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INTRODUCTION
A healthcare facility must be a place designed to prevent harm 
to patients and deliver quality care in a safe environment. 
However, despite the best efforts of the healthcare profession, 
healthcare-associated infections (HAIs) continue to be a life-
altering and even lethal threat to patients. According to the 
Centers for Disease Control and Prevention (CDC), about  
1.7 million infections occur annually, with 99,000 associated 
deaths with one in 25 patients acquiring at least one HAI 
while being treated in a healthcare facility [1]. While ongoing 
improvements in infection prevention and environmental 
services protocols reduce the risk of HAIs, studies have 
demonstrated that these strategies are inhibited by surface 
pathogens that persist after routine and terminal cleaning and 
disinfection [2]. Thus, patients remain at risk for acquiring an 
HAI while hospitalized. Hence, a major barrier to creating a safe 
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ABSTRACT
Approximately 1.7 million infections occur annually in U.S. hospitals, with one in 25 patients acquiring a healthcare-associated infection (HAI) while hospitalized. Ongoing 
improvements in infection prevention and control protocols and processes reduce the risk of HAIs, but these are inhibited by surface pathogens that persist after routine 
cleaning and disinfection. It is unknown whether various surfaces and products in the healthcare setting are damaged by disinfectants creating invisible microbial reservoirs 
and ultimately, increasing the risk of transmitting pathogens. There are a variety of guidelines and recommendations to ensure equipment and surfaces can be cleaned and 
disinfected for safe use in the clinical setting, but no uniform approach exists for testing and product claims. Additionally, the life cycle of built environment surfaces and 
assembled clinical equipment may be greatly shortened by surface degradation, impacting cost and organizational sustainability goals. This consensus paper was developed 
to highlight gaps in evidence and recommend future action to a variety of stakeholders.
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environment for patients and workers is the continuing lack of 
evidence on healthcare surfaces’ crucial role in harboring and 
spreading pathogens.

While progress has been made in mitigating the spread 
of airborne pathogens and increasing disinfection practices, 
the cleanability of surfaces is a fundamental area of concern 
that is sorely neglected and critical for ensuring the efficacy 
of these practices. The COVID-19 pandemic prompted 
healthcare professionals to become increasingly diligent about 
cleaning and disinfecting surfaces multiple times a day, but 
a critical question to be answered is whether these surfaces, 
materials, or products can be cleaned and disinfected using 
hospital-grade, Environmental Protection Agency (EPA)-
registered disinfectants without causing damage. Once 
surface damage occurs, the true cost of product replacement 
becomes significant for healthcare facilities. It is also unknown 
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how soon disinfectant-caused damage creates invisible 
microbial reservoirs in real-world settings, increasing the risk of 
transmitting pathogens [3]. 

There are many different surface materials and textiles in 
healthcare settings. It is rare that the built environment or any 
one product is made with only one surface material, so it is 
important to understand whether manufacturer guidelines 
indicate if all assembled materials can be cleaned and 
disinfected with the same product or method [4]. Otherwise, 
the disinfectant may cause microscopic damage to the surface 
and inhibit its cleanability [3, 5].

The surfaces selected and used on products and within 
the built environment are potential fomites for transmitting 
pathogens, yet little is known about the pathways and speed at 
which surfaces become contaminated and how quickly cross-
contamination occurs. Huslage and colleagues introduced 
and defined the idea of high-touch surfaces without observing 
human behavior and understanding how people interact with 
surfaces [6]. The idea of prioritizing attention on high-touch 
surfaces for cleaning and disinfection proved to be somewhat 
effective, but there was conflict around what constitutes a 
high-touch surface, leading to inconsistencies in practice.

Therefore, a greater focus is needed on the design, 
construction, and operation of healthcare facilities and 
medical equipment to further reduce the spread of HAIs. 
In addition to creating facilities that are safer and more 
streamlined for better cleaning and disinfection, enhanced 
testing of product components pre-production is essential to 
mitigating surface degradation in real-world practice settings. 
Unfortunately, this type of testing lags behind the manufacture 
of new products and technology. 

Many factors support microbial survival [7]. For example, 
environmental surfaces can support previously aerosolized 
pathogens and provide a safe harbor once attachment to 
surfaces occurs [8]. Humidity plays a key role, and there is 
evidence that certain types of microbes may grow on surfaces 
as biofilms [9-11]. A related concern is the availability of broad 
evidence that establishes firm links between construction 
and care of the built environment and reductions in HAIs 
[12, 13]. Indeed, the primary focus against infections 
has shifted from prevention to mitigation strategies using 
antimicrobial medications in the past few decades. However, 
widespread microbial resistance to antibiotics and other 
chemotherapies are forcing a revival of interest in preventive 
strategies including environmental cleaning and disinfection, 
implementation of cleanable surfaces, and ensuring  
product compatibility. 

Damage to surfaces may occur at a microscopic level 
from cleaning and disinfection processes, thus compromising 
routine decontamination practices and increasing potential 
health risks to patients [3, 14]. A greater research emphasis is 
needed regarding compatibilities between surface materials 
and disinfectants, as well as research on the potential of 
surfaces to support microbial growth. In addition, common 
terms such as “clean” and “disinfectant” remain ill-defined, 
meaning different things to different stakeholders such  

as manufacturers, infection preventionists, and  
regulators/policymakers. 

Increasing the complexity of the problem is the wide variety 
of non-porous and porous materials (e.g., countertops and 
textiles) within healthcare settings. There are also devices and 
medical/surgical equipment that require their own cleaning 
and disinfection protocols. Many such devices are a composite 
of materials requiring their own Instructions for Use (IFUs) for 
cleaning, disinfecting or reprocessing. 

In summary, issues surrounding environmental surfaces 
and healthcare devices lack the necessary research and 
evidence to produce clear, unambiguous guidance, and need 
to be collaboratively addressed by a variety of disciplines in a 
meaningful and scientifically robust manner. Sustainable infection 
prevention solutions will not be found until healthcare surfaces 
become a primary focus of research and innovation.

CONSENSUS DEVELOPMENT PROCESS
In 2015, the first Healthcare Surfaces Summit was held to discuss 
the many issues regarding surfaces, cleaning and disinfection, and 
HAIs. The Summit’s goal was to bring together a diverse group 
of healthcare professionals, academic and industry researchers, 
and manufacturing representatives to understand this issue 
and propose solutions. Some 30 experts representing infection 
preventionists, nursing professionals, academics, facility managers, 
and manufacturers were invited to participate. It was agreed that 
systematic efforts are needed to close the identified knowledge 
gaps, strategize research priorities, and develop consistent 
guidelines. In 2016, the Healthcare Surfaces Institute (HSI) was 
incorporated as a 501(c)(3) non-profit organization with the 
mission of addressing the evidence gaps and achieving consensus 
regarding priorities and solutions for industry, academia, and 
the service sectors. Analysis of published research has led to the 
creation of this consensus paper. 

STATE OF THE SCIENCE
The wide variety of perspectives and backgrounds of the group 
members was valuable to understanding the state of the science 
for healthcare surfaces. It quickly became evident that a literature 
review was necessary to identify gaps in the evidence and plan 
a research agenda. A systematic review of the literature was 
undertaken in collaboration with several university faculty members 
who were also members of the HSI Board of Directors. The scope 
of the review was broad rather than a focused clinical question. 
Scientific literature databases were searched and evidence was 
gathered to answer the question, “What role do environmental 
surfaces play in the transmission of pathogens in healthcare 
settings?” Research reports published in peer-reviewed journals 
were retrieved and analyzed by the systematic review team. Of 
note, many publications exist from a wide variety of organizations 
and individuals that provide high value in understanding the role of 
surfaces in the transmission of pathogens. However, most of these 
publications exist in the “grey literature,” outside of the control 
of commercial publishers, and were not evaluated by blinded 
reviewers [15]. More recent systematic reviews reflect the rapid 
increase of publications regarding surfaces [16]. 
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Table 1: Research Recommendations

Research Design

Randomized controlled trials (RCTs) are the gold standard for reducing 
bias, yet this type of study design is uncommon when researching 
surfaces except when evaluating education of the role of Environmental 
Services (EVS) personnel or other clinical staff practices. RCTs may not  
be practical for some research questions, but designing observational 
studies controlled to minimize bias across multiple settings and 
conditions can add validity and reproducibility to the findings. For 
example, improving sample size and sampling strategies and identifying 
sources of testing materials increases transparency. Laboratory-based 
studies can conform to the Microbiology Investigation Criteria for 
Reporting Objectively (MICRO) checklist described by Turner and 
colleagues when publishing to ensure the quality and comparability of 
results, and facilitate meta-analyses [20].

Testing and Sampling Methods

There is no consensus on standardized test methods to determine 
cleaning effectiveness or pathogen removal. Large studies are needed 
to evaluate when, where, and how to test surfaces and establish validity 
and reliability of results. Additionally, minimum standards should be 
required for testing product surface materials for healthcare  
disinfectant compatibility. In a related study, Sattar and colleagues 
reported encouraging research results on wiping methods for  
microbial decontamination [21]. Additional studies on wiping and  
other aspects of testing and sampling methods are necessary to  
explore this gap in evidence.

Surface Degradation from Chemical Incompatibility  
of Disinfectants and Surface Materials

Microscopic damage is not noticeable until surface breakage occurs. 
Research is needed to identify when damage begins to occur and when 
damage is significant enough to support proliferation of microbes that 
harbor within the surface materials of products. In essence, what are 
surface materials’ lifecycles for successful cleaning and disinfection? 

Point-of-care (clinical) Research

It is clear from the published studies that the body of evidence could 
greatly benefit from additional clinical studies in the real-world setting 
to supplement laboratory experiments. While lab-based studies 
evaluate necessary disinfection kinetics, they utilize a limited variety 
of surfaces, pathogens and cleaning methods meaningful to the built 
environment of hospitals and their unique microbial profile [16]. 
Additional clinical studies are necessary to determine which products, 
practices and surfaces contribute to reduction of HAIs.

Interestingly, several international work groups have 
made progress in addressing related issues. However, none 
have convened a group to address surfaces broadly. Peters 
and colleagues reported using a similar approach to gaining 
consensus during the Healthcare Cleaning Forum at the 
Interclean trade show in Geneva, Switzerland [17]. Roques 
and colleagues had previously identified similar concerns and 
priorities in a consensus paper from a European workgroup 
[18]. The American Industrial Hygiene Association (AIHA) 
published a focused white paper on disinfection practices 
using germicidal ultraviolet radiation in the workplace [19]. 
Besides defining key terms, the white paper reiterated 
recommendations to prevent adverse effects from worker 
exposure to ultraviolet radiation with Threshold Limit  
Values (TLVs).

Peters and colleagues provided a glossary of terms 
related to hospital cleaning to facilitate understanding of 
their recommendations [17]. These definitions allowed for 
consistency during forum discussions. However, there is little 

consensus in the literature or published recommendations and 
guidelines on definitions of key terms. The consensus paper  
from Roques and colleagues in 2015 noted the same “lack  
of a common language or lexicon” to define terms and 
recommended clarification of terms be a primary priority of 
expert workgroups [18]. The lack of consensus on definitions of 
key terms (such as “clean” and “disinfected”) has exacerbated 
the confusion surrounding recommendations from different 
organizations. In fact, over 30 professional organizations 
have disseminated guidelines on cleaning and disinfection of 
surfaces in healthcare environments.

RECOMMENDATIONS
The consensus group agreed that several general 
recommendations would be helpful to constituents, as well as 
specific stakeholder calls to action. General recommendations 
will be discussed first, followed by research design 
recommendations (Table 1) and suggested actions for specific 
stakeholders (Table 2).
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Table 2: Stakeholder Recommendations

Evaluation of Manufacturer Product Claims

Analyzing product claims can be challenging for many reasons. Consumers 
should request and receive full product testing information and critically 
evaluate the consistency of testing methods and pathogens used in studies. 
Evaluating manufacturer surface degradation testing may be helpful prior to 
purchase of products or materials. Value analysis teams, healthcare design 
professionals and purchasing collaboratives can evaluate and disseminate 
critiques of products and materials to ensure a thorough vetting occurs  
prior to purchase of healthcare products.

Supply Chain Professionals and Biomedical Technicians

Healthcare facilities can assist with the validation of product claims by 
maintaining a surface database of purchase and removal-from-service 
dates, from which studies can be designed with minimal risk of bias and 
maintain the confidentiality of the organization in the dissemination of 
findings. Facilities considering purchasing products can preferentially use 
vendors who sell products with certified claims for antimicrobial features 
and degradation. Participating in a structured value analysis process can 
facilitate communication, identify key issues for purchasing consideration 
and support evidence-based decision making.

Environmental Services and Nursing

Prevention of HAIs depends on healthcare workers to properly clean and 
disinfect the hospital environment, comply with all infection prevention 
protocols, and keep equipment or surfaces in good working condition. 
A multitude of healthcare professionals provide patient care, all ranging 
in knowledge and compliance with recommended practices. It is likely 
that pathogens are transferred without knowledge of contamination by 
an employee. For example, in one study, 42% of nurses’ hands were 
contaminated with MRSA even though they had no direct contact with 
a patient’s wound or urine [22]. Beyond compliance with protocols, 
healthcare professionals can help prevent HAIs through:
•	 Cleaning and disinfection with the recommended products, in the 

manner described by the manufacturer. 
•	 Ensuring proper equipment use and removal of visibly damaged 

equipment promptly.
•	 Participating in quality improvement and harm reduction activities  

to identify system issues influencing compliance.
•	 Communicating with organizational leadership to identify safety issues 

that put patients and employees at risk.
•	 Educating patients, families and visitors about preventing  

the spread of infections.
•	 Disseminating outcomes and case reports internally and externally  

to prevent harm and share best practices. 

Multiple stakeholders contributed to recommendations to improve safety, enhance communication, and provide stewardship of 
financial resources related to healthcare surfaces.

GENERAL RECOMMENDATIONS
Identify or revise new/existing guidelines for testing, cleaning 
and disinfection, and other terms. Standardized guidelines and 
terminology should be proposed, reviewed, and disseminated 
to stakeholders for comment and organizational adoption. This 
may serve to reduce disparities in understanding and practices 
between different areas of expertise. Another recommendation 
is to standardize the template for IFUs to improve readability, 
clarity and consistency for multiple healthcare roles involved in 
cleaning and disinfection.

RESEARCH RECOMMENDATIONS
HSI’s literature review identified key areas of evidence lacking 
in the literature, with priorities affirmed by expert consultants 

working in each field. It was observed that although literature 
concerning cleaning and disinfecting practices exists, there are 
significant gaps in knowledge regarding surface-disinfectant 
compatibility. Future research can help validate and provide 
support for product claims regarding surface-disinfectant 
compatibility in clinical settings. Equally important is the need to 
identify healthcare partners to participate in clinical site research 
that produces new knowledge from which leaders can make 
informed decisions.

SUMMARY AND CONCLUSIONS
Although some progress to advance knowledge on the role 
of healthcare surfaces in the transmission of pathogens has 
occurred, much work remains to be done. Collaborative 
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Table 2: Stakeholder Recommendations (cont'd)

Infection Preventionists

Infection prevention practitioners (IPs) are on the front lines of combatting 
HAIs. Their role and responsibilities include every aspect of product 
selection and use, including evaluating chemicals and processes for 
cleaning and disinfection claims and appropriateness for the facility’s 
particular environment. IPs have the practical expertise to identify and 
evaluate issues but do not have the tools or authority to influence change 
with industry/manufacturers. Several recommendations for IPs  
to effect change are: 
•	 Access and use validated standards for comparing the testing of  

surface materials and cleaning agents with manufacturer’s  
supporting documentation for clinicians. 

•	 Identify when IFUs are in conflict with organizational  
protocols for disinfection.

•	 Gain membership and/or participate in decision-making bodies within 
their organizations, as consultants to industry, and as representatives in 
national decision-making groups.

Manufacturers

Surface material and product manufacturers are focused on bringing 
innovation to the market to reduce risk, improve patient care, and control 
costs. One of the challenges manufacturers face is insufficient knowledge of 
the infection prevention requirements within any given healthcare setting. 
There are hundreds of proprietary disinfectants, and testing each of these 
could be extremely costly. Understanding how disinfectants are used in the 
healthcare setting provides a better projection of potential and ongoing 
compatibility issues. It is possible that several categories of disinfectants 
may be used throughout the day based on various types of infection 
prevention guidelines and the level of patient care (e.g., manual disinfection 
immediately followed by UV disinfection of operating room equipment). 
Currently, manufacturers provide instructions for use (IFUs) documents in 
addition to care and maintenance guidelines for purchasers. This document 
typically provides brief information for healthcare professionals about which 
disinfectants can be used and often prescribes a recommended proprietary 
disinfectant. Unfortunately, these instructions are often not aligned with 
cleaning and disinfection products the healthcare facility may use. Increased 
transparency in testing is necessary for product cleaning, disinfection, and 
durability, including details of surface exposure and degradation time periods. 
We recommend that raw surface materials be tested for surface disinfectant 
compatibility before materials are selected for the design of products or used 
in the built environment. This may help manufacturers avoid costly repeat 
applications for product design changes. Standardized testing for pathogens 
and degradation using distinct classes of disinfectants and cleaning agents 
should be part of routine product disclosures and the regulatory (e.g., FDA) 
approval process.

efforts between researchers, manufacturers, healthcare 
professionals, regulatory/policy leaders, and advocates 
can build upon the excellent work to date. Cost-effective 
solutions to patient and employee safety issues can be 
supported by the enhancement of products used in the 
healthcare setting, bolstered by advances in science, 
manufacturing, and healthcare facility design. In addition, 
healthcare facilities executives can lead sustainable 
change by incorporating evidence into decision making. 
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