilation adequacy and communicable disease transmission are linked mainly in school and healthcare evidence:
overcrowded, poorly ventilated rooms let airborne pathogens persist as aerosols (Elsaid & Ahmed, 2021), and scoping
reviews associate poor ventilation in educational buildings with absenteeism, reduced cognitive performance and
respiratory symptoms (Grassie et al., 2025; Ezeamii et al., 2025), though university and naturally ventilated tropical
evidence is limited. A case study at one Egyptian university reported CO, of 1,071 ppm in a poorly ventilated lecture
hall against 713 ppm in a naturally ventilated one (Sabry Elattar et al., 2025), but a level only marginally above 1,000
ppm is weak evidence of health risk. No Nigerian lecture-hall CO, measurements were identified, so conditions there
are unknown (open natural ventilation may keep CO, low even at high occupancy), and low-cost CO, monitoring is a
research priority. Wargocki et al. (2020) linked higher classroom ventilation rates (about 10 L/s per person as a
benchmark, which differs from the 15 L/s in Section 4.1) to better performance among schoolchildren; these are
guideline-type values, not evidence for university students. Oteniya et al. (2023) document mismatches between
enrolment and teaching-space capacity in Nigerian higher institutions; the respiratory implication is our unmeasured
inference.

Beyond CO,, indoor air is compromised by volatile organic compounds, particulate matter, formaldehyde and
mould (Brink et al., 2021; Kabirikopaei et al., 2021). Sabry Elattar et al. (2025) reported formaldehyde and nitrogen
dioxide in university lecture halls above reference values (for nitrogen dioxide, see WHO, 2021) and linked them to
interior finishes, but a case study of few halls cannot establish strong correlations, and pollutant burdens in Nigerian
university buildings are unmeasured. In the tropics, thermal comfort through orientation, shading, cross-ventilation
and thermal mass is expected to matter, but adaptive comfort models, not temperate thresholds, suit naturally
ventilated buildings; Nigerian climate data (for example from NiMet) and lecture-hall surveys were not identified.
Passive solar strategies (orientation to prevailing winds, eaves, high ceilings for stack ventilation, thermal mass) may
suit Nigeria with lower energy needs than mechanical cooling, though maintenance involves recurrent costs
(Udomiaye, 2020, a healthcare-facility study).

Biophilic Design, Green Spaces, and Mental Well-Being

Biophilic design, the intentional incorporation of natural elements and processes into buildings, rests on Wilson’s
(1984) biophilia hypothesis of an innate human affinity with other life forms, which remains a hypothesis rather than
an established mechanism; Stress Reduction Theory (Ulrich, 1984) and Attention Restoration Theory (Kaplan & Kaplan,
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1989) offer complementary mechanisms. Campus interventions include indoor plants, green walls, water features,
natural landscape views, natural materials, quiet outdoor spaces and tree-lined pathways (Ribeiro et al., 2024; Li et al.,
2025); green walls, water features and natural materials are not directly supported by studies in this review.

Student mental health is a significant global concern: in a US sample, the American College Health Association’s
2023 survey found that 23.4% of undergraduates screened positive for serious psychological distress (American
College Health Association [ACHA], 2023), and time in nature was associated with more positive mood in a US student
survey (Bardhan et al., 2023); these convenience samples cannot be generalised to Nigeria, where comparable data
were not retrieved. Ribeiro et al. (2024) discuss green campus infrastructure as potentially cheaper than expanding
individual treatment, but economic evaluations were outside this review’s evidence base, so cost-effectiveness is
unproven.

The extent of green-space loss on Nigerian campuses is unknown because land-use studies were not identified.
A conceptual paper on Nigerian urban housing proposes biophilic retrofitting as a regenerative strategy (Enwin &
Ikiriko, 2024); its applicability to campuses is untested. Untested co-benefits include shade trees lowering ambient
temperatures and permeable landscaping reducing stormwater runoff, a cholera transmission route in the rainy
season, but vegetation and water features can create mosquito habitat if poorly managed, so green and blue
infrastructure should be designed with vector control in mind.

WASH Infrastructure and Communicable Disease Prevention

WASH is a prominent domain of health-related building design, and Nigerian evidence points to deficits in schools and
community settings, but comparative data across design domains and for universities are lacking. Waterborne
diseases, including cholera, typhoid, hepatitis A and schistosomiasis, recur nationally (see Moslen et al., 2024); as of 11
June 2024, 1,141 suspected cholera cases (65 laboratory-confirmed) and 30 deaths had been reported across 30 states
(Nigeria Centre for Disease Control and Prevention [NCDC], 2024), which illustrates national risk but not campus risk;
documented campus outbreaks were not identified.

Proposed WASH interventions include toilets at adequate user-to-toilet ratios (taken from the applicable
national or WHO/UNICEF standard, as school and university ratios differ), ablution facilities with natural light and
ventilation, handwashing stations in classroom exit flows, and on-site water treatment (rainwater harvesting, solar
pasteurisation, point-of-use filtration) where municipal supply is unreliable (WHO, UNICEF & UNESCO, 2023).

Nigeria accounted for an estimated 27% of global malaria cases in 2022 (WHO, 2023). Whether house screening
(Furnival-Adams et al., 2021) and the features architects identified (Chisumbe et al., 2024) would reduce malaria in
Nigerian university hostels is a hypothesis: the evidence is from rural housing, and no campus incidence data or hostel
conditions were identified. Targeted retrofitting trials are needed.

Architectural Strategies for Infection Prevention and Control

Spatial configuration is thought to influence pathogen transmission: corridors, stairwells and shared transition spaces
are described as mixing zones where cohorts interact (Udomiaye, 2020; Lesan et al., 2021), although transmission
studies in educational buildings are lacking. A survey of design professionals on post-COVID-19 hospital design (Sherif
& Iskandar, 2025) reported expert opinion, not demonstrated effect, favouring small-cohort spaces, no dead-end
corridors, transitions that minimise dwelling time, natural cross-ventilation, and touchless fixtures and self-closing
doors in high-traffic zones.

Copper alloys are antimicrobial in laboratory tests, but kill rates do not establish reduced infection in
community settings, and systematic reviews report limited or low-certainty clinical evidence (Albargouni et al., 2020;
Aillén-Garcia et al., 2023). Cost precludes wholesale use in Nigerian institutions, but targeted use on door handles,
washroom fixtures and cafeteria surfaces may reduce contact transmission at high-density touchpoints, although this
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is untested in university buildings. Other measures (non-porous finishes, anti-mould paint, UV-C irradiation, which
carries skin and eye safety risks) were not supported by studies in this review.

Udomiaye (2020), a short article on healthcare facilities, proposed that improved ventilation, reduced density
and better sanitation could support pandemic mitigation alongside pharmaceutical measures. Nigerian university
buildings could incorporate operable windows in all occupied spaces and outdoor learning areas, and master plans
could integrate clinics and isolation facilities; real-time air-quality monitoring is worthwhile only where cost and
maintenance allow (Section 5.5.3).

The Nigerian University Context: A Critical Assessment
Infrastructural Deficit, Climate and Regulatory Framework

Nigerian public universities occupy a paradoxical position: they train the professionals expected to solve Nigeria’s
public health challenges, yet the evidence that their infrastructure undermines occupant health is largely inferential.
The NUC's 2023 State of Universities data and accreditation reports identify deficiencies in facilities, office
accommodation, laboratory equipment, safety provisions and funding; for example, a 2023 assessment of one
University of Ibadan programme noted inadequate offices, fire-safety equipment, facilities and funding (NUC, 2023a,
2023b). These concern office, safety and laboratory provision rather than health-related building features, and one
programme cannot represent Nigerian public universities; health-centre morbidity, outbreak investigations, facility
audits and TETFund needs assessments were not identified.

Nigeria’s tropical climate presents challenges (mould in humid, poorly ventilated spaces, mosquito breeding in
rainy seasons, thermal discomfort in poorly shaded buildings, ultraviolet degradation of materials) and opportunities
(cross-ventilation and stack-effect design, solar energy, biomass for biophilic design, rainwater harvesting). Vernacular
architecture (mud-brick thermal mass in the hot-dry north, lightweight ventilated forms in the humid south) embodied
climate-responsive principles that contemporary design may draw upon; this reflects expert judgement, not the
included studies.

The regulatory framework appears to lack explicit health-architecture standards, but this was not verified
against the National Building Code, the NUC Benchmark Minimum Academic Standards or environmental sanitation
regulations; NUC standards are understood to address spatial adequacy mainly. The UK’s Building Bulletin 101 and the
US EPA’s Indoor Air Quality Tools for Schools programme (both for primary and secondary schools) show that
comprehensive frameworks are feasible, and the Standards Organisation of Nigeria (SON), the Nigerian Institute of
Architects (NIA), the Architects Registration Council of Nigeria (ARCON), NESREA and the Federal Ministry of Education
are well positioned to develop analogous standards for educational facilities.

Transferability of Global Evidence to Nigerian Universities

Much of the evidence in Themes 1, 2 and 4 comes from hospitals, offices and schools in high-income settings that
differ from Nigerian universities in climate, building typology, occupancy density, maintenance and resourcing.
Thresholds from temperate, mechanically ventilated buildings (e.g., Du et al., 2020; Dedesko et al., 2025) may not
translate to naturally ventilated tropical lecture halls, and antimicrobial-surface evidence (Salgado et al., 2013) comes
from clinical settings with budgets and cleaning regimes not typically available in Nigerian universities. Findings should
therefore be treated as hypotheses for local testing rather than design mandates, except where regional evidence
exists (WASH and house screening; Theme 3).

Cost, Feasibility, Institutional Capacity and Trade-Offs

Implementation is constrained by the underfunding noted in Section 5.5.1. Copper surfaces and real-time air-quality
monitoring cost well above conventional materials and depend on stable electricity, calibration expertise and
consumables many universities cannot guarantee, and even lower-cost measures such as WASH provision or green-
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space maintenance need recurrent budgets historically treated as discretionary. Implementation should therefore be
sequenced by capacity, starting with passive ventilation and basic WASH. Gender-sensitive WASH (including menstrual
hygiene management; lkogho & Onoharigho, 2025), disability access and safety should be built in; cost ranges were
unavailable in the included studies.

Trade-offs remain unresolved: natural ventilation reduces airborne pathogens but can raise energy demand
where supplementary cooling is needed and admit dust and noise; green space competes with land needed for rising
enrolments; advanced materials and monitoring perform better but are less affordable and maintainable; and fixtures
face theft and vandalism while green and blue infrastructure may increase mosquito habitat. These statements reflect
expert judgement, not the included studies, so context-specific prioritisation rather than uniform adoption is required
(Section 6.1).

6. Conclusion

Campus design is not merely an aesthetic or spatial exercise; it may also act as a public health measure. The evidence
indicates, with strength varying by theme and geographic origin (Section 5.5.2), that ventilation, materials, green
space, WASH and spatial configuration are associated, mostly in non-Nigerian and non-university settings, with
infection risk, mental well-being and performance. The strongest regional evidence concerns WASH and communicable
disease (Theme 3), though largely indirect; evidence on indoor environmental quality, biophilic design and
antimicrobial/spatial infection control (Themes 1, 2 and 4) remains extrapolated rather than confirmed in Nigerian
universities.

Three categories of claim follow. First, plausible and supported by indirect evidence: WASH remediation is
supported by regional and international evidence, though Nigerian university outcome data are lacking (Theme 3).
Second, reasonable contextual implications: ventilation, thermal comfort, biophilic design and infection-control
principles are theoretically grounded for Nigerian universities, given shared physiological and epidemiological
mechanisms, but not locally validated (Themes 1, 2 and 4; Section 5.5.2). Third, recommendations requiring local
validation: antimicrobial surfaces, real-time air-quality monitoring and numerical thresholds (ventilation rates, green-
space ratios) come from non-Nigerian contexts and should be piloted locally before becoming binding standards.

A staged agenda of standard-setting, infrastructure rehabilitation, interdisciplinary design and monitoring is a
plausible pathway to improved campus health, although its returns and feasibility were not evaluated here;
architecture is one lever among several, alongside vaccination, behaviour change and clinical services. Limitations
(Section 3.6) include the absence of study-level appraisal, partial dual screening and heavy reliance on indirect
evidence. Priority research gaps are: (1) CO, and thermal monitoring in Nigerian lecture halls and hostels; (2) hostel
overcrowding in relation to respiratory infection and meningitis; (3) campus WASH audits linked to student morbidity;
(4) pilot evaluations of passive-ventilation retrofits; and (5) economic evaluations of design interventions.

Recommendations
Recommendations are ordered by evidence strength and feasibility (Section 5.5.3).

(i) WASH Infrastructure Upgrading (supported by indirect evidence; highest priority): Universities should prioritise
functional WASH ratios, reliable water supply (rainwater harvesting, boreholes, point-of-use treatment) and WASH
compliance in NUC accreditation standards (Theme 3; WHO, UNICEF & UNESCO, 2023).

(ii) Passive Ventilation and Climate-Responsive Design (plausible extension; moderate cost): Orientation, cross-
ventilation and operable windows should be prioritised over costly mechanical or monitoring solutions as a first-line
response to Theme 1, pending local validation of air-quality and flow-rate thresholds (Section 5.5.2).
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(iii) Biophilic Campus Planning (plausible extension; low-cost, phased): Accessible green space and indoor planting
should be expanded incrementally and balanced against enrolment-driven land pressure (Section 5.5.3), not pursued
as a fixed percentage target from non-Nigerian master-planning norms.

(iv) Malaria Vector Control Through Design (supported by regional evidence from rural housing): Screened windows,
raised thresholds, ceiling boarding and elimination of stagnant water should be incorporated into hostel design
(Theme 3; Furnival-Adams et al., 2021; Chisumbe et al., 2024).

(v) Antimicrobial Surfaces and Real-Time Monitoring (requires local piloting): Copper-alloy surfaces and air-quality
monitoring should be piloted at a few high-risk sites, starting with low-cost CO, sensors in lecture halls and hostels,
before wider adoption (Section 5.5.3).

(vi) Regulatory and Financing Framework: The NUC and, for state universities, state governments should incorporate
these priorities into accreditation standards; TETFund into its infrastructure financing windows; and SON, ARCON and
NESREA into applicable standards, sequenced by evidence strength and feasibility (Section 5.5.3).

Suggested monitoring indicators include toilet-to-student ratios, the percentage of functional handwashing stations,
CO, concentration (ppm) in lecture halls, and student health-centre cases of respiratory and enteric illness; lead
agencies and cost tiers should be specified in a follow-up implementation plan.
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