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Abstract
Population ageing and the institutionalisation of older adults require solutions that enhance safety, 
improve comfort, and reduce operational burden in residential care settings. This study assessed the 
impact of Shellty® technical bed sheets in a Portuguese nursing home with 40 residents over three 
months, combining microbiological validation under real-use conditions with operational indicators 
and feedback from professionals and residents. The sheets were implemented across all beds, with 
digital recording of usage time, number of washes, and intervals between changes. In parallel, samples 
from sheets under prolonged use were collected to quantify microbial load and detect Escherichia 
coli, Enterobacteriaceae, Staphylococcus aureus, and Klebsiella pneumoniae. Longer intervals between 
sheet changes, fewer laundry cycles, and less time spent on bed changes were observed, alongside 
reports of greater comfort and a sense of continuous hygiene. In all samples, target microorganisms 
remained below the detection limit and total microbial counts stayed low, with no upward trend accor-
ding to duration of use or number of washes. These findings suggest that Shellty® technical bed sheets 
combine microbiological safety with relevant operational gains and may represent a promising textile 
alternative to improve biosafety, optimise resources, and support the quality of geriatric care.

Keywords: Shellty® technical bed sheets; microbiological safety; geriatric care; operational sus-

tainability; nursing homes.
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Resumo
O envelhecimento populacional e a institucionalização de idosos exigem soluções que aumentem 
a segurança, melhorem o conforto e reduzam a carga operacional nos lares de idosos. Este estudo 
avaliou o impacto dos lençóis técnicos Shellty® num lar de idosos português com 40 residentes, ao 
longo de três meses, combinando a validação microbiológica em condições reais de utilização com 
indicadores operacionais e feedback de profissionais e residentes. Os lençóis foram implementa-
dos em todas as camas, com registo digital do tempo de utilização, número de lavagens e inter-
valos entre as mudas. Paralelamente, foram recolhidas amostras dos lençóis em uso prolongado 
para quantificar a carga microbiana e detetar Escherichia coli, Enterobacteriaceae, Staphylococcus 
aureus e Klebsiella pneumoniae. Observou-se um maior intervalo entre as trocas de lençóis, um 
menor número de ciclos de lavagem e um menor tempo despendido na troca de roupa de cama, 
juntamente com relatos de maior conforto e sensação de higiene contínua. Em todas as amostras, 
os microrganismos alvo mantiveram-se abaixo do limite de deteção e a contagem microbiana total 
manteve-se baixa, sem tendência para aumentar em função da duração da utilização ou do número 
de lavagens. Estes resultados sugerem que os lençóis técnicos Shellty® combinam a segurança 
microbiológica com ganhos operacionais relevantes e podem representar uma alternativa têxtil 
promissora para melhorar a biossegurança, otimizar os recursos e apoiar a qualidade dos cuidados 
geriátricos.

Palavras-chave: Lençóis técnicos Shellty®; segurança microbiológica; atendimento geriátrico; 

sustentabilidade operacional; lares de idosos.

Introduction

The world is ageing rapidly: the proportion of people aged 65 years and over is projec-
ted to rise from around 10% in 2022 to 16% in 2050, with direct implications for the demand 
for long-term care (United Nations Department of Economic and Social Affairs, Population 
Division, 2022). In the European Union, population ageing is already pronounced, with 
21.6% of the population aged 65 years and over on 1 January 2024, and official projections 
indicate increasing pressure on health and long-term care expenditure over the coming 
decades (Eurostat, 2025; European Commission & Economic Policy Committee, 2024).

Healthcare-associated infections remain a major patient safety challenge. In acute care, 
7 in 100 patients in high-income countries and 15 in 100 in low- and middle-income coun-
tries acquire at least one healthcare-associated infection, and 1 in 10 affected patients dies 
(World Health Organization, 2022a). In Europe, surveillance data indicate a substantial 
burden across hospitals and long-term care facilities, further aggravated by antimicrobial 
resistance, which was responsible for 1.27 million deaths globally in 2019 and is associated 
with more than 35,000 deaths annually in the EU/EEA (European Centre for Disease Pre-
vention and Control, 2013, 2022; Murray et al., 2022; World Health Organization, 2022b).

Textiles are part of this risk environment. Conventional bed sheets can accumulate 
substantial microbial load within 24 hours of use, while beds, mattresses, and adjacent 
surfaces may remain contaminated despite routine cleaning (Creamer & Humphreys, 2008; 
Fijan & Šostar-Turk, 2012; Fijan et al., 2005). Handling contaminated linen may also con-
tribute to occupational exposure and environmental dissemination (Bureau-Chalot et al., 
2004; Fijan et al., 2005). In this context, reducing both surface microbial load and the fre-
quency of handling represents a potentially relevant preventive strategy.

One possible approach is the bacteriostatic functionalisation of textiles, combined 
with a fluid-impermeable barrier. By limiting microbial multiplication and preventing strike-
through, such materials may help reduce inoculum amplification, surface-to-hand transfer, 
and mattress contamination (Abu Jarad et al., 2024; Bibi et al., 2024; Creamer & Hum-
phreys, 2008). Their practical value may be particularly relevant in geriatric care, where 
high dependency, repeated bed handling, and staff workload increase both infection risk 
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and ergonomic burden (de Bienassis et al., 2021; George et al., 2023; Holden et al., 2011; 
Rogers et al., 2004).

Against this background, IHCare – Innovation Hospital Care developed the Shellty® line 
of bacteriostatic technical bed sheets with a fluid-impermeable membrane and CE marking 
as a Class I medical device, compliant with EN 13795 (European Committee for Standardi-
zation, 2019). However, laboratory performance alone is insufficient to demonstrate value 
in institutional practice, where repeated use, industrial laundering, and operational variabi-
lity may affect performance. Thus, the present study aimed to evaluate the use of Shellty® 
technical bed sheets in an institutional geriatric care setting, focusing on three comple-
mentary dimensions: microbiological safety under real-world conditions of use, operational 
implications associated with reducing the frequency of sheet changes and laundering, and 
perceived value for professionals and residents.

Methodology

This was an observational, descriptive, and longitudinal real-world study conducted 
in a residential care facility for older adults in Portugal. Shellty® technical bed sheets were 
implemented for three months across all beds in the institution. The evaluation combined 
microbiological analysis of sheets in use, operational monitoring of sheet-change intervals 
and laundry cycles, and structured collection of operational and perceived-value feedback 
from professionals and residents through the My Shellty digital application.

Feedback from professionals and residents was collected using a structured instrument 
embedded in the My Shellty digital application, comprising closed fields and free-text 
observation fields. Professionals recorded their perceptions regarding ease of use, reduction 
in the physical effort associated with bed linen changes, perceived hygiene, and operational 
incidents. Where applicable, residents verbally reported perceptions of comfort and well-
being, which were recorded in aggregate form by staff, without individual identification. 
No clinical interviews were conducted, and no health data or personally identifiable data 
were collected.

Setting, product, and sampling

The product under evaluation was the Shellty Pro Care® technical bed sheet, a 
CE-marked Class I medical device compliant with EN 13795, made of 100% polyester inter-
lock fabric with a silver chloride-based bacteriostatic finish and a fluid-impermeable mem-
brane. The antimicrobial finish is intended to protect the treated textile surface by limiting 
microbial proliferation on the fabric and should not be interpreted as a stand-alone clini-
cal infection-prevention intervention. Inclusion criteria were traceable Shellty Pro Care® 
bed sheets, sampling immediately before a scheduled change, continuous use of at least  
120 hours, and a documented history of industrial laundering.

Each bed sheet carried a QR code enabling individual traceability through the My Shellty 
application. Scans recorded bed sheet identification, wash count, coded location, timestamps, 
and notes such as visible soiling. These records were used to calculate hours of use and con-
firm the number of industrial washes at the time of sampling, without collecting personal data.

Microbiological sampling and assays

Microbiological sampling was performed using sterile swabs at two predefined sites 
on each technical bed sheet, namely the central dorsal and lateral areas, using a 25 cm² 
template and 10 horizontal plus 10 vertical strokes applied with uniform pressure. Samples 
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were transported under refrigeration and processed within 6 hours in an accredited labora-
tory, with negative controls included in each analytical series. Analyses followed ISO refe-
rence methods: ISO 4833-1 for total aerobic count at 30 °C (International Organization for 
Standardization, 2021a), ISO 21528-2 for Enterobacteriaceae (International Organization 
for Standardization, 2017), ISO 16649-2 for Escherichia coli (International Organization for 
Standardization, 2001), ISO 6888-2 for coagulase-positive staphylococci, including Sta-
phylococcus aureus (International Organization for Standardization, 2023), and ISO 4832 
for Klebsiella pneumoniae (International Organization for Standardization, 2006b). Results 
are expressed as log₁₀ CFU/cm², and the limit of detection was 1 CFU/cm².

For clinical readability results obtained with the ISO 4832-based coliform screening 
approach are reported under the clinically familiar designation Klebsiella pneumoniae.

Operational and perceived-value feedback collection

Operational and perceived-value feedback was collected through the My Shellty appli-
cation during the implementation period of the technical bed sheets. The application ena-
bled structured recording of observations related to textile use, including ease of handling, 
perceived hygiene, reported comfort, need for replacement, visible soiling, and any rele-
vant operational incidents.

Feedback from professionals was collected during routine care activities and focused 
mainly on ease of use, reduction in the physical effort associated with bed linen changes, 
perceived safety/hygiene, and impact on work organisation. Where applicable, residents’ 
perceptions of comfort and well-being were verbally communicated to staff and recorded 
in aggregate form.

This feedback collection had an exclusively operational and exploratory purpose and 
did not constitute a formal clinical assessment or the application of a psychometrically 
validated questionnaire. No personally identifiable data, clinical data, or health data from 
residents or professionals were collected.

Material performance and data analysis

To contextualise material performance, independent laboratory certificates from the same 
technological batch were consulted for EN ISO 811, ISO 4920, EN ISO 13938-1, EN 29073-3, 
ISO 22610, and ISO 22612 (European Committee for Standardization, 1992, 2019; International 
Organization for Standardization, 2005, 2006a, 2012, 2018, 2019). These laboratory data were 
used to characterise the product but did not replace the in-use microbiological findings.

All technical bed sheets were laundered according to the facility’s standard industrial 
protocols. For each sampled sheet, hours of use, number of washes, and the presence of 
visible soiling were recorded. No inferential hypothesis testing was planned.

Ethics

The study focused exclusively on the operational use and performance of technical bed 
sheets, without clinical intervention, without modification of the care provided to residents, 
and without collection of human biological samples. Microbiological samples were obtai-
ned only from textile surfaces immediately before scheduled sheet removal.

Operational information was recorded through the My Shellty application, including 
sheet identification, number of washes, coded location, timestamps, and observations regar-
ding the condition of the textile. No names, clinical record numbers, clinical data, health data, 
or other personally identifiable data from residents or professionals were collected.
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Feedback from professionals and residents was collected voluntarily and in aggregate 
form, solely to assess usability, comfort, and perceived operational value. Whenever opi-
nions were collected, prior information was provided regarding the purpose of the evalua-
tion and the absence of personally identifiable data collection.

The study was authorised by the management of the participating institution, and all 
procedures were conducted in accordance with the facility's biosafety policies. The pre-
sent study involved no clinical intervention, no collection of human biological samples, no 
individual health data, and no personally identifiable data from residents or professionals. 
In accordance with applicable national legislation — specifically Law No. 21/2014 of 16 April 
(Clinical Research Act) and the General Data Protection Regulation (GDPR) — and given 
that microbiological sampling was performed exclusively on textile surfaces immediately 
before scheduled removal, without any direct human participation, formal approval by a 
Health Ethics Committee was not required. Notwithstanding this, the study was conducted 
in accordance with the principles of confidentiality, data minimisation, and data protection 
applicable under the GDPR.

Results

Sample, exposure, and operational context

Sampling took place immediately before scheduled change and prioritised sheets with 
continuous use of at least 120 hours. Three additional reference samples were analysed for 
temporal context: one collected at 0 hours and two collected at 25 hours. Hours of use, num-
ber of industrial washes, and individual sample traceability were recorded and verified through 
the My Shellty digital application. Sampling characteristics are summarised in Table 1.

Table 1
Exposure and reprocessing characteristics of Shellty® technical bed sheets at the time  
of microbiological sampling.

Sample ID Hours of 
use (h)

Industrial 
washes

Bed 
number

Sample ID Hours of 
use (h)

Industrial 
washes

Bed 
number

1 290 31 18 8 142 32 21

2 242 26 18 9 142 23 19

3 242 21 18 10 141 30 21

4 147 31 18 11 120 36 21

5 146 29 23 12 25a 30 23

6 146 27 16 13 25a 30 21

7 146 23 18 14 0 29 18

Note: aBaseline reference samples (one at 0 h and two at 25 h) for temporal context; excluded from 
prolonged-use (≥ 120 h) stratum summaries.

Microbiological surface load

Figure 1 shows the counts for the target microorganisms (Escherichia coli, Enterobacteria-
ceae, coagulase-positive staphylococci (Staphylococcus aureus) and Klebsiella pneumoniae) 
and the total aerobic mesophilic count at 30 °C (ISO 4833-1), expressed as log₁₀ CFU/cm².  
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All measurements below the limit of detection (LOD, 1 CFU/cm²) are reported as < 0.1 log₁₀ 
CFU/cm².

Figure 1
Target microorganisms and total aerobic mesophilic count at 30 °C by sample (log₁₀ CFU/cm²).

Across all 14 samples, the target microorganisms (Escherichia coli, Staphylococcus 
aureus, Enterobacteriaceae and Klebsiella pneumoniae) remained below the limit of detec-
tion (LOD; 1 CFU/cm²; reported as < 0.1 log₁₀ CFU/cm²). The total aerobic mesophilic count 
at 30 °C remained low throughout (approximately 0.6 – 1.7 log₁₀ CFU/cm²), with two iso-
lated peaks (samples 1 and 7, approximately 1.7 log₁₀ CFU/cm²), and showed no increasing 
trend with hours of use, number of washes or bed rotations. Notably, even in visibly stained 
technical bed sheets (e.g. yellowish discolouration), no relevant differences in microbial 
load were observed when compared with visually clean bed sheets, in this sample set, 
visible staining was not associated with higher microbial counts than those observed on 
visually clean sheets.

Physical integrity and surface properties

Visual and physical inspection revealed no tears, seam failures, or evident fabric 
degradation. No visible evidence of loss of hydrophobic performance was observed 
during routine use, supporting the apparent durability of the product under operational 
conditions.

Operational, economic and environmental gains

According to the operational model applied to the 40-bed facility, implementation of 
Shellty® technical bed sheets was associated with longer intervals between sheet chan-
ges, a reduction in the annual number of bed linen changes, and fewer laundry cycles. The 
model estimated annual operational savings of €13,393.27, corresponding to €334.83 per 
bed per year, as well as a reduction of 837.98 staff-hours associated with bed changes. After 
annualising the investment, the estimated net annual saving was approximately €8,500. A 
reduction in the environmental impact of washing and drying was also estimated, reflected 
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in lower water and electricity consumption and a smaller carbon footprint associated with 
textile processing. These values should be interpreted as indicative estimates based on 
assumptions representative of the current Portuguese market.

Discussion

This real-world study showed that the target microorganisms remained below the limit 
of detection in all samples and that the total aerobic mesophilic load at 30 °C remained 
low, with no increasing trend according to hours of use, number of washes, or bed rota-
tions. These findings support the proposed combined effect of bacteriostasis and a hydro-
phobic barrier and are consistent with published microbiological standards for hospital 
surface hygiene (Dancer, 2004).

This pattern contrasts with reports on conventional hospital textiles, where micro-
bial loads may rise rapidly during use and contamination may persist in beds, mattresses, 
and surrounding surfaces despite routine cleaning (Creamer & Humphreys, 2008; Dancer, 
2004; Fijan & Šostar-Turk, 2012; Fijan et al., 2005). In the present study, the observed loads 
remained well below operational thresholds cited for environmental hygiene, reinforcing 
the practical relevance of the microbial control achieved (Creamer & Humphreys, 2008; 
Dancer, 2004). The isolated mesophilic peaks observed in two samples are compatible 
with transient deposition and sampling variability and did not alter the overall containment 
pattern. The absence of meaningful differences between visibly stained and visually clean 
sheets further suggests that surface control depends primarily on the textile’s functional 
properties rather than on visible appearance alone.

Beyond microbiological control, the in-use observations showed preservation of 
structural integrity and hydrophobic performance after prolonged use and repeated 
laundering. This is consistent with prior standardised laboratory tests from the same 
technological batch, which demonstrated strong resistance to wet and dry bacterial 
penetration and compliance with relevant barrier standards (European Committee for 
Standardization, 2019; International Organization for Standardization, 2005, 2006a). 
Together, these findings support the role of Shellty® bed sheets as a durable protective 
barrier capable of limiting micro-organism transfer while also reducing the need for 
frequent handling.

These findings should be interpreted in the context of recent developments in func-
tionalised antimicrobial textiles. Many antimicrobial solutions used in hospital or institutio-
nal textiles rely on the incorporation of active agents, such as silver compounds, copper, 
or other bioactive finishes, with the primary aim of reducing microbial multiplication on 
the textile surface. Shellty® belongs to this technological family, as it incorporates a silver 
chloride-based bacteriostatic finish. However, its differentiating value does not lie solely in 
the antimicrobial agent itself, but in the way this finish is integrated into a technical textile 
solution specifically designed for geriatric care.

Compared with conventional antimicrobial approaches focused mainly on surface 
finishing, Shellty® combines four functional dimensions: silver chloride-based bacteriosta-
tic activity, a fluid-impermeable barrier, resistance to prolonged use, and digital traceabi-
lity of use and laundering cycles. This integration is particularly relevant in nursing homes, 
where microbiological safety depends not only on reducing microbial load on the textile 
surface, but also on preventing fluid strike-through to the mattress, reducing the handling 
of potentially contaminated linen, documenting use time and wash cycles, and lowering 
the physical workload associated with frequent bed changes.

The antimicrobial finish used in this technology is described as a silver-based, non- 
migrating and non-leaching solution designed to act in/on the treated textile. This is rele-
vant because it frames the antimicrobial function as protection of the treated article, rather 
than as a stand-alone disease-prevention claim.
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In the present study, the added value of this integrated architecture was observed 
under real-use conditions: target microorganisms remained below the detection limit, total 
aerobic mesophilic counts remained low, no increasing trend was observed according to 
hours of use or number of washes, and operational gains were recorded through fewer 
bed changes, fewer laundry cycles, and reduced staff time. Therefore, the main advantage 
of Shellty® should not be framed as the isolated superiority of silver chloride over other 
antimicrobial agents, but as the combination of microbiological control, barrier function, 
traceability, and operational efficiency within a single technical textile device adapted to 
the needs of geriatric care.

The operational implications are particularly relevant in geriatric care, where staff 
workload, physical effort, and efficient resource use are central concerns. Textile solutions 
that stabilise microbial surface load and safely extend change intervals may reduce both 
infectious exposure and ergonomic burden, while contributing to more sustainable care 
organisation (de Bienassis et al., 2021; Fuhrmann et al., 2015; Holden et al., 2011; Rogers 
et al., 2004). In the present study, the modelled reduction in bed changes, laundry cycles, 
staff time, and resource consumption supports this broader practical value.

This study has limitations. It was conducted in a single long-term care facility, invol-
ved a limited number of technical bed sheets, and did not include a concurrent con-
trol group using conventional cotton linen. In addition, only a defined panel of indicator 
microorganisms was assessed, and no clinical outcomes such as healthcare-associated 
infection rates or multidrug-resistant organism carriage were measured. These features 
are typical of an early-stage field evaluation and indicate the need for larger, controlled 
multicentre studies.

Future research should include formal cost-effectiveness and return-on-investment 
analyses, incorporating acquisition costs, durability after multiple laundering cycles, reduc-
tions in bed linen changes, water and energy consumption, staff time, and potential effects 
on infection prevention and safety indicators.

Overall, the findings suggest that Shellty® technical bed sheets may serve as a useful 
adjunct to infection prevention and control in geriatric institutional settings. By combining 
microbiological safety with potential operational, ergonomic, and environmental gains, 
they appear to offer a promising textile-based strategy to support biosafety and resource 
optimisation in long-term care.

Conclusion

Shellty® technical bed sheets demonstrated microbiological safety under real-world 
conditions of use and showed potential to generate operational gains in institutional geria-
tric care settings. The maintenance of a low microbial load, together with the possibility of 
reducing the frequency of sheet changes and laundering, suggests their value as a comple-
mentary measure for biosafety, resource optimisation, and improved organisation of care. 
Multicentre controlled studies may help to confirm the magnitude of these benefits across 
different care settings.
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