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Abstract 

Infection prevention and control (IPC) is a critical component of healthcare delivery, particularly for vulnerable populations at 

increased risk of healthcare-associated infections. Hospice patients may receive care in dedicated hospice facilities, long-term 

care facilities, or other healthcare environments, where infection prevention must coexist with broader therapeutic goals, 

including comfort, privacy, family involvement, and a home-like atmosphere. Although environmental design has been widely 

investigated in relation to IPC in healthcare settings, much of the existing evidence focuses on hospitals, with comparatively 

limited attention to hospice and long-term care environments. This study aimed to identify environmental design strategies that 

may enhance IPC in hospice facilities and examine their applicability within a hospice-specific therapeutic framework. A scoping 

literature review was conducted using PubMed and CINAHL for English-language studies published between 2015 and 2025. 

Following three rounds of screening, 30 studies were included. Data were extracted using standardized matrices documenting 

study characteristics, environmental and behavioral variables, outcomes, and key findings. Environmental findings were coded, 

compared, and analyzed using the environmental therapeutic goals and design criteria of the Hospice Environmental Assessment 

Protocol (HEAP) as an analytical framework. Three overarching themes and 14 subthemes emerged: ventilation and airborne 

infection control, including ventilation, filtration, airflow, and supplemental air disinfection; spatial planning, zoning, and 

circulation, including separation, shared spaces, circulation, access control, and room configuration; and environmental hygiene, 

surfaces, and cleaning, including high-touch surfaces, antimicrobial materials, environmental cleaning, disinfection technologies, 

and hand-hygiene-supportive design. The findings demonstrate that IPC in hospice environments extends beyond clinical safety 

and intersects with multiple therapeutic goals, including privacy, social interaction, autonomy, family accommodation, and staff 

support. Integrating IPC evidence with HEAP provides a framework for designing hospice environments that support infection 

prevention while preserving their therapeutic, residential, and family-centered qualities. 
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1. Introduction 

Infection prevention and control (IPC) is an essential com-

ponent of healthcare delivery and patient safety. Healthcare-

associated infections can affect patients across care settings; 

however, infection prevention is particularly important for in-

dividuals who are older, medically vulnerable, immunocom-

promised, or receiving complex care. Hospice patients often 

have advanced illnesses, multiple comorbidities, and substan-

tial care needs and may receive care in dedicated hospice fa-

cilities, nursing homes, long-term care facilities, hospitals, or 

home-based settings. Consequently, infection prevention and 

management are important considerations throughout the con-

tinuum of hospice, palliative, and end-of-life care. 

Infections present distinct challenges in hospice and pallia-

tive care because decisions concerning infection management 

must be balanced with the goals of comfort, symptom man-

agement, dignity, and quality of life. Earlier research exam-

ined symptomatic treatment of infections among patients with 

advanced cancer receiving hospice care [1], while subsequent 

studies have addressed antibiotic and antimicrobial use in hos-

pice and palliative care [2-4]. Infection management is also 

relevant in nursing homes and other long-term care settings 

where palliative and end-of-life care is provided. Stone (2017) 

identified the integration of infection management and pallia-

tive care in nursing homes as an understudied issue [5], while 

Stone et al. (2019) and Tark et al. (2020) further examined the 

integration of infection management with palliative and end-

of-life care in nursing homes [6, 7]. Together, these studies 

demonstrate the importance and complexity of infection man-

agement for individuals approaching the end of life. 

IPC in hospice and related care settings extends beyond 

treatment of an existing infection to include prevention, sur-

veillance, preparedness, and everyday infection-control prac-

tices. Shang et al. (2014), in a systematic review of home 

health care, examined the prevalence of infections and patient-

related risk factors, demonstrating the relevance of infection 

risk outside traditional hospital settings [8]. Adawee and Cole 

(2021) described the establishment of an evidence-based in-

fection surveillance program for home care and hospice [9], 

while Pogorzelska-Maziarz et al. (2020) examined home 

health staff perspectives on IPC [10]. More recent hospice-

specific research has continued to emphasize the importance 

of IPC knowledge and practices among healthcare providers 

[11]. Collectively, this literature indicates that infection pre-

vention requires attention across the diverse settings in which 

hospice and end-of-life care are delivered. 

The COVID-19 pandemic further emphasized the vulnera-

bility of hospice and palliative care services during infectious-

disease outbreaks. Etkind et al. (2020) examined the role and 

response of palliative care and hospice services during epi-

demics and pandemics, highlighting the need for preparedness 

during infectious-disease emergencies [12]. Kader (2023) dis-

cussed the post-pandemic hospice environment and the need 

to reconsider hospice design in response to changing 

healthcare, social, and infection-control needs [13]. Of partic-

ular relevance to environmental IPC, Feathers et al. (2022) re-

ported an outbreak of SARS-CoV-2 in a hospice that was ter-

minated following the implementation of enhanced aerosol in-

fection-control measures [14]. This experience illustrates the 

potential importance of environmental and engineering inter-

ventions, in addition to clinical and behavioral measures, in 

controlling infection within hospice facilities. 

The physical environment can play an important role in 

supporting infection prevention. Ventilation and airflow, spa-

tial configuration, separation and zoning, circulation patterns, 

patient and family common areas, environmental surfaces and 

materials, hand-hygiene infrastructure, and the ability to ef-

fectively clean and disinfect spaces may influence opportuni-

ties for infection transmission. These considerations are par-

ticularly significant in hospice facilities because hospice envi-

ronments must simultaneously function as healthcare settings 

and as therapeutic, supportive, and home-like environments 

for patients and their families. Emerging environmental re-

search has emphasized the importance of examining hospice 

settings from this broader therapeutic perspective. For exam-

ple, Mahmood et al. (2025) proposed an environmental assess-

ment of hospice settings to examine how physical environ-

ments can support compassionate end-of-life care for older 

people experiencing homelessness [15]. 

The Hospice Environmental Assessment Protocol (HEAP) 

provides a hospice-specific framework for understanding 

these relationships between the physical environment and 

therapeutic care [16]. Developed by Kader (2016), HEAP 

identifies 11 environmental therapeutic goals: (1) Continuity 

of Self, (2) Access to Nature, (3) Provide Privacy, (4) Support 

Social Interaction, (5) Ensure Safety and Security, (6) Provide 

Autonomy, (7) Regulate Sensory Stimulation, (8) Support 

Spiritual Care, (9) Provide Family Accommodation, (10) Sup-

port after Death, and (11) Support for Staff. These therapeutic 

goals recognize that the hospice environment must address not 

only clinical needs but also patients' physical, psychological, 

social, and emotional needs and the needs of family members 

and staff. Importantly, Safety and Security explicitly incorpo-

rates infection-control considerations, including the selection 

of furniture, fittings, and finishes based on clinical and infec-

tion-control requirements, provision of an isolation room, 

handwashing sinks and sanitizers in patient rooms, and sepa-

rate toilet and shower facilities for family members to reduce 

cross-contamination. Other HEAP goals also have potential 

relationships with IPC, including ventilation and access to 

fresh air, patient control of the immediate environment, spatial 

organization, privacy, social interaction, family accommoda-

tion, and staff support. 

Integrating infection prevention with these therapeutic 

goals presents an important design challenge. Strategies that 

support infection control should not unnecessarily compro-
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mise the fundamental philosophy of hospice care. For exam-

ple, separation and isolation may reduce opportunities for in-

fection transmission but may also affect family presence and 

social interaction. Materials selected primarily for cleanability 

may contribute to an institutional appearance if their therapeu-

tic and residential qualities are not considered. Similarly, ven-

tilation and airflow requirements must be balanced with ther-

mal comfort, patient autonomy, access to fresh air, and con-

nection to nature. Therefore, environmental IPC strategies for 

hospice facilities require an approach that simultaneously con-

siders infection prevention, safety, comfort, autonomy, social 

interaction, and family involvement. 

Despite the recognized significance of infection manage-

ment in hospice and palliative care, hospice-specific literature 

has predominantly addressed antimicrobial treatment, infec-

tion surveillance, staff knowledge and practices, and organi-

zational responses to infectious diseases. Comparatively lim-

ited research has systematically examined how the physical 

and built environment can contribute to infection prevention 

in hospice facilities. At the same time, a growing body of ev-

idence from hospitals, waiting areas, nursing homes, long-

term care facilities, and other healthcare settings has investi-

gated relationships between environmental design and infec-

tion transmission. Synthesizing this evidence and interpreting 

it within a hospice-specific therapeutic framework may pro-

vide a foundation for developing environmental IPC strategies 

appropriate for hospice care. 

Therefore, this study reviews the literature on environmen-

tal and built-environment strategies associated with infection 

prevention and control in healthcare and long-term care set-

tings and examines their relevance to hospice facilities. The 

environmental findings are further analyzed using the 11 ther-

apeutic goals and associated design criteria of HEAP. By in-

tegrating current IPC evidence with a hospice-specific envi-

ronmental framework, this study seeks to identify design strat-

egies that can enhance infection prevention while maintaining 

the therapeutic qualities of hospice environments. 

2. Research Questions 

Infection prevention and control are important considera-

tions in hospice, palliative, and end-of-life care, particularly 

because patients may be medically vulnerable and receive care 

across hospice, long-term care, nursing home, and home-care 

settings [5-7, 9]. The COVID-19 pandemic further highlighted 

the importance of infection-control preparedness in hospice 

and palliative care [12], including the potential role of envi-

ronmental and engineering measures in controlling infection 

transmission within hospice facilities [14]. At the same time, 

hospice environments are expected to support therapeutic 

goals such as comfort, privacy, autonomy, social interaction, 

family involvement, and a home-like atmosphere [13, 15, 16]. 

Therefore, this study aimed to identify environmental design 

strategies for infection prevention and control and examine 

their applicability to hospice environments. The following re-

search questions guided the study: 

1) What environmental and built-environment factors asso-

ciated with infection prevention and control have been 

identified in healthcare and long-term care literature? 

2) What major environmental design themes and strategies 

for infection prevention and control emerge from the re-

viewed literature? 

3) How do the identified environmental design strategies 

relate to the 11 therapeutic goals and associated design 

criteria of the Hospice Environmental Assessment Pro-

tocol (HEAP) [16]? 

4) How can these environmental design strategies be ap-

plied to hospice facilities to support infection prevention 

while maintaining the 11 therapeutic goals hospice care? 

3. Study Methods 

This study employed a scoping review to identify and syn-

thesize evidence concerning environmental and built-environ-

ment factors associated with infection prevention and control 

(IPC) in healthcare and long-term care settings and to examine 

their potential relevance to hospice environments. A scoping-

review approach was selected because the literature encom-

passes heterogeneous settings and evidence types, including 

empirical studies, laboratory and experimental investigations, 

simulation and modeling studies, design-related studies, and 

evidence reviews. The review was conducted with reference 

to the JBI methodological guidance for scoping reviews and 

is reported in accordance with the Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses Extension for 

Scoping Reviews (PRISMA-ScR). 

3.1. Literature Search 

A structured literature search was conducted using PubMed 

and CINAHL. The search covered literature published from 

January 1, 2015, through December 31, 2025. Only English-

language, peer-reviewed publications were eligible for inclu-

sion. Search terms were restricted to the article title field. This 

restriction was used to increase search specificity and identify 

publications in which IPC and the healthcare, long-term care, 

or built-environment context represented a central focus rather 

than an incidental reference. The search focused on healthcare 

environments and public or common areas, including patient 

care areas, waiting rooms, lobbies, corridors, elevators, and 

other shared spaces. Boolean search strategies combined con-

cepts related to infection-control and healthcare settings. 

Three complementary search concepts were applied in both 

databases: 1) infection control AND nursing home facility OR 

long-term care facility OR hospice care facility; 2) infection 

control AND built environment, and 3) infection control AND 

hospital facility OR healthcare facility. The first search re-

trieved 672 records from PubMed and 1,204 from CINAHL. 
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The second retrieved 3 records from PubMed and 2 from CI-

NAHL, and the third retrieved 302 records from PubMed and 

492 from CINAHL. Across the three searches, 977 records 

were retrieved from PubMed and 1,698 from CINAHL, for a 

combined initial yield of 2,675 records (see Table 1). Because 

the search concepts overlapped, the search results contained 

duplicate records within and across the database searches. A 

separate numerical record of duplicate removal was not main-

tained; duplicate records were identified during the screening 

process and were not advanced to subsequent screening stages. 

This procedure is reported transparently as a methodological 

limitation rather than retrospectively estimating the number of 

duplicates. 

3.2. Inclusion and Exclusion Criteria 

Studies were included if they: (i) examined infection pre-

vention, infection transmission, healthcare-associated infec-

tions (HAIs), or related IPC outcomes; (ii) investigated char-

acteristics or interventions associated with the physical or 

built environment; (iii) were conducted in hospice, long-term 

care, or other healthcare settings with environmental findings 

potentially applicable to hospice facilities; (iv) were published 

in peer-reviewed journals between 2015 and 2025; and (v) 

were published in English. Studies were excluded if they fo-

cused exclusively on clinical, pharmaceutical, policy, or be-

havioral infection-control interventions without an identifia-

ble relationship to the physical environment; were conducted 

in settings with limited relevance to healthcare or long-term 

care environments; or did not provide findings that could in-

form environmental design strategies for infection prevention. 

The literature selection involved three rounds of screening 

based on the inclusion and exclusion criteria. Screening was 

conducted sequentially at the title, abstract, and full-text levels. 

The database searches identified 2,675 records. Following ti-

tle screening, 348 records were retained for abstract review; 

duplicate records encountered during screening were not ad-

vanced. Abstract screening excluded 295 records, leaving 53 

articles for full-text assessment. Of these, 27 were excluded 

for not meeting the eligibility criteria or lacking sufficient en-

vironmental relevance, resulting in 26 eligible articles. An ad-

ditional four articles were identified through manual searching 

of relevant journals and reference lists. Thus, 30 articles were 

included in the final scoping review (see Figure 1) [17-46]. 

The included studies represented healthcare environments 

from diverse geographic regions. 

3.3. Results 

A total of 30 studies were included in the review. The stud-

ies represented a range of healthcare environments, including 

hospitals, acute-care settings, emergency departments and 

waiting areas, nursing homes, long-term care facilities 

(LTCFs), geriatric care settings, and other patient and com-

mon areas. A substantial portion of the literature addressed 

nursing homes and long-term care environments, while other 

studies examined hospital environments with findings rele-

vant to infection prevention in hospice settings. The studies 

represented diverse geographic contexts, including the United 

States, Canada, England, Germany, Sweden, Australia, New 

Zealand, Brazil, Taiwan, Haiti, and Israel. 

The 30 studies employed diverse methodological ap-

proaches. Several studies synthesized existing evidence 

through systematic reviews, integrative reviews, meta-anal-

yses, meta-ethnography, and other evidence reviews. Bloch et 

al. (2023), for example, reviewed 74 studies examining infec-

tion prevention and control measures in LTCFs [18], while 

Muller et al. (2016) systematically reviewed evidence on an-

timicrobial surfaces [37]. Daker et al. (2022) conducted a 

meta-ethnography examining IPC in care homes [19], and 

Wistrand et al. (2024) conducted a systematic review and 

meta-analysis addressing ventilation and air contamination 

[46]. Other reviews examined PPE and aerosol transmission 

in closed healthcare environments, environmental safety in 

waiting areas, and COVID-19 prevention and containment 

strategies. The remaining literature included longitudinal, 

cross-sectional, observational, experimental, retrospective, 

qualitative, mixed-methods, modeling, and case studies, 

providing both empirical and design-oriented evidence con-

cerning relationships between the healthcare environment and 

infection transmission. 

Topically, a substantial group of studies investigated venti-

lation, indoor air quality, HVAC systems, filtration, airflow, 

and airborne transmission. Peerless et al. (2024) examined in-

door-air-quality practices in LTCFs and identified inadequate 

outdoor-air introduction, insufficient filtration, and incon-

sistent use of portable air cleaners [40]. Hernandez-Mejia et 

al. (2024) examined architectural interventions in an emer-

gency-department waiting room, including ventilation, spac-

ing, separation, and pathways [27]. Kane et al. (2018) investi-

gated continuous UV-C-treated air in a long-term care venti-

lator unit and reported lower HAI rates in rooms receiving the 

intervention [31]. 

Another group of studies focused on spatial organization, 

waiting and common areas, separation, circulation, and patient 

or visitor movement. Waiting areas were frequently examined 

in relation to spacing, separation, pathways, ventilation, and 

patient and family use. Common spaces were also represented 

in the long-term care literature. For example, Gontjes et al. 

(2020) examined common areas and rehabilitation gyms 

across six nursing homes, including environmental contami-

nation, furniture, high-touch surfaces, and interactions with 

patients and staff [24]. 

A third group of studies examined environmental hygiene, 

surface materials, and cleaning, including high-touch surfaces, 

furniture, antimicrobial surfaces and textiles, environmental 

contamination, cleaning practices, and environmental disin-

fection technologies. Some studies investigated antimicrobial 

materials and supplemental technologies, including copper-

containing surfaces or textiles, UV-C, and hydrogen-peroxide 
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disinfection. Estienney et al. (2022), for example, experimen-

tally examined hydrogen-peroxide aerosol nebulization for 

surface decontamination in replicated waiting-room and am-

bulance environments [21]. 

4. Data Analysis 

Data from the 30 included studies were extracted using a 

standardized data extraction matrix for comparison and anal-

ysis (Tables 2 and 3 in the Appendix). Table 2 summarizes the 

characteristics of the literature, including country, setting, 

study design/sample, and IPC focus. Table 3 presents the en-

vironmental/built-environment variables, user/behavioral var-

iables, outcomes, and key findings identified in each study. 

The extracted data were compared across studies to identify 

recurring patterns and relationships between the physical en-

vironment and infection prevention and control. Environmen-

tal findings were coded and grouped based on similarities in 

design characteristics and infection-control outcomes. 

Through this process, three overarching environmental 

themes and associated subthemes were identified. 

The first theme, Ventilation and Airborne Infection Control, 

included four subthemes: ventilation and air exchange; HVAC, 

filtration, and indoor air quality; airflow direction and pres-

sure control; and supplemental air-disinfection strategies. 

The second theme, Spatial Planning, Zoning, and Circulation, 

included five subthemes: separation and physical distancing; 

waiting and common-area design; circulation and patient/vis-

itor flow; access control and zoning; and room configuration, 

occupancy, and flexibility. The third theme, Environmental 

Hygiene, Surfaces, and Cleaning, included five subthemes: 

high-touch surfaces and environmental contamination; mate-

rials and antimicrobial surfaces; environmental cleaning and 

disinfection; environmental cleaning technologies; and hand-

hygiene-supportive environmental design. 

The identified themes and subthemes were subsequently 

analyzed using the environmental therapeutic goals and asso-

ciated design criteria of the Hospice Environmental Assess-

ment Protocol (HEAP) [16] as an analytical framework. 

HEAP includes 11 environmental therapeutic goals and asso-

ciated design criteria for hospice environments, with specific 

infection-control considerations incorporated under Safety 

and Security. This analysis was used to examine the relevance 

and potential application of the identified environmental IPC 

strategies to hospice environments. 

4.1. Ventilation and Airborne Infection Control 

Ventilation and airborne infection control emerged as a re-

curring environmental consideration across the reviewed lit-

erature. Studies examined natural and mechanical ventilation, 

air exchange, HVAC systems, filtration, indoor air quality, 

airflow direction and pressure relationships, and supplemental 

air-disinfection technologies. 

4.1.1. Ventilation and Air Exchange 

Ventilation and air exchange were among the most fre-

quently addressed environmental strategies across the reviewed 

literature [17, 20, 23, 26, 27, 30, 32, 35, 39-41, 44-46]. Across 

these studies, adequate ventilation and air exchange were iden-

tified as important environmental considerations for controlling 

airborne transmission. Hernandez-Mejia et al. (2024) found that 

increased ventilation, together with greater distancing and sep-

aration, decreased modeled airborne transmission in an emer-

gency department waiting room [27]. Peerless et al. (2024) 

identified inadequate outdoor-air introduction and insufficient 

recirculated-air filtration in LTCFs [40]. Gola et al. (2020) also 

identified ventilation and HVAC systems among healthcare de-

sign considerations related to infection prevention [23]. 

4.1.2. HVAC, Filtration, and Indoor Air Quality 

HVAC systems, filtration, and indoor air quality were spe-

cifically addressed across the reviewed literature [17, 23, 30, 

40, 41, 46]. These studies emphasized mechanical ventilation, 

filtration, outdoor-air supply, and indoor-air-quality manage-

ment. Peerless et al. (2024) reported inadequate outdoor-air 

introduction, insufficient recirculated-air filtration, and incon-

sistent use of portable air cleaners among LTCFs [40]. Juan et 

al. (2016) identified HVAC systems, increased ventilation, 

and improved air quality as environmental considerations for 

reducing infectious-disease transmission [30]. 

4.1.3. Airflow Direction and Pressure Control 

Airflow direction and pressure relationships were examined 

across the reviewed literature [23, 32, 39, 41]. These studies 

considered how ventilation design and pressure relationships 

influence the movement of airborne contaminants between pa-

tient rooms, doorways, corridors, and adjacent spaces. Poove-

likunnel et al. (2020) examined positive- and neutral-pressure 

ventilation and reported that ventilation design and airflow di-

rection could help prevent airborne pathogens from entering 

adjacent lobbies and corridors [41]. 

4.1.4. Supplemental Air-Disinfection Strategies 

Supplemental environmental disinfection technologies 

were investigated in the reviewed literature [21, 31]. Kane et 

al. [31] examined continuous UV-C-treated air in a long-term 

care ventilator unit and reported lower HAI rates in rooms re-

ceiving UV-C treatment. Estienney et al. [21] investigated hy-

drogen-peroxide aerosol nebulization and reported its poten-

tial for disinfecting small enclosed healthcare environments, 

including waiting rooms. 

4.2. Spatial Planning, Zoning, and Circulation 

The second theme concerned the relationship between spa-

tial organization and infection transmission. The reviewed 

studies addressed separation and physical distancing, waiting 

and common areas, circulation patterns, patient and visitor 
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movement, access control, zoning, and room configuration. 

4.2.1. Separation and Physical Distancing 

Separation and physical distancing were addressed across 

the reviewed literature [17, 20, 22, 27, 32, 35, 43, 44]. The 

studies considered spacing and separation as mechanisms for 

limiting close contact and cross-infection, particularly in wait-

ing and shared areas. De Araujo et al. identified ventilation 

and spacing in waiting rooms, together with PPE use, as 

measures associated with reduced aerosol transmission [20]. 

Hernandez-Mejia et al. similarly found that greater distancing 

and separation, combined with increased ventilation, de-

creased modelled airborne transmission [27]. 

4.2.2. Waiting and Common-Area Design 

Waiting and common areas were examined across the re-

viewed literature [19-21, 24, 27, 29, 35, 43, 45]. The literature 

identified waiting rooms, communal areas, rehabilitation 

gyms, and other shared spaces as environments requiring in-

fection-control consideration. Innes et al. identified disease-

transmission concerns associated with emergency department 

waiting areas. Gontjes et al. found that environmental surfaces 

contributed to the persistence and transmission of multidrug-

resistant organisms in post-acute care facilities, with patient-

used common areas more likely to be contaminated than nurs-

ing-used common areas [24]. 

4.2.3. Circulation and Patient/Visitor Flow 

Circulation and movement through healthcare environ-

ments were addressed across the reviewed literature [17, 27, 

32, 35, 41, 44]. Environmental factors included pathways, cor-

ridors, entrances, doorways, elevators, and movement be-

tween patient and public spaces. Bataille and Brouqui [17] 

considered visitor and corridor access control in relation to in-

fectious-disease containment. Poovelikunnel et al. [41] exam-

ined the relationship between ventilation, doorways, lobbies, 

and corridors, demonstrating the interaction between circula-

tion-space design and airborne infection control. 

4.2.4. Access Control and Zoning 

Access control and spatial zoning were addressed particu-

larly across the reviewed literature [17, 22, 32]. These studies 

considered visitor screening, isolation, controlled access, and 

management of movement during infectious-disease out-

breaks. Bataille and Brouqui [17] described technology-sup-

ported visitor and corridor access control as part of infection 

containment, while Kennedy et al. [32] examined hospital in-

frastructure and visitor-screening strategies associated with 

limiting nosocomial transmission. 

4.2.5. Room Configuration, Occupancy, and 

Flexibility 

Room configuration, occupancy, facility capacity, and care 

intensity were addressed across the reviewed literature [19, 22, 

25, 28, 36, 42, 45]. These studies examined patient or resident 

rooms, common spaces, available beds, room occupancy, and 

facility characteristics in relation to IPC [19, 22, 25, 28, 36, 

42, 45]. See et al. [42] found that nursing homes with higher 

invasive MRSA rates served residents with greater clinical 

and functional care needs, demonstrating the importance of 

considering resident characteristics and care intensity when 

evaluating infection risk. Van Tiem et al. [45] also identified 

resident-room layout and common-area design among envi-

ronmental considerations relevant to IPC practices in LTCFs. 

4.3. Environmental Hygiene, Surfaces, and 

Cleaning 

The third major theme concerned environmental hygiene 

and the role of surfaces, materials, furnishings, and cleaning 

in infection prevention. Studies addressed high-touch surfaces, 

environmental contamination, antimicrobial materials, clean-

ing and disinfection practices, environmental disinfection 

technologies, and environmental support for hand hygiene. 

4.3.1. High-Touch Surfaces and Environmental 

Contamination 

High-touch surfaces and environmental contamination 

were addressed across the reviewed literature [18, 22, 24, 26, 

36, 38]. The studies identified surfaces, furniture, shared ob-

jects, and frequently touched environmental features as poten-

tial reservoirs or pathways for pathogen transmission. Gontjes 

et al. [24] found evidence of multidrug-resistant organism 

contamination on surfaces in common areas and rehabilitation 

gyms in nursing homes. Hababou et al. [26] similarly consid-

ered infected surfaces and ventilation in examining an RSV 

outbreak in a geriatric healthcare environment. 

4.3.2. Materials and Antimicrobial Surfaces 

Surface and material characteristics were examined across 

the reviewed literature [19, 23, 34, 37]. The studies addressed 

antimicrobial surfaces, copper-containing materials and tex-

tiles, and the relationship between material selection and mi-

crobial contamination. Daker et al. [19] identified antimicro-

bial surfaces among environmental considerations in care 

homes. Gola et al. [23] included surface materials along with 

ventilation and HVAC systems among healthcare design con-

siderations. Overall, these studies indicate that material selec-

tion represents an environmental component of IPC, although 

the evidence and interventions varied across settings. 

4.3.3. Environmental Cleaning and Disinfection 

Environmental cleaning and disinfection were addressed 

across the reviewed literature [18, 21-23, 33, 36, 38, 39, 43, 

45]. These studies examined routine room cleaning, high-

touch surface cleaning, environmental hygiene, decontamina-

tion, and the relationship between cleaning practices and the 
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physical environment. Bloch et al. [18] included cleaning pro-

tocols among IPC interventions evaluated in LTCFs. Nielsen 

et al. [38] emphasized cleaning of high-touch surfaces as an 

infection-prevention measure, while Van Tiem et al. [45] 

demonstrated the importance of environmental-services work-

ers and their knowledge of resident rooms and common spaces 

in LTCFs. 

4.3.4. Environmental Cleaning Technologies 

Specific environmental disinfection technologies were in-

vestigated primarily in the reviewed literature [21, 31]. Es-

tienney et al. [21] evaluated hydrogen-peroxide aerosol nebu-

lization for surface decontamination in replicated waiting-

room and ambulance environments and found the method ad-

vantageous for disinfecting small enclosed areas. Kane et al. 

[31] examined continuous UV-C treatment and found lower 

HAI rates in treated patient rooms. These studies represent en-

vironmental technologies intended to supplement conven-

tional infection-control measures. 

4.3.5. Hand-Hygiene-Supportive Environmental 

Design 

Hand hygiene and environmental support for hygiene 

practices were addressed across the reviewed literature [18, 

19, 22, 28, 30]. The literature addressed handwashing, sani-

tizer availability, hygiene stations, and access to hand-hy-

giene resources. Bloch et al. [18] identified hand hygiene 

among IPC measures showing effectiveness in non-outbreak 

LTCF settings. Juan et al. [30] included hygiene stations in 

waiting areas, together with HVAC and increased ventilation, 

among environmental strategies intended to reduce infec-

tious-disease transmission. 

5. Discussion 

This scoping review identified three major environmental 

themes associated with infection prevention and control (IPC): 

(1) Ventilation and Airborne Infection Control, (2) Spatial 

Planning, Zoning, and Circulation, and (3) Environmental Hy-

giene, Surfaces, and Cleaning. Although much of the re-

viewed evidence originated from hospitals, long-term care fa-

cilities (LTCFs), nursing homes, and other healthcare environ-

ments, these findings have important implications for hospice 

settings. Hospice facilities share characteristics with both 

healthcare and long-term care environments; however, they 

also have a distinctive therapeutic philosophy emphasizing 

comfort, dignity, autonomy, family involvement, social inter-

action, and a home-like atmosphere. The findings therefore 

suggest that environmental IPC strategies should not simply 

be transferred from acute-care hospitals to hospice settings. 

Instead, they should be considered in relation to the therapeu-

tic goals and design criteria of the Hospice Environmental As-

sessment Protocol (HEAP) [16]. 

5.1. Infection Prevention Within the HEAP 

Therapeutic Framework 

HEAP provides an important framework for interpreting 

the environmental IPC findings because it considers the hos-

pice environment from a holistic therapeutic perspective. Its 

11 therapeutic goals are Continuity of Self, Access to Nature, 

Privacy, Social Interaction, Safety and Security, Autonomy, 

Sensory Stimulation, Spiritual Care, Family Accommodation, 

Support after Death, and Support for Staff. While infection 

prevention relates most directly to Safety and Security, the 

findings of this review demonstrate that IPC strategies inter-

sect with several other therapeutic goals. 

Under Safety and Security, HEAP specifically recommends 

selecting furniture, fittings, and finishes with clinical and in-

fection-control requirements in mind, providing at least one 

isolation room, providing handwashing sinks and sanitizers in 

patient rooms, and providing separate toilet and shower facil-

ities for family members to reduce cross-contamination. These 

criteria correspond directly with several findings of the pre-

sent review. However, ventilation, spatial separation, circula-

tion, common-area design, material selection, and environ-

mental cleaning also interact with therapeutic objectives such 

as autonomy, privacy, social interaction, family accommoda-

tion, and staff support. Infection prevention in hospice should 

therefore be understood as a cross-cutting environmental con-

sideration rather than an isolated safety requirement. 

5.2. Ventilation and Airborne Infection Control 

The first theme, Ventilation and Airborne Infection Control, 

included ventilation and air exchange; HVAC, filtration, and 

indoor air quality; airflow direction and pressure control; and 

supplemental air-disinfection strategies. The reviewed litera-

ture indicates that ventilation is an important environmental 

strategy for reducing airborne transmission. Studies in 

healthcare and long-term care settings identified outdoor-air 

supply, air exchange, filtration, HVAC performance, airflow 

direction, and pressure relationships as important considera-

tions. Peerless et al., for example, identified inadequate out-

door-air introduction, insufficient recirculated-air filtration, 

and inconsistent portable air-cleaner use in LTCFs [40]. 

Poovelikunnel et al. demonstrated the importance of airflow 

direction in controlling the movement of airborne pathogens 

between rooms and adjoining circulation spaces [41]. 

These findings are particularly relevant to hospice environ-

ments in light of hospice-specific evidence. Feathers et al. 

(2022) reported that a SARS-CoV-2 outbreak in a hospice was 

terminated following implementation of enhanced aerosol in-

fection-control measures [14]. Kader (2023) similarly empha-

sized the need to reconsider the hospice environment in re-

sponse to lessons from the COVID-19 pandemic [13]. To-

gether, this evidence suggests that airborne infection control 

should be incorporated more explicitly into hospice environ-

mental planning. 
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Ventilation also illustrates how IPC can intersect with mul-

tiple HEAP therapeutic goals. Access to Nature encourages 

access to fresh air through operable windows or doors, while 

Provision of Autonomy supports patients' ability to control 

features of their immediate environment, including windows, 

airflow, and temperature. Regulate Stimulation also addresses 

adequate fresh-air circulation through HVAC systems. There-

fore, hospice ventilation design should balance infection-con-

trol performance with patient comfort, environmental control, 

access to fresh air, acoustic conditions, and connection to na-

ture. Where clinically appropriate, mechanical ventilation, fil-

tration, and controlled airflow can complement rather than re-

place these therapeutic qualities. 

5.3. Spatial Planning, Zoning, and Circulation 

The second theme, Spatial Planning, Zoning, and Circula-

tion, included separation and physical distancing; waiting and 

common-area design; circulation and patient/visitor flow; ac-

cess control and zoning; and room configuration, occupancy, 

and flexibility. The reviewed literature indicates that infection 

transmission is influenced not only by individual rooms but 

also by how people move through and share healthcare envi-

ronments. Waiting areas, corridors, entrances, common areas, 

doorways, and other circulation spaces can create opportuni-

ties for contact and transmission. 

This theme creates a particularly important challenge for 

hospice design because social interaction and family presence 

are central to end-of-life care. HEAP emphasizes the provi-

sion of multiple social spaces of different sizes and configura-

tions rather than relying exclusively on one large central social 

area. The infection-control findings provide an additional ra-

tionale for this approach. Distributed, smaller-scale social and 

family spaces may support interaction while providing greater 

opportunities for separation, reduced crowding, and flexible 

occupancy when infection risk is elevated. 

Common areas deserve particular attention. Evidence from 

nursing-home environments indicates that environmental sur-

faces in patient-used common areas may become reservoirs 

for multidrug-resistant organisms. In hospice settings, where 

patients and families may spend considerable time in lounges, 

family rooms, dining areas, gardens, and other shared spaces, 

IPC should therefore be considered in the planning, furnishing, 

ventilation, and maintenance of these environments. 

Circulation and zoning also correspond with several HEAP 

goals. Continuity of Self encourages a residential rather than 

institutional layout and avoidance of long corridors. Family 

Accommodation, Support During Bereavement, and Support 

for Staff address family spaces, bereavement circulation, staff 

work areas, and staff/service movement. Thoughtful zoning 

may allow patient/family, staff/service, and other circulation 

patterns to be managed more effectively while reducing un-

necessary movement through patient-care areas. Importantly, 

such zoning should remain flexible. During an outbreak, parts 

of a hospice may require temporary separation or controlled 

access, while under normal conditions the environment should 

remain welcoming and accessible. 

5.4. Environmental Hygiene, Surfaces, and 

Cleaning 

The third theme, Environmental Hygiene, Surfaces, and 

Cleaning, included high-touch surfaces and environmental 

contamination; materials and antimicrobial surfaces; environ-

mental cleaning and disinfection; environmental cleaning 

technologies; and hand-hygiene-supportive environmental de-

sign. The reviewed studies demonstrate that environmental 

surfaces, furniture, shared objects, and common areas can 

contribute to pathogen persistence and transmission. Evidence 

from long-term care environments is particularly relevant be-

cause these settings, like hospices, seek to balance healthcare 

requirements with residential qualities. 

This theme has a direct relationship with HEAP's Safety and 

Security goal, which recommends that furniture, fittings, and 

finishes be selected with both clinical and infection-control re-

quirements in mind. However, HEAP's Continuity of Self also 

emphasizes familiar, residential, and non-institutional envi-

ronmental qualities. These two objectives should not be con-

sidered contradictory. Instead, hospice material selection 

should balance cleanability, durability, compatibility with dis-

infectants, tactile quality, comfort, and residential appearance. 

The findings also emphasize the importance of high-touch 

surfaces. Particular attention should be given to frequently 

handled elements such as door hardware, handrails, furniture 

surfaces, switches, bathroom fixtures, and shared equipment. 

Furniture and room configuration should facilitate effective 

cleaning and reduce inaccessible areas where contamination 

may persist, while still allowing patients to personalize their 

rooms and maintain a sense of home. 

Hand hygiene provides another direct connection between 

environmental design and user behavior. HEAP recommends 

handwashing sinks and sanitizers in patient rooms and sepa-

rate family toilet and shower facilities to reduce cross-contam-

ination. The reviewed evidence reinforces the importance of 

accessible hand-hygiene infrastructure. However, simply 

providing a sink or sanitizer does not guarantee its use. Loca-

tion, visibility, convenience, and relationship to care activities 

and circulation routes may influence behavior. Thus, environ-

mental design can support IPC practices by making appropri-

ate behaviors easier and more intuitive for staff, patients, fam-

ilies, and visitors. 

5.5. Staff, Family, and User Behavior as Cross-

Cutting Factors 

Although the three themes focus primarily on physical en-

vironmental characteristics, the review also identified user and 

behavioral factors related to IPC, including staff cleaning 

practices, hand hygiene, PPE use, visitor management, and in-

fection-control procedures. These factors were not treated as 
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a separate environmental theme because they do not represent 

built-environment characteristics; however, they interact 

closely with environmental design. 

For example, the effectiveness of environmental cleaning 

depends partly on whether room layouts and furnishings allow 

surfaces to be easily accessed. Hand-hygiene compliance can 

be influenced by the location and visibility of sinks and sani-

tizer dispensers. Visitor-management practices can be sup-

ported by entry configuration and zoning, while staff move-

ment can be influenced by the location of work areas, supplies, 

and patient rooms. Van Tiem et al. demonstrated the value of 

environmental-services workers' perspectives in understand-

ing how resident-room layout, common areas, ventilation, and 

cleaning practices interact in LTCFs. 

This relationship is particularly important in hospice be-

cause families and visitors are not peripheral users of the en-

vironment; they are integral participants in end-of-life care. 

Environmental IPC strategies should therefore be understand-

able and accessible to family members without creating an 

overly clinical or restrictive atmosphere. 

5.6. Balancing Infection Control with the 

Philosophy of Hospice Care 

A central finding of this review is the need to balance infec-

tion prevention with the therapeutic philosophy of hospice 

care. Hospice facilities differ from many acute-care environ-

ments because the quality of the patient's remaining life, fam-

ily presence, comfort, dignity, autonomy, and meaningful so-

cial interaction are fundamental goals of care. Kader (2023) 

emphasized the importance of reconsidering hospice design in 

the post-pandemic context, while recent environmental as-

sessment research continues to examine how hospice environ-

ments can support compassionate end-of-life experiences [13, 

15]. 

Some IPC strategies may create potential tensions with 

these therapeutic goals. Isolation can protect patients from in-

fection but may increase separation from family and social 

support. Physical distancing can reduce transmission opportu-

nities but may interfere with social interaction. Highly clinical 

materials may facilitate cleaning but undermine residential 

character. Restrictive access control may improve outbreak 

management but conflict with family-centered care. The chal-

lenge for hospice design is therefore not simply to maximize 

infection control, but to identify environmental strategies that 

reduce infection risk while minimizing disruption to therapeu-

tic experience. 

The HEAP framework provides a useful mechanism for 

achieving this balance because it places Safety and Security 

alongside ten other therapeutic goals, rather than treating 

safety as the sole measure of environmental performance. In-

fection-control strategies can therefore be evaluated in rela-

tion to their potential effects on privacy, autonomy, social in-

teraction, access to nature, family accommodation, bereave-

ment, and staff support. This broader perspective may be par-

ticularly valuable when adapting evidence derived from hos-

pitals and LTCFs to hospice facilities. 

5.7. Implications for Hospice Settings Design 

The synthesis of the scoping review findings with HEAP 

suggests several priorities for future hospice environmental 

design. Hospice facilities may benefit from effective ventila-

tion and filtration; appropriate airflow management; flexible 

zoning and separation capabilities; smaller and distributed 

family and social spaces; clear and efficient circulation; clean-

able but residentially appropriate materials and furnishings; 

careful attention to high-touch surfaces; accessible hand-hy-

giene facilities; and layouts that support effective environ-

mental cleaning and staff workflows. Supplemental technolo-

gies such as UV-C or other environmental disinfection sys-

tems may also have potential applications in selected higher-

risk spaces, although their appropriateness for hospice envi-

ronments requires further investigation. 

These strategies should not be interpreted as prescriptive 

design standards. Rather, they represent environmental con-

siderations derived from the current evidence base that can be 

evaluated within the specific operational, clinical, cultural, 

and therapeutic context of individual hospice facilities. Im-

portantly, because much of the evidence identified in this 

scoping review originated outside hospice settings, hospice-

specific empirical research is needed to evaluate these strate-

gies directly. 

Overall, the findings suggest that infection prevention 

should be considered an integrated component of therapeutic 

hospice design rather than an additional clinical requirement 

imposed on the environment. Applying IPC evidence through 

the HEAP framework offers an approach for simultaneously 

considering infection risk and the broader environmental 

goals of hospice care. Such integration may help create hos-

pice environments that are safer and more resilient to infec-

tious disease while continuing to support comfort, dignity, au-

tonomy, family presence, care, and a sense of home. 

6. Conclusions 

This scoping review identified three major environmental 

themes relevant to infection prevention and control in hospice 

facilities: Ventilation and Airborne Infection Control; Spatial 

Planning, Zoning, and Circulation; and Environmental Hy-

giene, Surfaces, and Cleaning. Integration of these findings 

with the HEAP therapeutic goals suggests that infection pre-

vention should be considered as part of a holistic hospice en-

vironment that supports safety while maintaining all the ther-

apeutic goals suggested by HEAP. 

Because much of the existing evidence comes from hospi-

tals, nursing homes, and long-term care facilities, more hos-

pice-specific and patient-centered research is needed. Future 
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studies should directly examine how environmental design in-

fluences infection risk and outcomes among hospice patients, 

particularly considering their unique physical conditions, vul-

nerability, mobility, length of stay, and end-of-life care needs. 

Research should also evaluate how infection-control strategies 

affect patient comfort, privacy, social interaction, and family 

presence. Empirical studies in hospice settings, including 

post-occupancy evaluations and intervention studies, are 

needed to validate the identified environmental strategies and 

develop evidence-based design recommendations. 

7. Limitations 

This literature review has several limitations and should be 

considered an initial effort to identify environmental design 

strategies related to infection prevention and control in hos-

pice settings. The search was limited to studies published be-

tween 2015 and 2025, in the English language, and indexed in 

PubMed and CINAHL. Therefore, relevant studies published 

in other languages, outside the selected timeframe, or indexed 

in other databases may not have been included. 

The review was also limited to peer-reviewed literature and 

did not include conference proceedings or other gray literature 

related to infection prevention and control or the built envi-

ronment, which may contain relevant evidence. In addition, 

because limited empirical research specifically addresses in-

fection prevention through environmental design in hospice 

facilities, the review included evidence from broader 

healthcare and long-term care settings. The applicability of 

these findings to hospice environments therefore requires fur-

ther investigation. 

Finally, data coding, thematic analysis, and interpretation 

were conducted by a single researcher using a code-recode 

procedure, which may introduce interpretive bias. Future re-

search should validate the identified environmental themes 

and design strategies through empirical studies conducted spe-

cifically in hospice settings and examine their effectiveness in 

reducing infection risk while maintaining the therapeutic and 

residential qualities of hospice care. 
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Appendix 

Table 1. Database Search Strategy and Number of Records Identified in PubMed and CINAHL. 

Search Search concepts PubMed CINAHL 

1 Infection control AND nursing home facility OR long-term care facility OR hospice care facility 672 1,204 

2 Infection control AND built environment 3 2 

3 Infection control AND hospital facility OR healthcare facility 302 492 

 Total 977 1,698 
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Figure 1. PRISMA-ScR Flow Diagram of Study Identification, Screening, Eligibility, and Inclusion. 

Table 2. Study characteristics for investigating the environmental design to enhance infection prevention and Control. 

# Author, year Country Setting Study design / sample IPC focus 

1 
Bataille & 

Brouqui (2017) 
France 

University Hospital 

Institute 

Clinical investigation; high-

level preparedness setting 

HAI prevention; hospital 

architecture; containment during 

mass influx/pandemic 

2 
Bloch et al. 

(2023) 
Switzerland 

Long-term care facili-

ties (LTCFs) 

Systematic literature review; 

74 studies 

Effectiveness of infection preven-

tion and control measures in non-

outbreak and outbreak settings 

3 
Daker et al. 

(2022) 
England 

Care homes for older 

people 

Meta-ethnography; 15 records 

from 652 identified 

Interpretive understanding of IPC 

in care homes after COVID-19 

4 
de Araujo et al. 

(2022) 
Brazil 

Healthcare facilities; 

closed environments 

and waiting rooms 

Systematic review; qualitative 

synthesis; 35 studies 

PPE effectiveness and aerosol 

transmission in closed/waiting en-

vironments 

5 
Estienney et al. 

(2022) 
France 

Laboratory-replicated 

waiting room and am-

bulance cabin 

Experimental study; MS2 and 

MNV models; virucidal test-

ing 

Surface decontamination and viru-

cidal activity in small enclosed 

healthcare spaces 

6 
Fritch et al. 

(2021) 
United States 

Nursing homes / 

LTCFs 

Evidence-based review using 

Haddon Matrix; 50 publica-

tions 

COVID-19 prevention and con-

tainment in nursing homes 

7 Gola et al. (2020) Italy 
Hospitals / emergency 

departments 
Risk analysis using optical 

particle counter; institutions 

HAI transmission; indoor air and 

mechanical ventilation 
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# Author, year Country Setting Study design / sample IPC focus 

across Italy 

8 
Gontjes et al. 

(2020) 

United States 

(Michigan) 

Six nursing homes; 

common areas and re-

habilitation gyms 

Descriptive study; 651 en-

rolled patients 

MDRO burden and microorgan-

ism transfer in high-touch com-

mon-area and rehabilitation-gym 

surfaces 

9 Grigg et al. (2018) United States 

Nursing homes / 

healthcare facilities in 

33 U.S. counties 

Retrospective epidemiologic 

analysis 

Epidemiology and incidence of in-

vasive MRSA in nursing-home 

residents 

10 
Hababou et al. 

(2021) 

France 

(Paris) 

Geriatric hospital / 

long-term care context 

Longitudinal study; 19 pa-

tients sampled over 3 weeks 

RSV outbreak origin and trans-

mission dynamics 

11 
Hernandez-Mejia 

et al. (2024) 
Germany 

University Medical 

Center; emergency-de-

partment waiting room 

Interdisciplinary modelling 

study; agent-based dynamic 

transmission model; 954 pa-

tients 

Architectural interventions to miti-

gate respiratory-pathogen trans-

mission 

12 
Herzig et al. 

(2016) 
United States Nursing homes 

Cross-sectional survey; 900 

nursing homes 

Characteristics of nursing-home 

IPC programs and infection-con-

trol deficiencies 

13 Innes et al. (2015) Australia 

Hospital emergency-

department waiting ar-

eas 

Integrative review; methodo-

logical critique and narrative 

synthesis; 6 papers 

Environmental safety and disease-

transmission concerns in waiting 

areas 

14 Juan et al. (2016) Taiwan 

Simulated hospital 

conversion / renovated 

vacant school building 

Case study; genetic algo-

rithms and hybrid A* deci-

sion-support approach 

Facility design, hygiene, air qual-

ity, and prevention of nosocomial 

infection 

15 Kane et al. (2018) United States 

Hospital-based long-

term care ventilator 

unit 

Longitudinal study; 86 pa-

tients 

Healthcare-associated infection 

rates and continuous UV-C expo-

sure 

16 
Kennedy et al. 

(2024) 
Australia 

Hospital entrances, 

common areas, eleva-

tors, and acute-care 

units 

Retrospective review; 264 ob-

servations/cases reported in 

source table 

Hospital design and infrastructure 

for mitigating SARS-CoV-2 trans-

mission 

17 
Latour et al. 

(2022) 
Belgium 

Nursing homes / 

LTCFs 

Observational cross-sectional 

studies; 446 nursing homes 

(2010), 200 (2013), 257 

(2016) 

HAI prevalence, antimicrobial 

use, IPC, and antimicrobial stew-

ardship 

18 
Marcus et al. 

(2017) 
Israel 

Hospital LTCF; 

chronic ventilator-de-

pendent patient rooms 

Crossover, double-blinded 

controlled study; 102 pa-

tients; 174 textile pieces 

Reduction of HAI indicators using 

copper oxide-impregnated textiles 

19 
Marsh et al. 

(2020) 
Haiti 

Emergency depart-

ment and waiting ar-

eas 

Retrospective study; semi-

structured interviews; sample 

9 

Design features supporting effi-

cient care and infection control 

20 
McKinley et al. 

(2023) 
United States 

Three Veterans Af-

fairs acute and long-

term care facilities 

Convergent mixed methods; 

62 room observations and 18 

semi-structured interviews 

Daily environmental cleaning and 

disinfection practices 

21 
Muller et al. 

(2016) 
Canada 

Healthcare facilities; 

patient rooms 

Systematic review; 11 eligi-

ble studies 

Effect of antimicrobial surfaces on 

HAI, ARO transmission, and mi-

crobial contamination 

22 Nielsen et al. United States Medical-surgical Pilot observational study; Nosocomial infection prevention 
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# Author, year Country Setting Study design / sample IPC focus 

(2019) units; acute care sample 93 through cleaning of high-touch 

surfaces 

23 Olmsted (2016) United States 

Acute-care hospital; 

acute and outpatient 

facilities 

Retrospective study; risk 

analysis; sample 28 

Prevention of HAIs caused by op-

portunistic pathogens 

24 
Peerless et al. 

(2024) 

United States 

(California) 

10 long-term care fa-

cilities 

Observational study; 10 

LTCFs 

Indoor air quality (IAQ) practices 

for respiratory pathogen transmis-

sion 

25 
Poovelikunnel et 

al. (2020) 
Ireland 

Positive-pressure ven-

tilation rooms, lob-

bies, and corridors 

Comparison study; observa-

tion; sample 48 

Airborne-pathogen control using 

positive- versus neutral-pressure 

ventilation 

26 See et al. (2025) United States 626 nursing homes 
Mixed-methods/data analysis; 

626 facilities 

Facility characteristics associated 

with high nursing-home-onset in-

vasive MRSA rates 

27 
Stockwell et al. 

(2020) 

Australia and 

New Zealand 

Hospitals and ambula-

tory clinics; cystic-fi-

brosis units 

Quality-assurance survey; 

124 units 

Infection-control and contact-pre-

caution practices in cystic-fibrosis 

centers 

28 
Tang & Chen 

(2023) 
England 

Simulated hospital en-

vironment using 

Building Information 

Modelling (BIM) 

Case study/review; virtual 

built-hospital model 

Evidence-based design and pre-

vention of airborne/nosocomial 

transmission 

29 
Van Tiem et al. 

(2020) 

United States 

(Iowa) 

Community living 

centers within LTCFs 

Qualitative study; 40 semi-

structured interviews 

Role and perspectives of environ-

mental-services workers in IPC 

30 
Wistrand et al. 

(2024) 
Sweden Operating rooms 

Systematic review and meta-

analysis; 10 studies 

Bacterial/air contamination and 

ventilation 

Table 3. Study variables and findings for environmental design to enhance infection prevention and Control. 

# Author, year 
Environmental / built-

environment variables 

User / behavioral 

variables 
Outcomes Key findings 

1 

Bataille & 

Brouqui 

(2017) 

Air filtration; 

separation; 

corridor/visitor access 

control; technology-

supported containment 

Isolation; cleaning; 

PPE; hand hygiene 

Environmental / 

implementation 

outcomes 

Technology-supported visitor and 

corridor access control, together 

with air filtration and separation, 

was used to limit infectious-

disease transmission. 

2 
Bloch et al. 

(2023) 

High-touch surfaces; en-

vironmental cleaning; 

availability/placement 

of hygiene resources 

Hand hygiene, oral hy-

giene, mass testing, 

vaccination, education, 

cleaning protocols 

Behavioral; organi-

zational/structural; 

infection-related 

outcomes 

Evidence quality was generally 

low. In non-outbreak settings, 

hand hygiene, oral hygiene, anti-

microbial stewardship, and vac-

cination showed effectiveness; 

during outbreaks, IPC bundles and 

mass testing appeared promising. 

3 
Daker et al. 

(2022) 

Antimicrobial surfaces; 

communal spaces 

Hand hygiene; staff 

behavior and 

knowledge 

Qualitative IPC 

practices and organ-

izational factors 

IPC was often perceived as out-

side the direct control of care 

homes, with limited staff owner-

ship and stronger attention during 

outbreaks. 
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# Author, year 
Environmental / built-

environment variables 

User / behavioral 

variables 
Outcomes Key findings 

4 
de Araujo et 

al. (2022) 

Air exchange; ventila-

tion; distancing/spacing 

in waiting rooms 

PPE use and exposure 

Qualitative infec-

tion-transmission 

outcomes 

Ventilation and adequate spacing 

in waiting rooms, combined with 

mask/PPE use, were reported as 

effective measures for reducing 

contagious aerosol transmission. 

5 
Estienney et 

al. (2022) 

Waiting-room ventila-

tion; enclosed-space 

configuration; disinfec-

tion system 

Contamination of inert 

surfaces 

Environmental / vir-

ucidal outcomes 

Aerosol nebulization with hydro-

gen peroxide was reported as ad-

vantageous for disinfecting small 

enclosed areas such as waiting 

rooms. 

6 
Fritch et al. 

(2021) 

Hand-sanitizer place-

ment; hand-hygiene 

supplies; high-touch 

surfaces; bed availabil-

ity/density 

Hand hygiene; exclu-

sion of sick personnel; 

PPE; staffing; adher-

ence to interventions 

Qualitative/process 

and compliance out-

comes 

The Haddon Matrix provided a 

framework for nursing homes to 

organize strategies for preventing 

and containing COVID-19. 

7 
Gola et al. 

(2020) 

Ventilation and HVAC 

systems; surface materi-

als 

Cleaning activities 
Quantitative envi-

ronmental outcomes 

The study identified healthcare-

design best practices related to 

ventilation, HVAC systems, and 

surface materials for infection pre-

vention. 

8 
Gontjes et al. 

(2020) 

Environmental contami-

nation; high-touch sur-

faces; furniture; 

shared/common areas 

Handwashing; touch-

ing surfaces, objects, 

and people 

Quantitative micro-

bial contamina-

tion/transfer 

Environmental surfaces contrib-

uted to persistence and transmis-

sion of MDROs. Patient-used 

common areas were more likely to 

be contaminated than nursing-used 

common areas. 

9 
Grigg et al. 

(2018) 

Available beds / facility 

capacity 

Underlying medical 

conditions; wound and 

device care 

Quantitative inva-

sive MRSA inci-

dence 

Nursing-home-onset cases ex-

ceeded hospital-onset cases, par-

ticularly among residents with 

known MRSA risk factors, rein-

forcing IPC during wound and de-

vice care. 

10 
Hababou et 

al. (2021) 

Infected surfaces; air 

ventilation 

Droplet/contact pre-

cautions; confinement; 

masks; handwashing 

Quantitative micro-

biological/environ-

mental outcomes 

Molecular investigation improved 

understanding of viral emergence 

and spread and supported more 

targeted disease-control ap-

proaches. 

11 

Hernandez-

Mejia et al. 

(2024) 

Waiting-room size; 

pathways; dis-

tance/spacing; separa-

tion; ventilation 

Healthcare workers; 

staff training 

Modelled airborne-

transmission out-

comes 

Greater distancing, separation, and 

ventilation decreased modelled 

airborne transmission; combined 

architectural and staff-manage-

ment interventions were recom-

mended. 

12 
Herzig et al. 

(2016) 

Airborne and surface 

transmission considera-

tions 

Vaccination; hand-

washing; symptom 

communication; train-

ing 

Quantitative pro-

gram/behavioral 

outcomes 

Nursing homes generally reported 

IPC programs consistent with 

guidelines, but programs varied 

widely; facilities with less experi-

ence/training were less likely to 

support continuing education. 
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# Author, year 
Environmental / built-

environment variables 

User / behavioral 

variables 
Outcomes Key findings 

13 
Innes et al. 

(2015) 

Design of patient and 

family waiting areas 

Waiting time / patient-

care processes 

Qualitative environ-

mental outcomes 

Emergency-department waiting ar-

eas were identified as environ-

ments with potential disease-trans-

mission risk, underscoring the im-

portance of waiting-area design. 

14 
Juan et al. 

(2016) 

HVAC systems; ventila-

tion; indoor air quality; 

hygiene-station provi-

sion; renovation design 

Energy consumption; 

sustainability consid-

erations 

Built-environment / 

efficiency outcomes 

The study proposed HVAC, in-

creased ventilation, and hygiene 

stations in waiting areas as design 

measures to reduce infectious-dis-

ease transmission in converted 

healthcare facilities. 

15 
Kane et al. 

(2018) 

Continuous/shielded 

UV-C light; room-level 

air treatment; ventilator 

environment 

Antibiotic use; room 

cleaning; glove/gown 

compliance; isolation 

practices 

Quantitative HAI 

rates 

HAI rates were lower in rooms 

with UV-C treatment. Findings 

suggest continuous UV-C-treated 

air may reduce HAI and provide a 

nonstaff-dependent environmental 

intervention. 

16 
Kennedy et 

al. (2024) 

Ventilation direc-

tion/control; hospital in-

frastructure; common-

area design 

Airborne-infection iso-

lation; PPE training; 

visitor screening 

Environmental in-

fection-control out-

comes 

Visitor screening and ventilation 

direction/control were identified 

as important hospital design and 

infrastructure considerations for 

limiting nosocomial transmission. 

17 
Latour et al. 

(2022) 
Environmental hygiene 

Medical devices; care 

compliance; antimi-

crobial practices 

Quantitative HAI 

and antimicrobial-

use outcomes 

IPC practices improved over time, 

but infection prevalence and anti-

biotic use did not decline signifi-

cantly, indicating a need for 

stronger and more standardized 

IPC approaches. 

18 
Marcus et al. 

(2017) 

Copper oxide-impreg-

nated linens, patient 

clothing, and towels 

Antibiotic use; care 

compliance; symptom 

reporting; ventilator 

care 

Quantitative HAI 

indicators and anti-

biotic use 

Copper oxide-impregnated textiles 

significantly reduced HAI indica-

tors and antibiotic use. 

19 
Marsh et al. 

(2020) 

Natural/roof ventilation; 

separation of waiting ar-

eas; patient flow; space 

flexibility 

Accessibility; security 
Qualitative design 

outcomes 

Increased ventilation and separa-

tion of waiting areas were associ-

ated with safer conditions and re-

duced potential for airborne trans-

mission among patients, families, 

and staff. 

20 
McKinley et 

al. (2023) 

Contaminated surfaces 

and rooms; high-touch 

surfaces; private/semi-

private rooms 

Environmental-ser-

vices cleaning behav-

ior; patient pres-

ence/absence 

Quantitative clean-

ing rates plus quali-

tative contextual 

findings 

Daily cleaning rates of environ-

mental-surface were low. Cleaning 

was more frequent for high-touch 

surfaces and when patients were 

absent, highlighting challenges 

when occupied rooms are cleaned. 

21 
Muller et al. 

(2016) 

Antimicrobial surfaces; 

location of treated sur-

faces 

Hand hygiene; proto-

col compliance 

Quantitative micro-

bial contamina-

tion/infection out-

comes 

Copper surfaces reduced microbial 

contamination in included studies, 

but overall evidence was limited 

and depended on the surface type 

and healthcare setting. 
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# Author, year 
Environmental / built-

environment variables 

User / behavioral 

variables 
Outcomes Key findings 

22 
Nielsen et al. 

(2019) 

High-touch surface ma-

terials and cleaning 

Training of clinicians 

and environmental-ser-

vices staff 

Quantitative infec-

tion-control out-

comes 

The study emphasized cleaning 

high-touch surface areas as an im-

portant measure for preventing 

transmission of nosocomial infec-

tions. 

23 
Olmsted 

(2016) 

Construction/design; 

ventilation; environmen-

tal decontamination 

Risk of exposure 
Qualitative built-en-

vironment outcomes 

The study reported that the built 

environment influences infection 

prevention and control, including 

through ventilation and environ-

mental-source decontamination. 

24 
Peerless et al. 

(2024) 

HVAC; outdoor-air in-

troduction; recirculated-

air filtration; portable air 

cleaners 

Adherence to IAQ 

practices; staff train-

ing; communication 

Quantitative envi-

ronmental/IAQ out-

comes 

Many LTCFs did not adhere to rec-

ommended IAQ practices; defi-

ciencies included inadequate out-

door air, insufficient filtration, and 

inconsistent portable air-cleaner 

use. 

25 

Poovelikun-

nel et al. 

(2020) 

Doorways; ventilation; 

airflow direction; 

lobby/corridor relation-

ship 

Staff training; HEPA 

filtration 

Quantitative envi-

ronmental outcomes 

Ventilation design and airflow di-

rection helped prevent airborne 

pathogens from entering adjacent 

lobbies and corridors. 

26 
See et al. 

(2025) 

Patient-room context; 

feeding tubes/medical 

devices 

Wounds; RN staffing; 

resident clinical/func-

tional needs; quality of 

care 

Quantitative inva-

sive MRSA rates 

Facilities with higher invasive 

MRSA rates served residents with 

greater clinical and functional care 

needs; increased RN staffing in 

high-risk facilities may support 

prevention. 

27 
Stockwell et 

al. (2020) 

Waiting-room design 

for distance/separation; 

patient-room and wait-

ing-room cleaning 

Contact precautions 
Quantitative envi-

ronmental outcomes 

Waiting-room separation, clean-

ing, and contact precautions were 

identified as practices that may re-

duce cross-infection risk among 

people with cystic fibrosis. 

28 
Tang & Chen 

(2023) 

Ventilation; modular 

construction; hospital 

layout; patient flow 

Risk of infection to 

staff and patients 

Quantitative built-

environment out-

comes 

The study indicated that evidence-

based hospital design, including 

layout and ventilation considera-

tions, can reduce the risk of noso-

comial infection. 

29 
Van Tiem et 

al. (2020) 

Layout/design of resi-

dent rooms; common ar-

eas; ventilation 

Environmental-ser-

vices cleaning rou-

tines, knowledge, atti-

tudes, and beliefs 

Qualitative behav-

ioral/environmental 

findings 

Environmental-services workers 

offered practical IPC insights and 

were willing to participate in pol-

icy development; incorporating 

their perspectives may improve 

LTCF infection-control strategies. 

30 
Wistrand et 

al. (2024) 

Operating-room ventila-

tion; instrument cover-

age 

Staff and patient safety 
Quantitative envi-

ronmental outcomes 

Ventilation and instrument cover-

age had a significant impact on 

decreasing air contamination in 

operating-room settings. 
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