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         Module 5: Preventing HAIs
            Linked to Equipment & Environment

         
         
         
         
            
            
            A crucial component of infection prevention
               efforts in the healthcare facility is appropriate cleaning processes and management
               of medical equipment and the care environment. This module begins by discussing
               cleaning, disinfection, and sterilization of medical devices and equipment,
               including the Spaulding classification, before moving on to a discussion of
               monitoring and evaluation of cleaning processes. From there, we discuss cleaning
               processes for the environment of care, including collaboration with environmental
               services departments and others. We then proceed to management considerations of
               various systems within the facility, starting with ventilation and water management,
               followed by waste and laundry management. The module concludes with a discussion of
               construction and maintenance processes, including the use of infection control risk
               assessments and risk management processes during construction and maintenance
               activities.

            
            

         
         
         
         
   
      
         
         
         
         Section A: Equipment Classifications and Cleaning

         
         
         
         
            
            
            
               After
                  completing this section, learners will be able to:
               

            
            
            
            
               
               
               	
                  
                  
                  Identify and evaluate appropriate
                     cleaning, disinfection, and sterilization practices based on intended use
                     and classification of medical devices (e.g., Spaulding classification),
                     including principles of microbial inactivation and levels of
                     disinfection.

                  
                  

               
               

            
            
            
            This section begins with an explanation of the Spaulding
               classification. 

            
            

         
         
         
         
   
      
         
         
         
         The Spaulding
            Classification

         
         
         
         
            
            
            
            In order to ensure that the equipment used in
               healthcare settings is properly cleaned, disinfected, and sterilized, facilities
               make use of the Spaulding
                  classification, which divides medical
               equipment into three risk-based categories based on the intended use of the
               equipment: critical, semicritical, and noncritical. The IP must be familiar with
               these categories and what level of cleaning, disinfection, and sterilization each
               category requires. This knowledge should be shared with relevant staff at the
               medical facility. An overview of the Spaulding classification is provided in Exhibit 5-1.

            
            
            
            
               Exhibit 5-1: Spaulding Classification
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            The
               Association for the Advancement of Medical Instrumentation (AAMI) has designated
               environmental surfaces as a fourth category, which includes noncritical items as
               designated by the Spaulding classification as well as high-touch surfaces such as
               countertops, bed rails, and tray tables. (Environmental
                  cleaning is covered elsewhere.)

            
            
            
            All equipment used in healthcare facilities must
               be cleaned, disinfected, and/or sterilized (as applicable) according to the
               Spaulding classification.
               Additionally, all equipment approved for use in medical facilities must be cleaned
               and disinfected according to the manufacturer’s instructions for use (IFU), with
               which the IP must also be familiar (or at least be able to access when needed). The
               use of unapproved chemicals or processes could damage equipment or other
               instruments; it may also invalidate their warranties. It can also lead to patient harm.

            
            
            
            Manufacturers of FDA-cleared reusable medical
               devices, packaging systems, and sterilization equipment provide validated
               instructions on how to sterilize devices and operate sterilization equipment. Items
               cannot be assumed to be clean, decontaminated, or sterile unless the IFU have been
               followed. Critical and semicritical devices must be cleaned and high-level
               disinfected or sterilized accordingly.

            
            

         
         
         
         
         
            
            
            Critical Equipment

            
            
            
            
               
               
               
               Critical
                     equipment must be free from all microbial
                  contamination, including bacterial spores, when it enters sterile tissue, bone, or
                  the vascular system. This category
                  typically includes items such as surgical instruments, vascular access devices,
                  catheters, implants, and ultrasound probes used in sterile body cavities. Critical
                  equipment is typically purchased sterile, but it may also need to be sterilized
                  after purchase. CDC guidelines recommend that this be done via steam if possible,
                  but heat-sensitive items may require a different method, depending on their
                  composition. Critical items must be sterilized according to
                     the IFU.

               
               
               
               Disposable items such as scalpels, irrigation
                  sets, lancets, and intravenous devices are other examples of critical equipment that
                  may be used in medical facilities. The IP should be familiar with all critical
                  equipment in the facility, and staff should be knowledgeable about any critical
                  items that they may have to use during the execution of their duties. The IP should
                  ensure that they provide appropriate training related to storage, preparation, and
                  use of critical equipment, and they should also ensure that staff are aware of any
                  relevant expiration dates so that expired equipment is not used. As part of their
                  evaluation or surveillance processes, the IP should monitor the expiration dates of
                  sterile/critical equipment.

               
               

            
            

         
         
         
         
            
            
            Semicritical Equipment

            
            
            
            
               
               
               
               
                  
                  
                  
                  Semicritical
                     equipment
                   should be free from all microorganisms (i.e.,
                     mycobacteria, fungi, viruses, bacteria), although small numbers of bacterial
                     spores may still be present when the equipment comes in contact with mucous
                     membranes or non-intact skin during use.
                  

               
               
               
               Examples of
                  semicritical devices include:

               
               
               
               
                  
                  
                  	
                     
                     
                     Respiratory therapy and anesthesia
                        equipment.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Gastrointestinal endoscopes.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Bronchoscopes.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Laryngoscopes.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Esophageal manometry probes.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Anorectal manometry catheters.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Endocavitary probes (e.g., rectal
                        and vaginal probes).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Prostate biopsy probes.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infrared coagulation devices.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Diaphragm fitting rings.

                     
                     

                  
                  

               
               
               
               These and other
                  pieces of semicritical equipment require high-level disinfection or
                  sterilization for reprocessing. Before using any semicritical equipment, items,
                  or devices, HCP must read the IFU. Sterilize reusable semicritical items that
                  are manufacturer-validated for sterilization, if possible. Staff should receive
                  competency training and evaluation on the safe use and reprocessing of the
                  equipment.

               
               

            
            

         
         
         
         
            
            
            Noncritical Equipment

            
            
            
            
               
               
               
               Many
                  of the devices commonly used in medical facilities are classified as noncritical.
                  Noncritical equipment does
                  not need to be sterile, but it should come into contact only with intact skin.
                  (Healthy and intact skin is an effective barrier against microorganisms.)
                  Noncritical items can be decontaminated, cleaned, and disinfected where they are
                  used; there is no need to send them to a dedicated processing area or facility.

               
               
               
               Noncritical items can be divided into two
                  subcategories: patient care
                  equipment and environmental surfaces. Examples of each are shown in Exhibit 5-2.

               
               
               
               
                  Exhibit 5-2: Noncritical Items in Healthcare Facilities
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                                             razors

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Crutches
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                                          Blood pressure
                                             cuffs
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                                          Bedside
                                             tables

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Patient furniture

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Counters

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Sinks

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Floors
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               Even though noncritical items do not need to be
                  sterile, this does not mean that they can be shared between patients. Any noncritical equipment used
                  on a patient (for example, a
                  stethoscope or a blood pressure cuff) must be cleaned and disinfected prior to being
                  used on another patient.

               
               
               
               
               When cleaning noncritical equipment and surfaces, bleach solutions should only be
                  used in accordance with manufacturers’ IFU and in situations where it will not cause
                  damage. If noncritical items and surfaces are contaminated with blood or other
                  bodily fluids, they should be cleaned and disinfected using EPA-approved products
                  with an HIV or HBV label claim. For large blood spills, the CDC has reported that
                  studies demonstrate that a 1:10 solution of EPA-registered hypochlorite solution
                  inactivates bloodborne viruses and can minimize the risk of infection to HCP during
                  cleanup.

               
               

            
            

         
         
   
      
         
         
         
         Cleaning Methods

         
         
         
         
            
            
            
            
            All necessary stakeholders should have access to
               the resources and information they need in order to correctly and appropriately
               maintain the facility and its equipment.

            
            
            
            Cleaning and disinfection policies, processes, and product
               information should be contained in the facility’s IPC plan. The IP should work in
               consultation with the EVS department to develop this portion of the plan, which
               includes:

            
            
            
            
               
               
               	
                  
                  
                  The
                     environmental cleaning and disinfection schedule.

                  
                  

               
               
               
               	
                  
                  
                  Equipment cleaning policies and requirements.

                  
                  

               
               
               
               	
                  
                  
                  A list
                     of approved cleaning and disinfecting products.

                  
                  

               
               
               
               	
                  
                  
                  Information on the storage of clean, sterile supplies.

                  
                  

               
               
               
               	
                  
                  
                  Enhanced cleaning and disinfection guidelines (e.g., for
                     outbreaks).

                  
                  

               
               

            
            
            
            The IP should also work with EVS to develop
               proper procedures for routine cleaning and disinfection of environmental surfaces,
               especially high-touch surfaces and common areas. Sometimes, a medical facility may
               outsource cleaning and disinfection procedures to a contractor. In such cases, the IP should verify that they perform as stipulated—that is,
                  the procedures, chemicals, safety measures, and schedules are being
                  maintained. Whether cleaning is done with in-house personnel or outsourced,
               the IP is responsible for ensuring that the chemical agents used in their healthcare
               facility are used correctly, according to the IFU, and have been approved for
               infection prevention.

            
            
            
            Implementing improvements in environmental
               cleaning and disinfection is an important part of preventing the transmission of
               pathogens and reducing HAIs. These improvements may include product substitutions,
               increased or additional staff education, better monitoring and feedback processes,
               and altering existing schedules.

            
            
            
            
               Key Point

               
                  
                  
                  In
                     casual conversation, “cleaning,” “disinfection,” and
                     “sterilization” are often used somewhat interchangeably.
                     However, in healthcare they have distinct meanings, and the
                     IP must understand the differences between them and convey
                     these differences to relevant staff, both during and after
                     training.

                  
                  

            
            

         
         
         
         
         
            
            
            Cleaning

            
            
            
            
               
               
               
               Cleaning is the physical removal of dirt, bodily fluids, or other
                  organic matter from a surface or piece of equipment. It is the required first step
                  in any disinfection process, because any soiling or organic material may interfere
                  with the effectiveness of any disinfection (or sterilization) procedures. Cleaning
                  surfaces and equipment:

               
               
               
               
                  
                  
                  	
                     
                     
                     Prevents the drying of blood and tissue (easier to clean).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Reduces the bioburden and removes foreign materials.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Reduces the possibility of spillage or aerosolizing contaminants into the
                        environment.

                     
                     

                  
                  

               
               
               
               It is important to emphasize that cleaning does
                  not necessarily remove all pathogens from a surface. Rather, it reduces the number
                  of potential pathogens to the point that their presence is unlikely to cause harm.
                  A
                  clean surface cannot, therefore, be presumed to be disinfected or sterile.

               
               
               
               Cleaning is accomplished through a combination of
                  water, applied friction (“elbow grease”), and detergents (with or without an
                  enzymatic component). Cleaning may be either a manual or a mechanical process; these
                  are discussed later in this module.

               
               
               
               In “Guideline for Disinfection
                  and Sterilization in Healthcare Facilities,” the CDC recommends using a neutral or
                  near-neutral pH detergent solution for cleaning procedures. This is because such
                  solutions are compatible with most surfaces; they are less likely to corrode or
                  otherwise damage instruments. For the cleaning of organic soils (for example, blood
                  or pus), enzymes may be added to the detergent solution: proteases to remove
                  proteins, lipases to remove fats, and amylases to remove starches. If manual
                  cleaning includes the use of enzymatic cleaners, the CDC states that the instruments
                  used must be rinsed to remove any residual enzymes, which can cause adverse
                  reactions.

               
               
               
               
                  Key Point

                  
                     
                     
                     Cleaning and rinsing is the most important
                        step in the medical equipment re-use process. Thorough pre-cleaning is required
                        for all equipment before high-level disinfection and sterilization.

                     
                     

               
               

            
            
            
            
               
               
               Cleaning Procedures

               
               
               
               
                  
                  
                  
                  Best practices for environmental cleaning indicate that HCP should clean and
                     disinfect areas in a specific manner. Cleaning schedules and
                        procedures progress from the least soiled areas to the most soiled (patient zone) and from high surfaces to low
                        ones. Routine cleaning is necessary to maintain a basic standard of
                     cleanliness. Procedures must be effective, consistent, and
                     thorough. 

                  
                  
                  
                  Proceed from cleaner to dirtier areas to avoid spreading dirt and
                     microorganisms. Examples of this cleaning practice
                        include the following:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        During terminal cleaning, clean low-touch
                           surfaces before high-touch surfaces.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Clean patient areas (e.g., patient zones)
                           before patient toilets.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Within a specified patient room, terminal
                           cleaning should start with shared equipment and common surfaces, then
                           proceed to surfaces and items touched during patient care that are outside
                           of the patient zone, and finally to surfaces and items directly touched by
                           the patient inside the patient zone. In other words, high-touch surfaces
                           outside the patient zone should be cleaned before the high-touch surfaces
                           inside the patient zone.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Clean general patient areas not under
                           transmission-based precautions before those areas under transmission-based
                           precautions.

                        
                        

                     
                     

                  
                  
                  
                  Proceed from high to low (top to bottom) to prevent dirt and
                     microorganisms from dripping or falling and contaminating already cleaned areas. To follow this cleaning practice, cleaning staff
                        should:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Clean bed rails before bed legs.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Clean environmental surfaces before
                           cleaning floors.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Clean floors last to allow collection of
                           dirt and microorganisms that may have fallen.

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Designated Cleaning Responsibilities

               
               
               
               
                  
                  
                  
                  An essential part of cleaning is the assignment of
                     specific cleaning responsibilities for areas and equipment to competent staff.
                     Designating cleaning responsibilities can reduce the number of items that personnel
                     forget to clean and increase compliance with cleaning protocols. Training programs,
                     communication, and standardization should be implemented after cleaning
                     responsibilities are established and assigned. HCP should demonstrate competency in
                     performing the cleaning processes after their training.

                  
                  
                  
                  Procedures should be in place for the routine
                     cleaning between cases as well as for terminal cleaning at the end of the day. A
                     “pit crew” method has been shown to increase between-patient cleaning compliance.
                     Between OR procedures, personnel assigned to designated cleaning can help prevent
                     cross contamination and improve efficiency during turnover. Staff should receive
                     training on room turnover procedures and their specific assignments (e.g.,
                     anesthesia tech roles, circulator role, etc.).

                  
                  
                  
                  In addition, some equipment in use on a patient
                     will require periodic cleaning by the clinical staff. This may include IV pumps in
                     use, ventilators, or other essential equipment. The facility should identify who is
                     responsible for cleaning these items and the frequency with which cleaning should
                     take place. Room turnover procedures should not be compromised in order to maintain
                     a specified schedule.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Decontamination

            
            
            
            
               
               
               
               Microorganisms commonly attach to living and
                  nonliving surfaces, including those of indwelling medical devices. Patients
                  receiving implanted medical devices are at increased risk of developing an infection
                  at the surgical site due to contaminating bacteria. Failure to properly disinfect
                  or
                  sterilize equipment after cleaning may lead to transmission via contaminated medical
                  and surgical devices.

               
               
               
               Decontamination of indwelling medical devices is
                  essential in the prevention of infections. Cleaning, disinfection, and/or
                  sterilization are involved in the decontamination process. Specific infrastructure
                  and equipment are needed, and several sequential steps must be performed correctly.
                  Each step of the decontamination process should follow quality control procedures
                  to
                  ensure the correct functioning of the equipment and processes. Clinical practice
                  bundles and checklists assist in performing and achieving the best evidence-based
                  practice.

               
               

            
            

         
         
         
         
            
            
            Manual versus Machine Cleaning

            
            
            
            
               
               
               
               The CDC recommends that staff clean equipment and surfaces
                  as soon as possible after use or visible soiling. This is because when soils
                  (especially blood and other bodily fluids) are allowed to dry, they become far more
                  difficult to remove, which can also make disinfection less effective. Cleaning
                  is achieved through one of two methods: manual or mechanical.

               
               
               
               Manual
                     cleaning is the preferred method for equipment and surfaces that need to
                  be cleaned at the point of use, as is required for certain procedures
                     or devices such as endoscopes and surgical instruments. It is also done
                  when instruments are fragile or difficult to clean or when there is no access to a
                  mechanical cleaner. This initial first step prevents the formation of biofilm.

               
               
               
               Manual cleaning uses the force of friction, or the
                  resistance to motion that occurs when the surface of one object comes in contact
                  with the surface of another. In the context of cleaning, it is the process of
                  rubbing or scrubbing surfaces and instruments with an appropriate brush or other
                  scrubber, which should always be selected based on manufacturers’ instructions. The
                  contact time of cleaning products is important, that is, how long a solution needs
                  to stay wet on the surface/equipment in order to be effective.

               
               
               
               Manual cleaning also relies on the use of fluidics
                  (fluids under pressure). Fluidics remove soil and debris from internal channels
                  after brushing and from areas of an instrument or device that do not allow passage
                  of a brush through a channel.

               
               
               
               Mechanical cleaning is the use of a machine to remove debris and soil
                  from equipment. The CDC identifies the following as the most common kinds of mechanical
                  or
                  automatic cleaners used in medical settings:

               
               
               
               
                  
                  
                  	
                     
                     
                     Washer-disinfectors operate much like a
                        dishwasher, using water and detergents to remove soil from instruments.
                        Instruments should be loaded carefully to ensure optimal cleaning (especially hinged items and any device that can be
                           disassembled). 

                     
                     

                  
                  
                  
                  	
                     
                     
                     Washer-decontaminators operate in a manner
                        similar to washer-disinfectors, applying water circulation and detergents to
                        remove soil. These units can also apply a timed heat process (for example,
                        93°C [199°F] for ten minutes).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Washer-sterilizers use rotating spray arms
                        for a wash cycle followed by a steam sterilization cycle (140°C
                        [285°F]).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Ultrasonic cleaners operate by sending
                        ultrasonic waves through a liquid solution to disrupt bonds that hold soils
                        to surfaces. 

                     
                     

                  
                  
                  
                  	
                     
                     
                     Autoclaves operate by exposing instruments,
                        devices, and items to direct steam, under pressure, at specific temperatures
                        (between 121°C [250°F] and 132°C [270°F]).

                     
                     

                  
                  

               
               
               
               Any mechanical cleaning equipment should
                     be approved in order to be used in a healthcare facility. As with all
                  equipment used in healthcare facilities, staff should be instructed to use
                  mechanical cleaners only according to the manufacturer’s instructions for use.

               
               

            
            

         
         
         
         
            
            
            Use of Detergents

            
            
            
            
               
               
               
               The best choice for
                  instrument cleaning is neutral or near-neutral pH detergent solutions. These
                  solutions generally provide the best material compatibility profile and good
                  soil removal.

               
               
               
               Enzymes, usually proteases, are sometimes
                  added to neutral pH solutions to assist in the removal of organic material. The
                  enzymes attack the proteins that make up a large portion of common soil (e.g.,
                  blood, pus). Cleaning solutions can also contain lipases (enzymes active on
                  fats) and amylases (enzymes active on starches). Enzymatic cleaners are not
                  disinfectants, and proteinaceous enzymes may be inactivated by germicides. Like
                  all chemicals, enzymes must be rinsed from the equipment, or adverse reactions
                  (e.g., fever) could result.

               
               
               
               Enzyme
                  solutions should be used in accordance with the manufacturer’s instructions.
                  Detergent enzymes may be associated with asthma or other allergic effects in
                  users. Neutral pH detergent solutions that contain enzymes are compatible with
                  metals and other materials used in medical instruments and are the best choice
                  for cleaning delicate medical instruments, especially flexible endoscopes.

               
               
               
               Alkaline-based cleaning agents are used for
                  processing medical devices, as they dissolve protein and fat residues
                  efficiently; however, they may be corrosive. 

               
               
               
               Some data demonstrate that enzymatic cleaners are more
                  effective cleaners than neutral detergents in removing microorganisms from
                  surfaces, but two studies found no difference in cleaning efficiency between
                  enzymatic and alkaline-based cleaners.

               
               

            
            

         
         
   
      
         
         
         
         Section B: Disinfection,
            Sterilization, and Reprocessing

         
         
         
         
            
            
            
               After completing this section, learners will be able to:
               

            
            
            
            
               
               
               	
                  
                  
                  Determine appropriate cleaning,
                     disinfection, and sterilization procedures based on manufacturer
                     instructions, device design, and regulatory guidance.

                  
                  

               
               
               
               	
                  
                  
                  Collaborate with stakeholders to determine
                     if products are single-use, able to be reprocessed internally, or require an
                     external processing facility.

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Disinfection

         
         
         
         
            
            
            
            Disinfection is the process by which many or all pathogenic
               microorganisms (except bacterial spores) are eliminated on inanimate objects.
               Disinfection processes involve liquid chemicals or wet pasteurization. Depending on
               the method of disinfection and the solution used, a number of factors may affect its
               efficacy, including the following (as identified by the CDC):

            
            
            
            
               
               
               	
                  
                  
                  Whether the instruments were properly
                     cleaned beforehand

                  
                  

               
               
               
               	
                  
                  
                  How much organic/inorganic material
                     (contamination) remains after cleaning

                  
                  

               
               
               
               	
                  
                  
                  Whether the correct concentrations,
                     temperatures, exposure times, and solution pH are used

                  
                  

               
               
               
               	
                  
                  
                  The physical nature of the object (i.e.,
                     presence or absence of hard-to-reach crevices)

                  
                  

               
               
               
               	
                  
                  
                  Whether biofilms are present

                  
                  

               
               

            
            
            
            
               Key Point

               
                  
                  
                  Some products are designed
                     to both clean and disinfect in one step. HCP must follow the
                     manufacturer’s IFU for product application and contact time
                     when using such products.

                  
                  

            
            
            
            Disinfection is not sporicidal; that is, it does
               not destroy bacterial spores on surfaces. That said, the CDC reports in its
               “Guideline for Disinfection and Sterilization in Healthcare Facilities” that some
               disinfectants will kill spores if surfaces receive prolonged exposure to certain
               chemical sterilants (three to 12 hours), though this depends on the level of
               contamination. Many of the potential issues that arise from these factors may be
               avoided or mitigated by ensuring that all staff working with disinfecting chemicals
               are educated on their proper use, per IFU.

            
            
            
            
               Key Point

               
                  
                  
                  It is important to
                     remember that, when dealing with a large amount of blood or
                     other bodily fluid, surfaces must always be cleaned first
                     and then disinfected. Residual organic matter—such as blood
                     or other bodily fluids—can inactivate disinfecting agents.
                     While disinfectants kill specific types of organisms, they
                     do not produce sterility, no matter how strong the solution
                     is or how frequently they are used.

                  
                  

            
            
            
            When cleaning noncritical equipment and surfaces,
               bleach solutions should be used only in accordance with IFU and in situations where
               it will not cause damage. If noncritical items and surfaces are contaminated with
               blood or other bodily fluids, they should be cleaned and disinfected using
               Environmental Protection Agency (EPA)-approved products with an HIV or HBV label
               claim. For large blood spills, the CDC has reported that a 1:10 solution of
               EPA-registered hypochlorite solution inactivates bloodborne viruses and can minimize
               the risk of infection to HCP during cleanup.

            
            

         
         
         
         
         
            
            
            Contact Time

            
            
            
            
               
               
               
               Contact time—also known as wet time or dwell
                  time—is the stated amount of time a disinfectant needs in order to be effective
                  against microorganisms. This information can be found on the product
                  label.

               
               
               
               Staff in healthcare settings
                  must follow all applicable label instructions for approved products. However,
                  there are still other important considerations that staff must understand.

               
               
               
               The CDC’s “Guideline for Disinfection and
                  Sterilization in Healthcare Facilities” notes that a contact time of at least
                  one minute is sufficient for low-level disinfection of noncritical items and
                  environmental surfaces. Some products, however, recommend contact times of up to
                  ten minutes, but this would require multiple, impractical reapplications of the
                  disinfectant. (Most solutions, especially water-based ones, dry in one to two
                  minutes.) For this reason, IPs should select the product with the lowest
                  recommended contact time whenever possible. The IP should include contact time
                  information and challenges in all staff education, training, and
                  guidance.

               
               

            
            

         
         
         
         
            
            
            Biofilms

            
            
            
            
               
               
               
               Certain microorganisms may be
                  protected from disinfectants due to biofilms—a thick mass of cells and
                  extracellular materials that can form on surfaces immersed in liquids and
                  produce a continuous source of contamination. Bacteria found in biofilms can be
                  up to 1,000 times more resistant to antimicrobials than when found in
                  suspension. Biofilms may form in contact lenses, pacemakers, urinary catheters,
                  endoscopes, and many other medical devices found in healthcare facilities. They
                  may also form in showers, baths, whirlpools, and sinks if not cleaned properly.
                  Biofilms found in channels, grooves, or hinges of devices are especially
                  difficult to remove.

               
               
               
               Bacteria and
                  fungi (including species of Candida) protected by biofilms have been associated with an
                  ever-growing list of infections, and they pose a serious risk to
                  immunocompromised individuals. Thus, biofilms must be considered when developing
                  cleaning and disinfection policies. No enzymatic detergents have been registered
                  or cleared for the degradation of biofilms, but studies are ongoing. To date,
                  chlorine and monochloramines are the most effective disinfectants for
                  inactivation of biofilm bacteria. The best way to prevent the formation of
                  biofilms is to promptly clean and disinfect devices (per IFU). High-level
                  disinfection and sterilization are the most effective.

               
               

            
            

         
         
         
         
            
            
            Levels of Disinfection

            
            
            
            
               
               
               
               Disinfection can be further categorized as high-level,
                  intermediate, and low-level. The level of disinfection called for typically depends
                  on the item’s Spaulding classification. Exhibit 5-3 offers a comparison of the three levels of disinfection.

               
               
               
               
                  Exhibit 5-3: Methods for Disinfection of Patient-Care Items and Environmental Surfaces
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Process
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Level of Microbial
                                          Inactivation
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Method
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Examples (with Processing
                                          Times)
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Healthcare Application
                                          (Examples)
                                       

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       High-level
                                          disinfection
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Destroys all
                                       microorganisms except high numbers of bacterial
                                       spores

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Heat-automated

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Pasteurization (65–77°C,
                                       30 min.)

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Heat-tolerant semicritical items (e.g., respiratory therapy
                                       equipment)

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       High-level
                                          disinfection
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Destroys
                                       all microorganisms except high numbers of bacterial
                                       spores

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Liquid
                                       immersion

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Chemical
                                       sterilants/high-level disinfectants (HLDs) include:

                                    
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          >2% glutaraldehyde (10–90
                                             min.)

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          0.55% ortho-phthalaldehyde (12
                                             min.)

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          1.12% glutaraldehyde with 1.93%
                                             phenolics (20 min.)

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          7.35% hydrogen peroxide with
                                             0.23% peracetic acid (15 min.)

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          7.5% hydrogen peroxide (30
                                             min.)

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          1.0% hydrogen peroxide with 0.08%
                                             peracetic acid (25 min.)

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          650–675 ppm (parts per million)
                                             chlorine (10 min.)

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          2.0% hydrogen peroxide (8
                                             min.)

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          3.4% glutaraldehyde with 26%
                                             isopropanol (10 min.)

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Heat-sensitive
                                       semicritical items (e.g., GI endoscopes, bronchoscopes,
                                       endocavitary probes)

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       High-level
                                          disinfection
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Destroys
                                       all microorganisms except high numbers of bacterial
                                       spores

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Automated closed system

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Vaporized hydrogen peroxide

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Heat-sensitive semicritical items (e.g., vaginal and
                                       endocavitary probes; can be used for room and surface
                                       disinfection and low temperature sterilization

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Intermediate-level
                                          disinfection
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Destroys vegetative
                                       bacteria, mycobacteria, most viruses, most fungi, but not
                                       bacterial spores

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Liquid
                                       contact

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    EPA-registered hospital
                                       disinfectant with label claim regarding tuberculocidal
                                       activity (e.g., chlorine-based products, phenolics, improved
                                       hydrogen peroxide—exposure times at least 1
                                       min.)

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Noncritical patient care
                                       item (blood pressure cuff) or surface with visible
                                       blood

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Low-level
                                          disinfection
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Destroys vegetative
                                       bacteria, some fungi and viruses, but not mycobacteria or
                                       spores

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Liquid
                                       contact

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    EPA-registered hospital
                                       disinfectant with no tuberculocidal claim (e.g.,
                                       chlorine-based products, phenolics, improved hydrogen
                                       peroxide, quaternary ammonium compounds—exposure times at
                                       least 1 min.) or 70%–90% alcohol

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Noncritical patient care
                                       item (blood pressure cuff) or surface (bedside table) with
                                       no visible blood

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
               
               

            
            

         
         
         
         
         
            
            
            Types of Disinfecting Agents

            
            
            
            
               
               
               
               The CDC’s “Guideline for Disinfection and Sterilization in
                  Healthcare Facilities” identifies 11 types of disinfecting agents, each with
                  distinct properties and applications. Exhibit 5-4 compares the different types of
                  disinfectants.

               
               
               
               
                  Exhibit 5-4: Types of Disinfecting Agents
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Type of Agent

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Pros

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Cons

                                    
                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Alcohols

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Effective
                                             and rapid bactericide

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Inexpensive

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Minimal/unobjectionable odor

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Evaporates
                                             (no residue)

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Non-staining

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Non-toxic

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Non-allergenic

                                          
                                          

                                       

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Non-sporicidal

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Cannot
                                             penetrate protein-rich materials

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Can damage
                                             rubber, plastic tubing, glass, and plastic
                                             coatings

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Flammable

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          NOT
                                             registered with FDA as disinfectant

                                          
                                          

                                       

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Chlorine (and
                                       compounds)

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Broad
                                             spectrum of antimicrobial activity

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          No toxic
                                             residue

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Unaffected
                                             by water hardness

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Inexpensive

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Fast-acting

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Effective
                                             against biofilms and surface organisms

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Deodorizing

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Easy to
                                             use

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Minimal
                                             residues

                                          
                                          

                                       

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Corrosive
                                             (metals)

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Can
                                             irritate skin and eyes with prolonged exposure

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Burns if
                                             ingested/inhaled

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Some
                                             organic material can render inactive

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Can bleach
                                             some fabrics/materials

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Questionable use as sporicide

                                          
                                          

                                       

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Formaldehyde

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Effective
                                             as bactericide, tuberculocide, fungicide,
                                             virucide, and sporicide

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Quick
                                             neutralization

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Active in
                                             presence of organic matter

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Relatively
                                             inexpensive and available

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          EPA-registered

                                          
                                          

                                       

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Potential
                                             carcinogen

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Fatal if
                                             ingested

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Can cause
                                             respiratory problems and skin irritation after
                                             prolonged exposure

                                          
                                          

                                       

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Glutaraldehyde

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Relatively
                                             inexpensive

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Compatible
                                             with wide range of materials (metals, plastics,
                                             rubber)

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Active in
                                             presence of organic matter

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Nonflammable

                                          
                                          

                                       

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Activation
                                             required

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Respiratory
                                             irritation from vapor

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Strong,
                                             unpleasant odor

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Slow
                                             activity (ten minutes)

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Can cause
                                             contact dermatitis

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Coagulates
                                             blood

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Limited
                                             shelf-life once prepared

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Rinsing
                                             required to remove residue

                                          
                                          

                                       

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Hydrogen peroxide

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          No
                                             activation required

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Minimal
                                             odor

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Minimal
                                             irritation

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Easy
                                             disposal

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Doesn’t
                                             coagulate blood

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Stable when
                                             properly stored

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Wide range
                                             of uses

                                          
                                          

                                       

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Requires
                                             thorough cleaning before and after use

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Can cause
                                             chemical irritation (contact)

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Requires
                                             careful solution monitoring

                                          
                                          

                                       

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Iodophors

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Disinfectant and antiseptic

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Effective
                                             against blood

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Relatively
                                             non-toxic

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Minimal to
                                             no irritation

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Non-staining

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Safe and
                                             convenient

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Stable
                                             storage

                                          
                                          

                                       

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Activation
                                             requires dilution

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Can damage
                                             silicone products

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Can be
                                             expensive

                                          
                                          

                                       

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Ortho-phthalaldehyde
                                       (OPA)

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          No
                                             activation required

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Fast-acting
                                             high-level disinfectant

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Minimal
                                             odor

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Doesn’t
                                             coagulate blood

                                          
                                          

                                       

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Can stain
                                             (skin)

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Expensive

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Eye
                                             irritation (contact)

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Slow
                                             sporicidal activity

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Requires
                                             meticulous rinsing post-use

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Contraindicated in patients
                                             with a history of bladder cancer

                                          
                                          

                                       

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Peracetic acid

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          No
                                             activation required

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Minimal
                                             odor

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Minimal
                                             irritation

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Fast-acting
                                             (30–45 min.); sterilizing and sporicidal

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Low
                                             temperature liquid immersion (50–55°C
                                             [122–131°F])

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Ease of use
                                             (standardized)

                                          
                                          

                                       

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Some
                                             material incompatibility

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Immersible
                                             instruments only

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Expensive

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Can damage
                                             skin and eyes (contact)

                                          
                                          

                                       

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Phenolics

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Wide
                                             spectrum of activity

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Good for
                                             environmental surfaces and noncritical devices

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Can be used
                                             to pre-clean critical/semicritical devices

                                          
                                          

                                       

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Relatively
                                             poor sporicide

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Easily
                                             absorbed, can cause irritation

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Unpleasant
                                             odor

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Inactivated
                                             by organic matter

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Can be
                                             expensive

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Not to be used
                                             in newborn nurseries as they have been associated
                                             with hyperbilirubinemia

                                          
                                          

                                       

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Quaternary
                                       ammonium compounds (“Quats”)*

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Less toxic
                                             than bleach and phenolics

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Minimal
                                             odor

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Non-toxic,
                                             non-allergenic

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Easy
                                             preparation and use

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Inexpensive

                                          
                                          

                                       

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Potential
                                             for skin and respiratory irritation at higher
                                             concentrations

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Non-sporicidal

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Incompatible with soaps

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Interference by organic matter

                                          
                                          

                                       

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Steam

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Non-toxic
                                             (patient, staff, environment)

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Easy to
                                             control/monitor

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Rapid
                                             microbicidal

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Least
                                             affected by organic/inorganic soils

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Can
                                             penetrate some medical packaging

                                          
                                          

                                       

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Potential
                                             for burns

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Inappropriate for heat-sensitive instruments

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Moisture
                                             post-use (potential to result in rust)

                                          
                                          

                                       

                                    
                                    
                                 

                              
                           

                        

                     
                     
                     
                     
                        * Mark McInnes. “Disinfectant Pros and Cons: Hydrogen Peroxide vs.
                           Quats.” Cleaning and Maintenance
                              Management, May 6, 2019,
                           cmmonline.com/articles/disinfectant-pros-and-cons-hydrogen-peroxide-vs-quats.
                        

                     
                     

                  
               
               
               
               It is important to note that disinfectants are
                  not interchangeable. Ensuring that the correct agent is used in the correct amount
                  (solution or volume) will avoid unnecessary costs and also protect the user and patients.

               
               
               
               Facilities should use only EPA-approved,
                  hospital-grade disinfectants. The IP should familiarize themselves with the
                  different types of disinfecting agents as well as when and where they are best used.
                  The IP should also educate themselves and staff on the correct PPE to wear and the
                  necessary precautions to take when preparing and handling disinfecting chemicals and
                  solutions. In consultation with the EVS staff, the IP must establish appropriate
                  schedules and procedures for disinfecting different surfaces and instruments.

               
               

            
            

         
         
         
         
            
            
            Factors Affecting Manual
               Disinfection

            
            
            
            
               
               
               
               Factors that affect the manual disinfection process can
                  be broadly classified into two categories: product-related issues and
                  process-related issues.

               
               
               
               Product-related considerations include:

               
               
               
               
                  
                  
                  	
                     
                     
                     Differing efficacies of disinfectants against organisms, with many products
                        having no activity against spores.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Varying disinfectant contact times based on chemical ingredients and
                        organism type.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Decrease in the ability of a disinfectant to work on environmental surfaces
                        in the presence of organic material, similar to the decreased effectiveness
                        of high-level disinfectants on poorly cleaned endoscopes.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Concerns about organisms developing resistance to disinfectants similar to
                        antimicrobial resistance due to mutations or the incorporation of genetic
                        material into the organism.

                     
                     

                  
                  

               
               
               
               Process-related considerations include:

               
               
               
               
                  
                  
                  	
                     
                     
                     Factors that affect disinfection application such as methods for
                        distribution of the disinfectant (microfiber versus rags) and assurance of
                        contact time.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Variations in formulation (dilution of disinfectants from a concentrate
                        bottle) by environmental management staff.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Number
                        of rooms in which the same solution can be used prior to changing.

                     
                     

                  
                  
                  
                  	
                     
                     
                     How
                        often the disinfectant-containing bucket is cleaned.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The
                        time allotted for disinfection and distribution of cleaning duties between
                        environmental management staff and other facility employees such as
                        nurses.

                     
                     

                  
                  

               
               
               
               Healthcare facilities may choose several
                  disinfectants for reasons other than disinfection properties. There may be
                  environmental considerations or regulations, material compatibility with existing
                  healthcare equipment, and serious hazards classification with exposure to eyes,
                  skin, and inhalation. Some effective disinfectants may not adequately remove greasy
                  or organic material. Furthermore, certain disinfectant wipes may leave an
                  undesirable white residue over specialized equipment surfaces such as touch screens,
                  and repeated use may damage equipment and void manufacturer warranties.

               
               
               
               
                  Key Point

                  
                     
                     
                     Key points of manual disinfection:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Always use HLDs in a
                              well-ventilated area if not in an AER (automated
                              endoscope reprocessor), and keep them covered unless
                              putting in or taking out instruments.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Always use a timer and a
                              thermometer. Time starts when the last item goes in.
                              Items can’t be added unless the timer is reset to
                              full soak time. The thermometer ensures that the HLD
                              solution is at the appropriate temperature as
                              indicated in the IFU.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Follow the IFU for soak time,
                              temperature, activation, expiration date, and shelf
                              life once opened.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Submerge all items to ensure that
                              all surfaces are in contact with the HLD solution.
                              Items that float, like syringes, will not be
                              disinfected. Do not place a heavier item on top to
                              submerge another item. Channels must be filled with
                              HLD solution. Soak the scope brushes with the scope
                              unless disposable; if they are disposable,
                              discard.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Be careful not to spill. Cleanup
                              procedure and spill kit should be available. Clean
                              up per label or safety data sheet (SDS)
                              instructions.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Eyewash station and SDS must be
                              available.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Do not use HLD solutions to clean
                              the environment.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Ensure that all required documentation related to the disinfection
                              process are completed.

                           
                           

                        
                        

                     
                     

               
               

            
            

         
         
         
         
            
            
            Product Selection

            
            
            
            
               
               
               
               When selecting
                  disinfectants or cleaning products, the IP should consider their ease of use,
                  efficacy, acceptability, safety, and cost. IPs should have a thorough knowledge
                  of the cleaning and disinfecting products used in their facility: the active
                  ingredient(s), qualities, purpose, methods of use, effectiveness, and how to
                  contact the manufacturer should questions arise. This knowledge can inform the
                  IP’s involvement in product review and selection processes. It is not
                  guaranteed, however, that the IP will have an active role in these processes, as
                  they can vary depending on the facility.

               
               
               
               If the IP is involved in product review and selection, they
                  should offer advice on the cleaning and disinfecting products that best serve
                  the needs and requirements of the facility. For example, they can ensure that
                  broad-spectrum disinfectants are chosen—that is, disinfectants that can
                  eliminate bacteria, viruses, protozoa, fungi, and (in some cases) spores. Even
                  if the IP is not directly involved in product review and selection, it is
                  essential that they educate themselves about all of the products used at their
                  facility.

               
               
               
               Whether or not the IP
                  participates in the review and selection processes, they should collect and
                  maintain a log of cleaning and disinfecting products used in the facility. This
                  log should include the following information:

               
               
               
               
                  
                  
                  	
                     
                     
                     What products are used?

                     
                     

                  
                  
                  
                  	
                     
                     
                     What are the IFU?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Which products require in-house
                        preparation (e.g., preparing solutions)?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Under what circumstances are the
                        products being used (occasion, etc.)?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Who uses the products?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Where are the products used?

                     
                     

                  
                  
                  
                  	
                     
                     
                     How should the products be stored?

                     
                     

                  
                  
                  
                  	
                     
                     
                     What are the manufacturers’ contact
                        details?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Who is the distributor?

                     
                     

                  
                  

               
               
               
               With a broad understanding of how, where,
                  and by whom these products are being used, the IP can ensure that HCP and EVS
                  staff have appropriate training and education in their use. The IP should also
                  ensure that anyone who uses cleaning or disinfecting products has access to the
                  appropriate PPE (for example, respirators and gloves when using more caustic
                  products).

               
               
               
               Thorough knowledge of all the cleaning and disinfecting
                  products used can also help the IP to improve other product evaluation activities
                  in
                  the healthcare facility. When evaluating potential equipment purchases, for example,
                  the maintenance and cleaning or disinfection processes should be considered. An IP
                  armed with detailed information about what is feasible for the facility can offer
                  guidance that will result in better purchasing decisions. Similarly, if a new device
                  requires a new cleaning or disinfecting agent, one which has never been used at the
                  healthcare facility, then the IP must ensure that staff is properly trained
                  in its use. 
                  

               
               
               
               
                  Key Point

                  
                     
                     
                     Staff must
                        follow the IFU when using any cleaning or disinfecting
                        product. Doing so protects patients, staff, and the
                        facility.

                     
                     

               
               

            
            

         
         
   
      
         
         
         
         Sterilization

         
         
         
         
            
            
            
            Sterilization is the process by which all forms of microbial life are
               destroyed or eliminated. In healthcare facilities, it is achieved through physical
               or chemical methods.

            
            
            
            Sterilization involves several processes, each
               with distinct steps and requirements as listed below:

            
            
            
            
               
               
               	
                  
                  
                  Point of use. Pre-clean instruments to
                     prevent biofilm buildup.

                  
                  

               
               
               
               	
                  
                  
                  Transport. Transport in
                     appropriate container labeled “Biohazard.” Keep instruments moist during
                     transport.

                  
                  

               
               
               
               	
                  
                  
                  Cleaning/decontamination. Remove
                     infectious material from instruments and protect workers from
                     contamination.

                  
                  

               
               
               
               	
                  
                  
                  Preparation and packaging. Prepare and
                     correctly package instruments to ensure adequate sterilant penetration to
                     all surfaces.

                  
                  

               
               
               
               	
                  
                  
                  Sterilization. Correctly load instruments
                     to be sterilized, choose the correct sterilization process and cycle, and
                     correctly unload sterilized instruments to ensure an effective sterilization
                     process.

                  
                  

               
               
               
               	
                  
                  
                  Sterilization process monitoring. Monitor
                     the sterilization process to detect equipment or operator errors or
                     malfunctions that prevent sterilization.

                  
                  

               
               
               
               	
                  
                  
                  Storage. Prevent microbial contamination
                     of sterilized items.

                  
                  

               
               

            
            
            
            Members of the sterile processing staff are
               responsible for following the healthcare facility’s policies and procedures as well
               as written IFU from the instrument, packaging, and sterilizer manufacturers. 

            
            
            
            Sterility of sterile packages and peel pouches is event-related.
               (Sterility can be maintained almost indefinitely, unless the integrity of the
               package is compromised.) However, if instruments are sterile from the manufacturer,
               then the manufacturer’s expiration date must be followed.

            
            
            
            Staff should also follow the sterilizer equipment
               manual for care and maintenance to minimize sterilizer downtime and prevent
               sterilizer malfunctions. When operating a sterilizer, the sterile processing staff,
               along with biomedical engineering personnel, are responsible for care and
               maintenance of the sterilizer. The sterile processing staff are also responsible for
               loading the sterilizer, choosing the correct sterilization cycle, monitoring the
               effectiveness of the process, documenting the results, and unloading the
               sterilizer.

            
            

         
         
         
         
         
            
            
            Considerations for Selecting Sterilization
               Methods

            
            
            
            
               
               
               When selecting the method of sterilization to be used,
                  many factors should be considered. These factors include:

               
               
               
               
                  
                  
                  	
                     
                     
                     Whether the sterilization process is
                        validated for use by the equipment/instrument manufacturer.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The ability of personnel to follow
                        directions provided in the written IFU.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The healthcare facility’s turnaround
                        needs.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The volume of medical devices to be
                        reprocessed.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The compatibility of medical devices with
                        the sterilizing method.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Whether any instruments and materials are
                        excluded from the sterilization process.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Space availability.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Safety.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The advantages and disadvantages of each
                        method.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Costs.

                     
                     

                  
                  

               
               
               
               Commonly used sterilization methods include steam; hydrogen
                  peroxide gas plasma; 100% ethylene oxide (ETO); mixtures of 8.6% ETO/91.4% HCFC
                  (hydrochlorofluorocarbons), 10% ETO/90% HCFC, and 8.5% ETO/91.5% CO2; and peracetic acid. Each method has
                  advantages and disadvantages, as noted in Exhibit 5-5.

               
               
               
               
                  Exhibit 5-5: Advantages and Disadvantages of Commonly Used Sterilization Technologies
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Sterilization Method

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Advantages

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Disadvantages

                                    
                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Steam

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Nontoxic to
                                             patients, staff, environment.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Cycle easy to
                                             control and monitor.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Rapidly
                                             microbicidal.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Least affected by
                                             organic/inorganic soils among sterilization
                                             processes listed.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Rapid cycle
                                             time.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Penetrates medical
                                             packing, device lumens.

                                          
                                          

                                       

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Deleterious for
                                             heat-sensitive instruments.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Microsurgical
                                             instruments damaged by repeated exposure.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          May leave
                                             instruments wet, causing them to rust.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Caution: Potential
                                             for burns.

                                          
                                          

                                       

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Hydrogen peroxide gas plasma (vaporized
                                       hydrogen peroxide)

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Safe for the
                                             environment.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Leaves no toxic
                                             residuals.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Cycle time is
                                             28–75 minutes (varies with model type) and no
                                             aeration necessary.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Used for heat- and
                                             moisture-sensitive (both metal and non-metal) items
                                             since process temperature <50°C.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Simple to operate,
                                             install (208 V outlet), and monitor.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Compatible with
                                             most medical devices.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Requires only
                                             electrical outlet.

                                          
                                          

                                       

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Cellulose (paper),
                                             linens, and liquids cannot be processed.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Small
                                             sterilization chamber. Size ranges from 1.8–9.4
                                             cubic feet total volume (varies with model
                                             type).

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Some endoscopes or
                                             medical devices with long or narrow lumens cannot be
                                             processed at this time in the United States. (See
                                             manufacturer’s recommendations for internal diameter
                                             and length restrictions.)

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Requires synthetic
                                             packaging (polypropylene wraps, polyolefin pouches)
                                             and special container tray.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Caution: Hydrogen
                                             peroxide may be toxic at levels greater than 1 ppm
                                             TWA (time-weighted average).

                                          
                                          

                                       

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    100% ethylene oxide (ETO)

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Penetrates
                                             packaging materials, device lumens

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Single-dose
                                             cartridge and negative-pressure chamber minimizes
                                             potential for gas leak and ETO exposure.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Simple to operate
                                             and monitor.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Compatible with
                                             most medical materials.

                                          
                                          

                                       

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Requires aeration
                                             time to remove ETO residue.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Sterilization
                                             chamber size from 4.0–7.9 cubic feet total volume
                                             (varies with model type).

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          ETO emission
                                             regulated by states but catalytic cell removes 99.9%
                                             of ETO and converts it to CO2 and H2O.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          ETO cartridges
                                             should be stored in flammable liquid storage
                                             cabinet.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Lengthy
                                             cycle/aeration time.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Caution: ETO is
                                             toxic, a carcinogen, and flammable.

                                          
                                          

                                       

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    ETO mixtures of 8.6% ETO/91.4% HCFC, 10%
                                       ETO/90% HCFC, and 8.5% ETO/91.5% CO2

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Penetrates medical
                                             packaging and many plastics.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Compatible with
                                             most medical materials.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Cycle easy to
                                             control and monitor.

                                          
                                          

                                       

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Some jurisdictions
                                             require ETO emission reduction of 90%–99.9%.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Chlorofluorocarbon
                                             (CFC) (inert gas that eliminates explosion hazard)
                                             banned in 1995.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Potential hazards
                                             to staff and patients.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Lengthy
                                             cycle/aeration time.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Caution: ETO is
                                             toxic, a carcinogen, and flammable.

                                          
                                          

                                       

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Peracetic acid

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Rapid cycle time
                                             (30–45 minutes).

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Low temperature
                                             (50–55°C) liquid immersion sterilization.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Environmental
                                             friendly byproducts.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Sterilant flows
                                             through endoscope, which facilitates salt, protein,
                                             and microbe removal.

                                          
                                          

                                       

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Point-of-use
                                             system, no sterile storage.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Biological indicator may not
                                             be suitable for routine monitoring.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Used for
                                             immersible instruments only.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Some material
                                             incompatibility (e.g., aluminum anodized coating
                                             becomes dull).

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          One scope or a
                                             small number of instruments processed in a
                                             cycle.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Caution: Potential
                                             for serious eye and skin damage (concentrated
                                             solution) with contact.

                                          
                                          

                                       

                                    
                                    
                                 

                              
                           

                        

                     
                     
                     
                        Source: CDC “Guideline for Disinfection
                           and Sterilization in Healthcare Facilities (2008)”
                           (cdc.gov/infectioncontrol/guidelines/disinfection/tables/table6.html.
                        

                     
                     

                  
               
               
               
               Immediate-use steam sterilization (IUSS), formerly termed flash sterilization, is broadly
                  defined as the shortest possible time between a sterilized item’s removal from the
                  sterilizer and its aseptic transfer to the sterile field. Immediacy implies that a
                  sterilized item is used during the procedure for which it was sterilized and in a
                  manner that minimizes its exposure to air and other environmental contaminants. A
                  sterilized item intended for immediate use is not stored for future use, nor is it
                  held from one case to another. It should be used only in situations where there is
                  not time to reprocess the item according to normal processes, i.e., a dropped
                  instrument. 

               
               
               
               Sterile
                     processing is the area responsible for reprocessing instruments and other
                  reusable medical devices. The process involves handling, collecting, transporting,
                  sorting, disassembling, cleaning, disinfecting, inspecting, packaging, sterilizing,
                  storing, and distributing reprocessed items. The goal is to provide safe,
                  functional, and sterile instruments and medical devices and reduce the risk of
                  healthcare-associated infections. Sterilization process monitoring includes the use
                  of physical monitors, chemical indicators, biological indicators, process challenge
                  devices, and documentation of results.

               
               
               
               Physical monitors are the visible monitors on equipment that indicate
                  whether the correct sterilizing parameters were met. These include cycle time,
                  temperature, and pressure recorders, digital printouts, and gauges. Physical
                  monitors are the first tool used to detect a sterilization process failure. Sterile
                  processing staff should not release a load for use if the physical monitoring
                  results are incorrect for the load contents.

               
               
               
               Chemical indicators (CIs) are devices used to detect potential
                  sterilization process failures. These failures could result from incorrect
                  packaging, incorrect loading of the sterilizer, or malfunctions of the sterilizer.
                  Chemical indicators must be used on the inside and outside of each package to show
                  that it has undergone a sterilization cycle. Internal CIs are used for pack control
                  to determine that the sterilant penetrated each package, tray, or containment
                  device. External CIs are used for each healthcare-facility-prepared package, tray,
                  or containment device processed with steam or EO sterilization.

               
               
               
               When a load has completed the sterilization
                  process, the chemical indicators (e.g., tape, strips) will show a change in color.
                  HCP must follow the manufacturer’s instructions for use for each type of chemical
                  indicator. It should be noted that a CI pass response does not prove that the item
                  is necessarily sterile.

               
               
               
               There are six types of CIs:

               
               
               
               
                  
                  
                  	
                     
                     
                     Type 1 (process indicators)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Type 2 (Bowie-Dick)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Type 3 (single critical process variable
                        indicators)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Type 4 (multicritical process variable
                        indicators)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Type 5 (integrating indicators)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Type 6 (emulating indicators)

                     
                     

                  
                  

               
               
               
               A Type 2 Bowie-Dick test
                  uses a chemical indicator to assess whether dynamic-air-removal steam sterilizers
                  properly remove air from the chamber and prevent air reentrainment. This test is not
                  appropriate for gravity-displacement steam sterilizers. If a sterilizer does not
                  pass the Bowie-Dick test, it should be removed from service and a determination made
                  as to whether it should be retested, serviced, or returned to service. 

               
               
               
               Biological indicators (BIs), as
                  defined by ANSI/AAMI and ISO, are test systems containing viable microorganisms
                  providing a defined resistance to a specific sterilization process. A biological
                  indicator provides information on whether necessary conditions were met to kill a
                  specified number of microorganisms for a given sterilization process. The BI
                  provides reliable, qualitative evidence that all spore-forming organisms have been
                  inactivated during the sterilization cycle. They cannot be replaced by the use of
                  Type 5 or Type 6 CIs for steam sterilization or Type 5 CIs for EO sterilization.
                  Endospores, or bacterial spores, are the microorganisms primarily used in BIs. They
                  are considered some of the toughest ones to kill. Geobacillus stearothermophilus spores demonstrate a high resistance toward
                  steam and vaporized hydrogen peroxide and are therefore used in BIs that monitor
                  these sterilization processes; Bacillus subtilis,
                  is used for ethylene oxide sterilization.

               
               
               
               
                  Key Point

                  
                     
                     
                     A biological indicator must be used at
                        least every week and in any load containing an implant.

                     
                     

               
               
               
               A process challenge device (PCD),
                  previously known as a test pack, is a device with a defined resistance to a
                  sterilization process that is used to routinely monitor sterilizer efficacy and
                  perform qualification testing of sterilizers.

               
               

            
            
            
            
               
               
               Sterilizer Recall Process

               
               
               
               
                  
                  
                  
                  Recalls occur when BIs, CIs, or physical monitors
                     indicate a failure. An investigation of steam sterilization process failures
                     should be conducted and reasons identified for the failures.

                  
                  
                  
                  Sometimes, a processing failure
                     is confined to one load or one item in the load. For example, a single load can
                     fail if an operator runs the wrong sterilization cycle, or a single item can
                     fail because it has an unresponsive internal CI. If these limited types of
                     failure are immediately identified, personnel should complete the following
                     steps:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Take the sterilizer out of service and re-run a challenge load using a
                           PCD.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Correct the cause of the failure.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Inspect instruments to determine whether or not they need to be
                           re-cleaned.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Remove and replace disposable items.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Rewrap instruments.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Add new process indicators.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Reprocess the load or item.

                        
                        

                     
                     

                  
                  
                  
                  When the error is not immediately
                     identifiable, which is the case in most sterilization process failures, all
                     items that have been processed since the last negative BI should be treated as
                     non-sterile and recalled. This action will be taken if the BI,
                        CI, or physical monitor identifies a problem. Every load that is monitored
                        with a BI and quarantined until the BI results are known reduces
                        failure-related risks.

                  
                  
                  
                  
                     Key Point

                     
                        
                        
                        The recall process is
                           often collaborative and should include the IP, the risk
                           manager, the surgical services manager, and the surgeons
                           or attending physicians for the involved patients.

                        
                        

                  
                  
                  
                  The written policy and procedure should
                     address the who, when, and how of recalling reprocessed items. At a minimum, a
                     log of items in the sterilized load should be reviewed along with the monitoring
                     results, unused items in the load retrieved for reprocessing, a root cause of
                     the sterilization process failure identified, required sterilizer qualification
                     testing completed, a recall report written, and surveillance of involved
                     patients initiated. The same recall process can be used for items that undergo
                     low-temperature sterilization processes.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Sterile Processing Workspace

            
            
            
            
               
               
               
               Adequate space in sterile processing is critical to
                  provide for a good workflow and efficient and effective processes that promote staff
                  safety, standardize procedures, minimize environmental contamination, and maintain
                  the sterility of processed items. Facilities should centralize sterile processing
                  in
                  one department, and the size should be appropriate for the volume of work being
                  performed, the processes being conducted, the types of services provided, and the
                  amount of equipment needed to perform the required tasks. 

               
               
               
               Specific considerations for
                  sterile processing areas include the following:

               
               
               
               
                  
                  
                  	
                     
                     
                     Space requirements for the sterile
                        processing area can be affected by the storage and delivery systems employed
                        by the healthcare facility. For example, space should be sufficient for case
                        carts, supply carts, special procedure carts, and the storage of durable
                        medical supplies such as intravenous pumps and portable suction devices.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The floors and walls of the sterile
                        processing area should consist of nonparticulate/nonfibrous shedding
                        material that can withstand wet vacuuming and washing.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Ceilings should have a flush surface
                        with enclosed fixtures and be made from a nonparticulate/nonfibrous
                        material.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The work surfaces should be covered
                        with a nonporous material that can withstand frequent cleaning with
                        germicides.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Equipment and supplies for hand
                        hygiene (sinks and waterless alcohol-based hand rubs) should be easily
                        accessible to staff. Eyewash/shower equipment should be available with
                        10 seconds’ travel time.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Other environmental considerations
                        that are important in sterile processing are controlled air exchanges;
                        heating, ventilation, and air conditioning (HVAC); and lighting. Air should
                        move only from the clean side of the room to the decontamination side of the
                        room.

                     
                     

                  
                  

               
               
               
               The design of the sterile processing area should include a
                  physical barrier between the decontamination area and the work area in which clean
                  or sterilization procedures are carried out. This layout reduces the risk of
                  cross-contamination of areas and of items being sterilized, which improves safety
                  and increases efficiency.

               
               
               
               In
                  hospitals, the decontamination, packaging, sterilization, and sterile storage
                  area/rooms should be physically separate to eliminate environmental
                  contamination. In other settings (e.g., ambulatory surgery and medical offices),
                  where physically separate rooms may not be practical, the decontamination sink
                  should be at least four feet from the edge of the clean work area or have a
                  screen that extends at least four feet above its rim.

               
               
               
               The decontamination area should have a three-section sink for
                  cleaning (one section for cleaning, one for initial rinsing, and one for final
                  rinsing). The sinks should be approximately 36 inches from the floor and 8 to 10
                  inches deep, and the area should have a source of critical water for the final
                  rinse.

               
               

            
            

         
         
         
         
            
            
            Sterile Storage

            
            
            
            
               
               
               
               According to ANSI/AAMI ST79, “sterile storage should be
                  located adjacent to the sterilization area, preferably in a separate, enclosed,
                  well-ventilated, limited-access area, the only function of which is to store
                  sterile and clean supplies.” The relative humidity in the sterile storage area
                  should be maintained at the level recommended in the instrument and packaging
                  IFU.

               
               
               
               The products stored in the sterile storage area should be
                  removed from shipping cartons or processed on site prior to storage. A breakout
                  area/room near or adjacent to sterile processing should be used to prevent shipping
                  container contaminants from entering the sterile/clean area.

               
               
               
               Physical storage restrictions are
                  recommended to support an environment that is conducive to maintaining the
                  sterility of reprocessed items. Guidelines recommend that sterilized items
                  should be stored in a way that allows for adequate air circulation, ease of
                  cleaning, and compliance with fire codes. Sterilized items should be stored as
                  follows:

               
               
               
               
                  
                  
                  	
                     
                     
                     18 inches below the ceiling or the
                        sprinkler head

                     
                     

                  
                  
                  
                  	
                     
                     
                     8 to 10 inches above the floor

                     
                     

                  
                  
                  
                  	
                     
                     
                     At least 2 inches from outside
                        walls

                     
                     

                  
                  
                  
                  	
                     
                     
                     Only on designated shelving, counters,
                        or carts (Storage shelving and storage carts should have a solid bottom
                        shelf.)

                     
                     

                  
                  
                  
                  	
                     
                     
                     On closed or covered shelving to
                        minimize dust on surfaces (Open shelves may be permissible if the area
                        has restricted access and monitored ventilation and is frequently
                        cleaned and disinfected.)

                     
                     

                  
                  
                  
                  	
                     
                     
                     So packages are not crushed, bent,
                        compressed, or punctured

                     
                     

                  
                  
                  
                  	
                     
                     
                     With heavy instrument trays placed on
                        middle shelves (Transport trays with solid or perforated bottoms may be
                        used to prevent tearing.)

                     
                     

                  
                  
                  
                  	
                     
                     
                     So wrapped packages are not stored
                        under rigid sterilization containers on the same shelf

                     
                     

                  
                  
                  
                  	
                     
                     
                     In areas of limited traffic and
                        restricted access

                     
                     

                  
                  
                  
                  	
                     
                     
                     Away from locations where they might become wet (e.g., near sinks
                        or exposed pipes)

                     
                     

                  
                  
                  
                  	
                     
                     
                     So the first item in is the first item
                        out (Place newer items in the back part of the storage area to promote
                        rotation of items.)

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Event-Related Sterility

               
               
               
               
                  
                  
                  
                  ANSI/AAMI ST79 states that “the shelf life of
                     facility-sterilized items is event-related and should be based on the quality of
                     the packaging material, the storage conditions, the methods and conditions of
                     transport, and the amount and conditions of handling.” With event-related
                     sterility, items are considered sterile unless the integrity of the packaging is
                     compromised (e.g., torn, soiled, wet, or showing evidence of tampering).
                     Packages should be used prior to their labeled expiration date and evaluated
                     before use for loss of integrity and signs of contamination such as moisture,
                     tears, or discoloration.

                  
                  
                  
                  Conditions that may alter
                     the integrity of the packaging include the following:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Environmental sources of
                           contamination (e.g., moisture, vermin, and air movement associated
                           with traffic or transportation)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Barrier properties of the
                           packaging material (e.g., the integrity of its seals and its
                           resistance to tearing)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Storage and distribution practices
                           (e.g., open versus closed shelving and transport units)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Stacking of sterile items that
                           could result in packaging being torn

                        
                        

                     
                     
                     
                     	
                        
                        
                        Inventory control (e.g., realistic
                           standards and stock rotation)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Frequency of handling between
                           distribution and the user

                        
                        

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Repurposing/Reprocessing Single-Use Devices

         
         
         
         
            
            
            
            For several decades, hospitals and private healthcare establishments have
               reprocessed various single-use devices (SUDs). The practice of using SUDs was
               promoted as labor-saving and cost-efficient. Reprocessing a single-use device
               includes decontamination, functional testing, repackaging, relabeling, and
               sterilization of the device.

            
            
            
            Increasing healthcare costs, environmental concerns, and
               recognition of finite resources have prompted healthcare facilities to consider
               reprocessing devices labeled as single-use devices. Manufacturers choose whether or
               not to label a device as “single use,” and they are not required to provide evidence
               to support their designation. Many manufacturers attach the single-use label to
               devices they previously marketed as reusable or currently market as reusable outside
               the United States. A reused single-use device will have to comply with the same
               regulatory requirements of the device as when it was originally manufactured.

            
            
            
            Personnel should maintain the sterile packaging and/or
               container integrity to ensure an intact seal and confirm that sterilization
               indicators with expiration date (if provided) are verified. Before use, sterile
               packages should always be inspected for signs of contamination such as moisture,
               tears, or discoloration in addition to the expiration date. Items including
               solutions should be aseptically transferred to sterile fields.

            
            
            
            When used for sterile procedures, disinfectant pads or swabs
               (i.e., alcohol, chlorhexidine, betadine), including those in sterile kits or trays,
               should be checked to verify that the label on their package indicates that they are
               sterile. Otherwise they are considered a nonsterile item. Custom kits made by the
               manufacturer must also be checked to verify that each individual component is sealed
               and is within its expiration date to ensure its sterility.

            
            

         
         
         
         
         
            
            
            Preventing Infection in
               Implanted Devices

            
            
            
            
               
               
               
               The risk of infection and the benefit of
                  having a reusable medical device must be assessed together. Implanted medical
                  devices include:

               
               
               
               
                  
                  
                  	
                     
                     
                     Implantable joints.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Prosthetic cardiac valves.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Defibrillators and pacemakers.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Left ventricular assist devices.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Tissue allograft implants.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Spinal implants.

                     
                     

                  
                  

               
               
               
               These are foreign objects, and, although they
                  are intended to improve the patient’s well-being, the body’s natural defense
                  mechanisms jump into action. The selection of the correct device, with
                  forethought regarding placement; insertion under the sterile conditions, with
                  the most pristine surgical technique for hematoma prevention; suture closure;
                  and attentive postoperative care are necessary to have the optimum desired
                  outcome.

               
               

            
            

         
         
         
         
            
            
            Implants and Biofilms

            
            
            
            
               
               
               
               Microorganisms attach to
                  surfaces of inanimate material and produce extracellular polysaccharides,
                  resulting in the formation of biofilms. Biofilms themselves facilitate
                  further attachment, and organisms within a biofilm behave differently, in a
                  way that allows for increased survival of the organism in the biofilm. The
                  types of organisms that develop biofilms are broad, including many
                  pathogenic bacteria and fungi. Organisms associated with biofilm production
                  enjoy a significant decrease in antimicrobial susceptibility.

               
               
               
               Patients receiving implanted medical
                  devices—including joint replacements, stents, and pacemakers—are at
                  increased risk of developing an infection at the surgical site. The
                  increased risk of infection is linked to a localized immunological deficit
                  at the interface between the implant and the host. This immune deficiency
                  leads to a reduced ability to clear microorganisms from the vicinity of the
                  biomaterial, and any contaminating bacteria are therefore more likely to
                  cause an implanted medical device infection.

               
               

            
            

         
         
         
         
            
            
            Regulations for Reprocessed Single-Use Devices

            
            
            
            
               
               
               
               Concerns over the safety of reprocessing single-use
                  devices have led the U.S. Food and Drug Administration (FDA) and its international
                  counterparts to develop and publish regulations for this practice. Under these
                  regulations, reprocessors—hospital-based or third party—must meet the same standards
                  as the original manufacturer.

               
               
               
               When considering reprocessing SUDs, healthcare
                  facilities are faced with the decision whether to contract with a third party or
                  formulate an in-house plan. No matter which approach is taken, the process must
                  comply with the FDA regulations, which include the following:

               
               
               
               
                  
                  
                  	
                     
                     
                     Registration and listing. Register and
                        report reprocessed single-use devices.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Medical device reporting. Report adverse
                        events.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Medical device tracking. Establish
                        tracking system to locate devices promptly.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Medical device corrections and removal.
                        Report any corrected or removed device.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Quality system regulation (manufacturing
                        requirements):

                     
                     
                     
                     
                        
                        	
                           
                           
                           Govern the methods and controls
                              used for design, manufacturer, packaging, labeling, storage,
                              installation, and servicing of devices. This includes all class II
                              and class III devices and some class I devices.

                           
                           

                        
                        
                        	
                           
                           
                           Address corrective and preventive
                              action requirements.

                           
                           

                        
                        
                        	
                           
                           
                           Satisfy process validation
                              requirements. Process validation establishes, by objective evidence,
                              that a process consistently produces a result or a product meets its
                              predetermined specifications.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Labeling. Label name and place of
                        manufacturer and adequate directions for use.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Premarket notification and approval
                           requirement. Premarket notification [510(k)] is required for class I
                        and class II devices unless the device is specifically exempted. Premarket
                        approval (PMA) application is required for all class III devices depending
                        upon the type of device; a premarket notification [510(k)] may also be
                        required.

                     
                     

                  
                  

               
               
               
               It is imperative that all IPs have up-to-date
                  knowledge of regulatory requirements, guidelines, and best practices related to
                  reprocessing and reuse of single-use-devices. This knowledge should inform their
                  responsibilities as it relates to purchasing, product assessment, and contractor
                  selection.

               
               
               
               Healthcare facilities considering contracting with a commercial
                  third-party reprocessor have the responsibility of knowing that reprocessing an SUD
                  presents no greater risk to their patients’ health and safety. The decision to
                  contract with a reprocessing company should be based on a thorough review and FDA
                  approval of their 510(k) application.

               
               
               
               It is unlikely that some facilities will choose to
                  maintain in-house reprocessing programs because of the cost of developing and
                  maintaining programs that meet all of the FDA requirements.

               
               

            
            
            
            
               
               
               Reprocessing Endoscopes

               
               
               
               
                  
                  
                  
                  Endoscopes have been linked to contaminated
                     healthcare-associated outbreaks more than any other medical or surgical device.
                     In order to prevent the spread of HAIs, all endoscopes with side-viewing
                     channels and all heat-sensitive endoscopes (e.g., gastrointestinal endoscopes,
                     bronchoscopes, nasopharyngoscopes) must be properly cleaned and at a minimum
                     subjected to high-level disinfection (HLD) following each use. 

                  
                  
                  
                  Unfortunately, there is poor compliance with the recommendations for
                     reprocessing endoscopes. The CDC Healthcare Infection Control Practices
                     Advisory Committee (HICPAC) recommends that all facilities performing
                     endoscopic procedures develop a reliable, high-quality infrastructure that
                     includes, in addition to annual training and competencies, the essential
                     steps for endoscope reprocessing: point-of-use cleaning, leak
                     testing, manual cleaning, visual inspection, disinfection or sterilization
                     per manufacturer’s instructions for use, transportation, and storage.

                  
                  
                  
                  In general, endoscope disinfection or sterilization with a
                     liquid chemical sterilant or high-level disinfectant involves four steps after
                     leak testing:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Clean. Manually
                           clean internal and
                           external surfaces, including brushing internal channels and flushing
                           each internal channel with water and an enzymatic cleaner.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Disinfect and
                              rinse. Completely immerse endoscope in high-level disinfectant
                           (or chemical sterilant) and perfuse disinfectant (this eliminates air
                           pockets and ensures germicide contact with internal channels) into all
                           accessible channels such as the suction/biopsy channel and the air/water
                           channel, and expose for a time recommended for specific products. Rinse
                           the endoscope and all channels with sterile water, filtered water
                           (commonly used with automated endoscope reprocessors), or tap
                           water.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Dry. Rinse the
                           insertion tube and inner channels with alcohol and dry with
                           pressure-regulated forced air for at least ten minutes after
                           disinfection and before storage.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Store. Store
                           the endoscope and its accessories, such as valves, in cabinets with
                           HEPA-filtered air and in a way that prevents recontamination and
                           promotes drying (e.g., hung vertically). The duration of time that a
                           scope can remain without reprocessing (hang time) should be
                           determined for the organization using a multidisciplinary risk
                           assessment.

                        
                        

                     
                     

                  
                  
                  
                  The following graphic shows the
                     process and steps for reprocessing endoscopes.

                  
                  
                  
                  
                     Exhibit 5-6: Reprocessing Endoscopes[image: A circular diagram illustrating the four major steps in endoscope reprocessing. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Endoscopes with side-viewing
                     elevator channels (duodendoscopes) are difficult to clean and have been
                     linked to outbreaks of Carbapenem-resistant Enterobacterales (CRE)
                     infections. Specific precautions related to duodendoscopes include
                     additional steps and brushes, flushing and manipulating the elevator during
                     cleaning, referring to IFU, and verifying to ensure proper cleaning after
                     each use.

                  
                  
                  
                  High-level disinfection
                     is the recognized standard for flexible endoscopes, and it can be achieved
                     either manually or with use of an automated endoscope reprocessor (AER).
                     AERs can standardize several important reprocessing steps, reduce the
                     likelihood that an essential step will be skipped, and reduce personnel
                     exposure to high-level disinfectants. AERs provide superior cleaning and
                     decontamination, improved rinsing of disinfectants, and reduced residual
                     disinfectants in the endoscope compared to manual processing.

                  
                  
                  
                  
                     Key Point

                     
                        
                        
                        If an AER cycle is
                           interrupted, high-level disinfection or
                           sterilization cannot be assured and therefore the
                           entire cycle must be repeated. Because design flaws
                           have compromised the effectiveness of AERs, the
                           infection prevention staff should routinely review
                           FDA advisories, manufacturer alerts, and the
                           scientific literature for reports of AER
                           deficiencies that may lead to infection.

                        
                        

                  
                  
                  
                  Facility policies should also address the management of
                     instruments that have been borrowed from other healthcare facilities or
                     manufacturers for temporary use. A system for documenting endoscopes used during
                     procedures, to include patient identifiers, aids in identification of patients
                     who may have been affected by a product recall or a reprocessing failure.
                     Periodic quality assurance audits of the endoscope program should be conducted
                     to ensure that all aspects of the program are maintained per current standards.
                     Unfortunately, studies have shown that contamination can persist in endoscopes
                     even if strict adherence to the guidelines for cleaning and disinfection is
                     followed.

                  
                  

               
               

            
            

         
         
         
   
      
         
         
         
         Section C: Monitoring and Evaluation

         
         
         
         
            
            
            
               After
                  completing this section, learners will be able to:
               

            
            
            
            
               
               
               	
                  
                  
                  Identify and evaluate critical steps of cleaning/low-level
                     disinfection, high-level disinfection, and/or sterilization through direct
                     observation.

                  
                  

               
               
               
               	
                  
                  
                  Audit the documentation of the process to ensure that
                     regulatory and policy requirements are met.

                  
                  

               
               

            
            
            
            In this section, we discuss evaluation methods used to monitor
               processes and process documentation to ensure that infection control policies and
               procedures are being followed in a facility.

            
            

         
         
         
         
   
      
         
         
         
         Direct Process Evaluation

         
         
         
         
            
            
            
            IPs should be involved in
                  continuous quality improvement of cleaning, sterilization,
                     and disinfection processes. Verification of practices and processes helps to
               identify failures in the system as soon as possible so corrective action can be
               taken before HCP and patients are affected. Direct process evaluation monitors
               processes through active means to ensure that procedures are being followed.

            
            
            
            A direct process evaluation includes:

            
            
            
            
               
               
               	
                  
                  
                  Designating and training of staff to
                     conduct the monitoring.

                  
                  

               
               
               
               	
                  
                  
                  Sampling of areas, opportunities, and
                     healthcare worker types to be monitored.

                  
                  

               
               
               
               	
                  
                  
                  Planning for data collection and
                     analysis.

                  
                  

               
               
               
               	
                  
                  
                  Validating the data collected.

                  
                  

               
               
               
               	
                  
                  
                  Reporting to frontline staff.

                  
                  

               
               
               
               	
                  
                  
                  Using the data for action.

                  
                  

               
               

            
            
            
            Unannounced visual inspection is a
               longstanding technique for identifying problems before they become serious
               infection threats. Observation rounds may be conducted by a single person or a
               small team, depending on the scope of observation needed. The IP should consult
               with their team to select the best approach to observation, weighing the pros
               and cons of different approaches against available resources. In some
               facilities, a manager whose area is under observation may accompany the team
               during the audit.

            
            

         
         
         
         
   
      
         
         
         
         Audit Tools and
            Checklists

         
         
         
         
            
            
            
            Checklists
               and audits are used to guide and assess infection prevention practices
               for a healthcare facility. They can be used by individuals when
               assessing staff practices and can also be used by facility staff
               themselves to help guide their practices.

            
            
            
            A
               checklist is a performance tool that lists a series of steps to
               help standardize a process for individuals conducting the process.
               Easily constructed using a word processor or spreadsheet application,
               checklists can be updated or changed to reflect the specific processes
               performed in the facility.

            
            
            
            An audit is a monitoring tool used by a third party to
               validate a process. Information gathered using an audit can show if additional
               training might be needed.

            
            

         
         
         
         
   
      
         
         
         
         Considerations
            for Other Processes

         
         
         
         
            
            
            
            Determining
               the thoroughness of cleaning is generally the highest priority.
               IPs should be involved in evaluating staff knowledge of cleaning
               policies and procedures as well as compliance with hand hygiene
               and appropriate use of PPE. While direct observation is the gold standard
               in many cases, it does pose some challenges. Other methods can be
               used to monitor practices and protocols. These other processes are
               discussed as appropriate in the sections below.

            
            

         
         
         
         
         
            
            
            Environmental Cleaning Evaluation

            
            
            
            
               
               
               
               The EVS
                     department is responsible for ensuring that staff are provided quality cleaning
                     and disinfecting products in the healthcare facility. The IP, however, is
                     responsible for evaluating the cleaning and disinfection policies, procedures,
                     and practices. As with other kinds of process surveillance, the evaluation
                  of staff performance and compliance with cleaning and disinfection policies and
                  procedures is best conducted through direct and indirect observation.

               
               
               
               Environmental rounds and regular visual
                  inspections can detect obvious problems but are insufficient to ensure the removal
                  of potential pathogens. Therefore, the use of environmental monitoring systems
                  should be incorporated into quality improvement programs. Key components of the
                  evaluation and quality improvement processes include:

               
               
               
               
                  
                  
                  	
                     
                     
                     Checklists and other audit tools.
                           
                        Checklists
                           can be incorporated into any round the IP and their team perform to
                           observe cleaning and disinfection processes.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Collaboration.
                           
                        To encourage
                           a sense of shared responsibility, EVS  should be included in
                           the evaluation process, including in the evaluation of the use of
                           tools.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Feedback.
                           
                        Providing
                           timely feedback to EVS staff increases
                           motivation and engagement, which in turn results in performance
                           improvements.
                        

                     
                     

                  
                  

               
               
               
               Another method that can be used to
                  determine whether cleaning and disinfection have been completed effectively is
                  environmental monitoring using fluorescent gel or adenosine triphosphate (ATP)
                  bioluminescence. Fluorescent gels are applied to high-touch objects prior to room
                  cleaning. These gel markers dry transparent, resist abrasion, and indicate the
                  physical removal of a substance. ATP is used to test surfaces after cleaning. The
                  total amount of ATP, both microbial and non-microbial, is shown as relative light
                  units. Low ATP readings are associated with low aerobic colony counts (ACCs); very
                  high ATP readings can indicate the presence of viable bioburden, organic debris
                  including dead bacteria, or a combination of both. Because bleach-based
                  disinfectants may affect ATP readings, it is important that a surface be dry before
                  using the ATP tool.

               
               
               
               A daily cleaning checklist like the one
                  shown in Exhibit 5-7 can be used by environmental services staff to record the cleaning
                  process and method for each room.

               
               
               
               Exhibit 5-7: Environmental Services Checklist for Daily Cleaning
                  
                  [image: Checklist for evaluating cleaning of high-touch surfaces in healthcare. Includes a table with surface types, columns for cleaned/not cleaned/not present, and checkboxes for monitoring methods.]
                  

               
               
               
               The following
                  elements should be directly observed and noted by a third party during an evaluation
                  audit:

               
               
               
               
                  
                  
                  	
                     
                     
                     Supplies necessary for appropriate
                        cleaning and disinfection procedures (e.g., EPA-registered disinfectants)
                        are available.

                     
                     

                  
                  
                  
                  	
                     
                     
                     High-touch surfaces in rooms in which
                        surgical or other invasive procedures (e.g., endoscopy, spinal injections)
                        are performed are cleaned and then disinfected with an EPA-registered
                        disinfectant after each procedure.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Cleaners and disinfectants are used in
                        accordance with manufacturers’ instructions (e.g., dilution, storage, shelf
                        life, contact time).

                     
                     

                  
                  
                  
                  	
                     
                     
                     HCP engaged in environmental cleaning wear
                        appropriate PPE to prevent exposure to infectious agents or chemicals. (PPE
                        can include gloves, gowns, masks, and eye protection.)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Ensure that new equipment is properly reflected in cleaning, disinfection,
                        and sterilization policies, and that HCP have received appropriate training
                        and information per manufacturer’s recommendations.

                     
                     

                  
                  

               
               
               
               The IP might also use patient satisfaction surveys, which can
                  encourage patient
                  participation and are cost-effective. They can also incorporate feedback from
                  visitors or other staff members. However, this method will not necessarily collect
                  information about disinfection, as these processes may not be obvious to those
                  surveyed.

               
               

            
            

         
         
         
         
            
            
            Equipment and Devices Cleaning Evaluation

            
            
            
            
               
               
               
               The only way to
                  ensure adequate cleaning is to conduct a reprocessing verification test. At a
                  minimum, all instruments should be individually inspected and be visibly clean. As
                  with environmental cleaning, regular visual inspections can detect obvious problems
                  but are insufficient to ensure the removal of potential pathogens.

               
               
               
               Observation of the work area and HCP actions would indicate healthcare
                  personnel adherence to job-specific IP measures. A direct
                     observation checklist for device reprocessing would include the
                     following:

               
               
               
               
                  
                  
                  	
                     
                     
                     Policies, procedures, and manufacturer reprocessing
                        instructions for reusable medical devices used in the facility are
                        available in the reprocessing area(s).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Reusable medical devices are cleaned, reprocessed
                        (disinfection or sterilization), and maintained according to the
                        manufacturers’ instructions.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Single-use devices are discarded after use and not used
                        for more than one patient unless they have been appropriately reprocessed in
                        accordance with regulations (describe).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Adequate space is allotted for reprocessing
                        activities.

                     
                     

                  
                  
                  
                  	
                     
                     
                     A workflow pattern is followed such that devices clearly
                        flow from high contamination areas to clean/sterile areas (i.e., there is
                        clear separation between soiled and clean workspaces).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Adequate time for reprocessing is allowed to ensure
                        adherence to all steps recommended by the device manufacturer, including
                        drying and proper storage.

                     
                     

                  
                  
                  
                  	
                     
                     
                     HCP engaged in device reprocessing wear appropriate PPE to
                        prevent exposure to infectious agents or chemicals.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Medical devices are stored in a manner to protect them
                        from damage and contamination.

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Sharing Audit Results

         
         
         
         
            
            
            
            Audits are
               an important means of noting when additional training in response to lapses may be
               needed. It follows that the goal of sharing overall audit results is to enhance a
               healthcare facility’s performance improvement activities and reduce the risk of
               adverse outcomes. Facilities will decide which indicators and performance
               measurement methods should be used and how to turn the data into action that will
               improve patient care and safety. These decisions should be discussed at all levels
               of the organization. Audit results should be shared with frontline personnel, unit
               managers, the infection prevention committee, the quality improvement committee, and
               stakeholders.

            
            
            
            
               Key Point

               
                  
                  
                  There must be a strong link between the collection data and
                     the organization’s continuous improvement strategy and
                     support of clinical teams’ use of data to improve the
                     quality of healthcare.

                  
                  

            
            
            
            Sharing audit results helps to change and improve behavior at the
               unit or facility level. Data evaluation processes have been used successfully in a
               variety of healthcare settings to reduce the occurrence of infections by helping
               with risk factor identification, implementation of risk reduction measures, and
               monitoring the effectiveness of interventions. Compliance with protocols and
               procedures can be significantly improved with a combined approach of a highly
               objective targeting method, repeat performance feedback to personnel, and
               administrative interventions, which may include individual coaching.

            
            

         
         
         
         
   
      
         
         
         
         Giving Feedback

         
         
         
         
            
            
            
            Depending on the outcomes of the evaluation methods used,
               timely feedback and improved education are two of the most effective responses to
               any gaps or errors that may have been discovered. The IP should be prepared to
               provide education to any new staff member as well as annual refresher courses on key
               IPC measures and processes. When clear errors are being committed by staff, the IP
               should intervene with feedback to rectify any gaps in knowledge or technique. The
               results of evaluation should inform all education and training offered in the
               future.

            
            
            
            
               Key Point

               
                  
                  
                  The CDC defines feedback
                     as “a summary of audit findings that is used to target
                     performance improvement.” Feedback should be specific,
                     timely, and given in a manner that is
                     non-threatening.

                  
                  

            
            
            
            There are two types of feedback: immediate and
               planned. Immediate feedback (often called just-in-time feedback) is given at the
               time of occurrence and can be from anyone, including observers, managers,
               supervisors, or peers. Immediate verbal feedback, while valuable, does not replace
               targeted performance improvement activities. Planned feedback is given at
               predetermined intervals through a type of measurement system and is usually the
               responsibility of a designated department or assigned role.

            
            

         
         
         
         
   
      
         
         
         
         Regulatory and Policy Requirements

         
         
         
         
            
            
            
            The principles and practices for reprocessing
               instruments and reusable equipment for use in patient care should be monitored
               by the IP, who can serve as a valuable resource to the sterile processing
               department/areas. Process documentation policies must be in compliance with the
               standards and requirements of all local regulatory and relevant accrediting
               organizations (e.g., the American Association for Accreditation of Ambulatory
               Surgery Facilities [AAAASF], The Joint Commission [TJC]). Policies should also
               take into consideration the standards and recommendations of professional
               organizations (e.g., the Association for the Advancement of Medical
               Instrumentation [AAMI], the Association of periOperative Registered Nurses
               [AORN]). Policies should be based on current best practices and recommendations,
               and they should be reviewed on a regular basis as required by the facility’s
               governing body and any applicable regulatory organization. In addition, policies
               should be updated regularly when new equipment/products are purchased and when
               new information is published.

            
            
            
            
               Key Point

               
                  
                  
                  Though this discussion focuses on
                     maintaining records of sterilization processes, note
                     that other areas may also be subject to rules (arising
                     from regulations or from facility policies) regarding
                     record retention. Examples include maintenance of HVAC
                     and water systems, vaccine records, incident records,
                     etc. The IP must be familiar with all rules with regard
                     to record retention that apply to their specific
                     facility, as these will change from organization to
                     organization and jurisdiction to jurisdiction.

                  
                  

            
            

         
         
         
         
   
      
         
         
         
         Healthcare System
            Record Retention Policy

         
         
         
         
            
            
            
            Sterile processing personnel should follow their healthcare
               system’s record retention policy, which will be shaped by local regulations,
               statutes of limitation and other legal considerations, and various other
               factors. Most regulatory and professional agencies and organizations recommend
               or require that records be kept of sterilization cycles.

            
            
            
            Each item or
               package should be labeled with a lot-control identifier that includes
               the sterilizer identification number or code, a detailed list of
               the contents, an identifier for the person who assembled the package,
               the date of sterilization, the cycle number, and the expiration
               statement or date. If items were processed for immediate use, that
               should also be noted, along with the patient identifier and the
               reason why IUSS was used.

            
            
            
            Ideally,
               every reprocessed medical device can be traced to the patient; traceability
               is especially critical for implants. Likewise, scope disinfection
               or sterilization monitoring should be traceable to the patient.
               To ensure traceability, the sterilizer load identifier can be documented
               on the patient chart or the patient name can be noted on the load
               record.

            
            
            
            For each sterilization cycle, sterile processing staff should
               document the following in the sterilizer records:

            
            
            
            
               
               
               	
                  
                  
                  Lot number, date, time

                  
                  

               
               
               
               	
                  
                  
                  Contents of the load, including quantity,
                     department, and a specific description of the items

                  
                  

               
               
               
               	
                  
                  
                  Exposure time and temperature

                  
                  

               
               
               
               	
                  
                  
                  Operator’s name or initials

                  
                  

               
               
               
               	
                  
                  
                  Results of BI testing and Bowie-Dick testing,
                     if applicable

                  
                  

               
               
               
               	
                  
                  
                  Response of the CI placed in the PCD

                  
                  

               
               
               
               	
                  
                  
                  Any reports of inconclusive or nonresponsive
                     CIs found later in the load

                  
                  

               
               
               
               	
                  
                  
                  Aeration information (for EO-processed
                     loads)

                  
                  

               
               

            
            
            
            Detailed records of equipment maintenance, repairs, and
               calibration should be kept for each sterilizer. This documentation lets
               investigators know whether a major or minor repair was made to a sterilizer
               after a sterilization process failure occurred. This information is used to
               determine the type of sterilizer qualification testing to perform. Sterile
               processing staff also needs to document when the sterilizers were cleaned or
               other routine maintenance was performed according to the sterilizer’s written
               IFU (manufacturer’s instructions for use). Digitization of this documentation
               process will allow quicker access to load information for troubleshooting.

            
            

         
         
         
         
   
      
         
         
         
         Reporting Results
            of Monitoring

         
         
         
         
            
            
            
            Healthcare systems
               implement infection prevention and control activities when cleaning, disinfecting,
               sterilizing, and storing medical equipment, devices, and supplies.
               The healthcare system’s infection prevention and control committee
               or authority should routinely receive reports on the monitoring
               of the disinfection and sterilization processes.

            
            
            
            The reports should include whether testing
               was conducted according to policy. For example, reports should document:

            
            
            
            
               
               
               	
                  
                  
                  Daily BI testing for
                     steam sterilization.

                  
                  

               
               
               
               	
                  
                  
                  BI
                     testing of every load for EO and other gaseous chemical sterilants.

                  
                  

               
               
               
               	
                  
                  
                  BI
                     testing of every load with implants.

                  
                  

               
               
               
               	
                  
                  
                  Number
                     of positive BI results and what actions were taken.

                  
                  

               
               
               
               	
                  
                  
                  How
                     many times implants were released before BI results were known.

                  
                  

               
               
               
               	
                  
                  
                  How
                     often IUSS was performed.

                  
                  

               
               

            
            
            
            This information can be included in infection
               prevention and control committee minutes.

            
            

         
         
         
         
   
      
         
         
         
         Section D: Environment of Care

         
         
         
         
            
            
            
               After
                  completing this section, learners will be able to:
               

            
            
            
            
               
               
               	
                  
                  
                  Recognize and collaborate on environmental
                     cleaning processes for a safe care environment.

                  
                  

               
               
               
               	
                  
                  
                  Collaborate with others to select and
                     evaluate environmental cleaning and disinfectant products.

                  
                  

               
               
               
               	
                  
                  
                  Monitor for environmental pathogens (e.g.,
                     Legionella, Aspergillus).

                  
                  

               
               
               
               	
                  
                  
                  Identify infection prevention processes related to recall
                     of potentially contaminated equipment, food, medications, and supplies.

                  
                  

               
               

            
            
            
            This section describes the necessary considerations for
               providing a safe environment of care, including collaborating with EVS and other
               facility partners.

            
            

         
         
         
         
   
      
         
         
         
         Environmental Surface
            Cleaning

         
         
         
         
            
            
            
            Accumulation of dust, soil, and microbial contaminants on
               environmental surfaces in healthcare facilities contributes to the spread of HAIs.
               Many microorganisms survive on surfaces for long periods of time, and contact with
               contaminated surfaces easily leads to cross-transmission of microorganisms between
               people and the environment. Routine cleaning of environmental surfaces is necessary
               to maintain a basic standard of cleanliness and prevent the spread of infection. Cleaning schedules and procedures progress from the least
                  soiled areas to the most soiled (patient zone) and from high surfaces to low
                  ones.

            
            
            
            
               Key Point

               
                  
                  
                  The key to cleaning and
                     disinfecting environmental surfaces is the use of friction
                     to physically remove visible dirt, organic material, and
                     debris, thereby removing microorganisms.

                  
                  

            
            
            
            Cleaning methods and procedures
               vary among healthcare settings, and each institution must establish written policies
               and procedures. A multidisciplinary approach is recommended because cleaning of the
               environment involves everyone in the facility. The multidisciplinary team should
               include EVS, infection prevention and control, nursing, administration, clinical
               engineering, facilities, materials management, pharmacy, information systems, and
               food services.

            
            

         
         
         
         
         
            
            
            No-Touch Methods

            
            
            
            
               
               
               
               Environmental surfaces and objects in rooms are frequently
                  improperly cleaned and remain contaminated. For this reason, several manufacturers
                  have developed room disinfection units that can decontaminate environmental surfaces
                  and objects if first properly cleaned. These “no-touch” systems use several methods:
                  UV light, hydrogen peroxide, or copper surface technology.

               
               
               
               
                  Key Point

                  
                     
                     
                     No-touch systems do not replace standard
                        cleaning and disinfection because surfaces must be physically cleaned of dirt
                        and debris before using these systems.

                     
                     

               
               

            
            
            
            
               
               
               Ultraviolet (UV) Light

               
               
               
               
                  
                  
                  
                  At certain wavelengths, UV light will
                     break the molecular bonds in DNA and destroy the organism. Of particular interest
                     for use in healthcare facilities is UV-C light, which has a characteristic
                     wavelength of 200 to 270 nm (e.g., 254 nm), which lies in the germicidal active
                     portion of the electromagnetic spectrum of 200 to 320 nm.

                  
                  
                  
                  The efficacy of UV irradiation is
                     determined by different factors such as intensity, exposure time, lamp placement
                     (distance from the object), presence or absence of reflective material, and air
                     movement patterns/humidity. Room decontamination with UV systems has resulted in
                     significant reductions in aerobic bacteria and C.
                        difficile counts on high-touch surfaces. Nanostructure UV-reflective wall
                     coatings have helped to reduce the time needed to decontaminate a room using a
                     UV-C-emitting device.

                  
                  
                  
                  Automated mobile UV-C
                     units have been shown to eliminate pathogens such as MRSA, VRE, CRE, and Acinetobacter baumannii and to be
                     able to reduce C. difficile on
                     surfaces such as Formica and stainless steel found in patient rooms. A UV-C system can reduce
                     vegetative bacteria in 15 to 20 minutes and C. difficile in 35 to 100 minutes. However,
                     effectiveness is reduced when surfaces are not in the direct line of sight. Handheld
                     UV-C radiation devices have also been produced; these devices also rapidly kill C. difficile spores and other
                     healthcare-associated pathogens on surfaces.

                  
                  
                  
                  UV-C lamps may pose risks to HCP
                     and the facility, depending on a variety of factors including the specific
                     wavelength(s) of the light, the dose, and the duration of exposure. Among the
                     potential risks are burn-like reactions in the skin and eye injuries, the generation
                     of ozone (a respiratory irritant), and damage to certain materials like plastics,
                     polymers, and dyed textiles.

                  
                  
                  
                  Research into how to
                     safely implement UV disinfecting technology in healthcare facilities continues. A
                     specific range of wavelengths in the UV-C range, called far UV, have been isolated.
                     The wavelength for far UV is between 207 and 222 nanometers. These wavelengths are
                     believed to be safer for humans due to strong absorption by proteins and the size
                     of
                     human cells, which prevent the radiation from reaching cell nuclei at a high rate.
                     In contrast, bacteria and viruses (which tend to be smaller) are completely
                     irradiated at these wavelengths. However, the side effect of this is that the
                     presence of organic matter (which contains protein) reduces the efficacy of far UV.
                     Additionally, the lower intensity of radiation at these wavelengths requires longer
                     times to achieve disinfection.

                  
                  

               
               

            
            
            
            
               
               
               Hydrogen Peroxide (HP)

               
               
               
               
                  
                  
                  
                  Several systems that use hydrogen
                     peroxide (e.g., hydrogen peroxide vapor [HP vapor], aerosolized dry mist HP) can
                     decontaminate environmental surfaces and objects in hospital rooms. These HP systems
                     are highly effective for eradicating various pathogens (e.g., MRSA, M. tuberculosis, Serratia, C. difficile spores, Clostridium botulinum spores) from rooms,
                     furniture, and equipment. Environmental decontamination with HP vapor reduces the
                     risk for a patient admitted
                     to a room previously occupied by a patient with a multiple-drug-resistant organism (MDRO) from acquiring the
                     MDRO by 64% compared to using standard disinfection methods. However, HP system
                     decontamination has been shown to take more than four times longer than conventional
                     cleaning, resulting in prolonged bed turnover time.

                  
                  

               
               

            
            
            
            
               
               
               Copper Surface Technology

               
               
               
               
                  
                  
                  
                  Copper and copper alloys have
                     antimicrobial properties that interrupt the cellular metabolic activity of
                     microorganisms and inhibit growth. Copper-infused surfaces can inhibit bacterial
                     growth on environmental surfaces and decrease the accumulated bioburden over time
                     in
                     occupied patient rooms.
                     Unlike UV or HP systems, surfaces that contain copper provide continuous
                     environmental disinfection. This may reduce the risk of environmental pathogens;
                     however, additional studies are needed to determine if this translates into reducing
                     the risk of HAIs.

                  
                  

               
               

            
            
            
            
               
               
               Comparison of UV Versus Copper Surfaces

               
               
               
               
                  
                  
                  
                  UV irradiation devices, HP systems, and copper
                     surfaces can all reduce environmental contamination with healthcare-associated
                     pathogens. The advantages, disadvantages, and efficacies of each system should be
                     studied before introducing it into a healthcare facility.

                  
                  
                  
                  The main advantage of both UV and HP units is
                     their ability to achieve substantial reductions in vegetative bacteria. UV and HP
                     systems are residual-free, and they decontaminate all exposed surfaces and equipment
                     in the room. In comparison, copper surfaces offer continuous surface decontamination
                     without additional equipment; however, this effect is limited to the surfaces that
                     the copper covers rather than the entire room.

                  
                  
                  
                  The major disadvantages of the UV-C and HP
                     decontamination systems is the cost of the equipment and remodeling. In order to use
                     the UV-C and HP systems, personnel and patients must be removed from the room. The UV-C system
                     offers faster decontamination than the HP system, which reduces the downtime of the
                     room before another patient
                     can be admitted, while the HP system has demonstrated greater effectiveness in
                     eliminating spore-forming organisms. Copper surfaces become part of the permanent
                     fixtures in the patient care
                     environment, but specialized training for care and maintenance may be required.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Cleaning of Specific Areas

            
            
            
            
               
               
               
               There are additional considerations associated with other
                  groupings of services and tasks. Here we will discuss high-touch surfaces,
                  housekeeping, and special care areas.

               
               

            
            
            
            
               
               
               High-Touch Surfaces

               
               
               
               
                  
                  
                  
                  High-touch
                        surfaces and items are found within the patient zone, which includes the
                     patient and their
                     immediate surroundings. In healthcare settings, this would refer specifically to the patients’ rooms but may
                     also refer to certain common areas. In a patient’s room, the zone would include the patient, their bed, and the surrounding
                     high-touch surfaces. Due to the high level of contact patients can have with their spaces, a patient zone can quickly become
                     contaminated by any pathogen or microorganism with which the patient is colonized or infected. It is
                     imperative, therefore, that a patient’s room be properly cleaned to avoid any contaminated surfaces
                     becoming reservoirs for microorganisms that could be transmitted to the next
                     individual occupying or contacting that zone.

                  
                  
                  
                  The following are examples
                     of high-touch surfaces:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Counters

                        
                        

                     
                     
                     
                     	
                        
                        
                        Carts

                        
                        

                     
                     
                     
                     	
                        
                        
                        Tables, desks, and nightstands

                        
                        

                     
                     
                     
                     	
                        
                        
                        Handles (doors, drawer, cupboard)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Light
                           switches

                        
                        

                     
                     
                     
                     	
                        
                        
                        Stair
                           rails

                        
                        

                     
                     
                     
                     	
                        
                        
                        Elevator buttons

                        
                        

                     
                     
                     
                     	
                        
                        
                        Pens

                        
                        

                     
                     
                     
                     	
                        
                        
                        Keyboards

                        
                        

                     
                     
                     
                     	
                        
                        
                        Phones
                           (mobile or otherwise)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Toilets

                        
                        

                     
                     
                     
                     	
                        
                        
                        Sinks

                        
                        

                     
                     
                     
                     	
                        
                        
                        Faucets

                        
                        

                     
                     

                  
                  
                  
                  Other common high-touch surfaces that may be found
                     in healthcare settings include:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        TV
                           (and other) remote controls.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Mobility equipment (e.g., grips, armrests, handles for wheelchairs,
                           walkers).

                        
                        

                     
                     

                  
                  
                  
                  
                     Key Point

                     
                        
                        
                        Compliance with both hand hygiene and environmental
                           cleaning practices and policies is the only way to ensure a safe care
                           environment for patients, staff, and visitors at a healthcare facility.

                        
                        

                  
                  
                  
                  Despite the amount of contact they receive,
                     floors, walls, lights, and ventilation grilles are not considered high-touch
                     surfaces, and they usually need less frequent cleaning. Facility plans should
                     include routine cleaning schedules for these surfaces; these schedules should
                     include procedures for identifying effective cleaning agents. As with medical and
                     other equipment used by staff and patients, all surfaces should be cleaned immediately if visibly
                     soiled.

                  
                  
                  
                  Cleaning and disinfecting products are not
                     necessarily interchangeable, and EVS staff are likely to use different products from
                     those that are used to clean and disinfect patient care equipment and instruments. The IP should check
                     all facility cleaning policies to ensure that appropriate cleaning agents are being
                     used correctly, per EPA regulations and IFU.

                  
                  

               
               

            
            
            
            
               
               
               Housekeeping

               
               
               
               
                  
                  
                  
                  Housekeeping surfaces require regular cleaning and
                     removal of soil and dust. Most, if not all, housekeeping surfaces need to be
                     cleaned with only soap and water or a detergent/disinfectant, depending on the
                     nature of the surface and the type and degree of contamination. Horizontal
                     surfaces with infrequent hand contact (e.g., window sills and hard-surface
                     flooring) in routine patient-care areas require cleaning on a regular basis,
                     when soiling or spills occur, and when a patient is discharged from the
                     facility

                  
                  
                  
                  When cleaning floors, caution
                     must be used to avoid contamination of cleaning solutions and tools. Bucket
                     solutions should be replaced frequently because they become contaminated quickly
                     and can spread microorganisms to surfaces. Cleaning cloths and mop heads must be
                     laundered and dried before re-use to minimize contamination.

                  
                  
                  
                  Dilute solutions in detergents or
                     disinfectants can contain microorganisms and should not be prepared in a dirty
                     container, stored for long periods of time, or prepared incorrectly. Avoid using
                     contaminated solutions in small-quantity aerosol bottles or equipment that might
                     produce aerosols during operation, especially in high-risk patient areas.
                     Minimize bacterial contamination by making fresh cleaning solution daily,
                     discarding any remaining solution, and drying out the container.

                  
                  

               
               

            
            
            
            
               
               
               Special Care Areas

               
               
               
               
                  
                  
                  
                  Guidelines have been published regarding cleaning
                     strategies for isolation areas. The basic strategies for areas housing
                     immunosuppressed patients include:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Wet-dusting horizontal surfaces daily with cleaning cloths
                           pre-moistened with detergent or an EPA-registered hospital disinfectant
                           or disinfectant wipes.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Using care when wet-dusting equipment and surfaces above the patient to
                           avoid patient contact with the detergent/disinfectant.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Avoiding the use of cleaning equipment that produces mists or
                           aerosols.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Equipping vacuums with HEPA filters, especially for the exhaust, when
                           used in any patient-care area housing immunosuppressed
                           patients.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Regular cleaning and maintenance of equipment to ensure efficient
                           particle removal.

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               OR
                  Cleaning

               
               
               
               
                  
                  
                  
                  Before the day’s
                     surgery begins, clean and disinfect:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        All flat surfaces (wipe from top
                           to bottom, then from the center outward).

                        
                        

                     
                     
                     
                     	
                        
                        
                        The patient bed and its
                           attachments, positioning devices, and patient transfer devices.

                        
                        

                     
                     

                  
                  
                  
                  The floor should be cleaned with an
                     EPA-registered hospital disinfectant/detergent according to the manufacturer’s
                     instructions. Cleaning between patients must always include all high-touch and
                     contaminated surfaces and objects that were used.

                  
                  
                  
                  At
                     the end of each day’s operating schedule, a complete terminal cleaning of every
                     OR, scrub room, and service room must be done. The decontamination process in
                     terminal cleaning starts with the ceiling and OR lights and moves downward, with
                     the floor cleaned last.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Other Common Issues

            
            
            
            
               
               
               
               As a part of environmental cleaning, healthcare
                  facility plans should address other common issues and areas, such
                  as blood and body substance spills, carpeting and cloth furnishings,
                  and flowers and plants.

               
               

            
            
            
            
               
               
               Blood and Body
                  Substance Spills

               
               
               
               
                  
                  
                  
                  Prompt removal and surface
                     disinfection of an area contaminated by either blood or body substances
                     are sound infection-control practices. Workers cleaning a blood
                     or body substance spill should:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Wear appropriate PPE.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Confine the spill and wipe it up immediately
                           with absorbent (paper) towels or cloths or absorbent granules (if
                           available) that are spread over the spill to solidify the blood
                           or body fluid. (All should then be disposed of as infectious waste.)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Clean thoroughly, using neutral detergent
                           and warm water solution.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Disinfect using a facility-approved intermediate-level
                           disinfectant.

                        
                        
                        
                        
                           
                           
                           	
                              
                              
                              Typically,
                                 chlorine-based disinfectants at 500 to 5,000 ppm free chlorine (1:100
                                 or 1:10 dilution of 5% chlorine bleach, depending on the size of
                                 the spill) are adequate for disinfecting spills. (However, do not
                                 use chlorine-based disinfectants on urine spills.)

                              
                              

                           
                           
                           
                           	
                              
                              
                              Take
                                 care to allow the disinfectant to remain wet on the surface for
                                 the required contact time (e.g., 10 minutes), and then rinse the
                                 area with clean water to remove the disinfectant residue (if required).

                              
                              

                           
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        Immediately
                           send all reusable supplies and equipment (e.g., cleaning cloths,
                           mops) for reprocessing (cleaning and disinfection) after the spill
                           is cleaned up.

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Textiles (Carpeting and Cloth Furnishings)

               
               
               
               
                  
                  
                  
                  The cleaning of textiles is an essential part of
                     environmental cleaning in healthcare facilities but one that can present extra
                     challenges. Facility plans should include routine cleaning
                        schedules for textiles such as carpeting and cloth furnishings. These schedules
                        should include procedures for identifying effective cleaning agents. The CDC’s
                        guidelines recommend cleaning with “a product containing soap, detergent, or
                        other type of cleaner” that is EPA-registered and approved for use on soft
                        surfaces. Items should be laundered according to manufacturers’ instructions.
                        Thus, selecting carpets and cloth furnishings that are readily cleanable using
                     available cleaners is important. 

                  
                  
                  
                  Carpet cleaning should be performed
                     on a regular basis determined by internal policy. Care should be taken to minimize
                     or prevent production of aerosols and dispersal of carpet microorganisms into the
                     air caused by both vacuuming and shampooing or wet cleaning. Vacuum cleaners should
                     be maintained to minimize dust dispersal in general and should be equipped with HEPA
                     filters, especially those used in high-risk-patient areas. Carpet cleaning equipment needs to be in good
                     repair and allowed to dry between uses.

                  
                  
                  
                  While most modern carpet
                     brands suitable for public facilities can tolerate the activity of a variety of
                     liquid chemical germicides, carpeting contaminated with blood or other potentially
                     infectious materials cannot be fully decontaminated. Carpet tiles are recommended
                     in
                     high-activity patient-care
                     areas at high risk for spills. In the event of contamination with blood or other
                     body substances, carpet tiles can be removed, discarded, and replaced.

                  
                  
                  
                  
                  Privacy curtains are another
                     textile item that can become contaminated with certain pathogens. A CDC study found
                     that spraying privacy curtains with an improved hydrogen peroxide spray can
                     significantly reduce MDRO contamination (greater than 95%). However, for certain
                     pathogens (C. difficile, for
                     example), contaminated curtains should be removed and properly laundered before
                     being reused. They should be cleaned
                        whenever visibly soiled in addition to scheduled routine cleanings. And when a
                        patient is removed
                        from contact or droplet precautions, the privacy curtains should be removed,
                        cleaned, and disinfected.

                  
                  

               
               

            
            
            
            
            
               
               
               Flowers and Plants

               
               
               
               
                  
                  
                  
                  While flowers in hospitals have not been found to be
                     significantly more contaminated with bacteria compared with flowers in
                     restaurants or in the home, precautions for general patient-care settings should
                     be implemented, including:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Limiting flower and plant care to
                           staff with no direct patient contact.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Advising healthcare staff to wear
                           gloves when handling plants.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Washing hands after handling
                           plants.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Changing vase water every two days and
                           discharging the water into a sink outside the immediate patient
                           environment.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Cleaning and disinfecting vases after
                           use.

                        
                        

                     
                     

                  
                  
                  
                  Attempts should be made to exclude flowers and plants from
                     areas where immunosuppressed patients are located (e.g., HSCT [hematopoietic
                     stem cell transplant] units).

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Collaboration with EVS

         
         
         
         
            
            
            
            There is increasing evidence that the
               environment of a healthcare facility serves as a source of HAIs.
               Infection prevention and control and environmental services (EVS)
               should partner with each other and with other healthcare personnel
               to develop and implement an EVS program that prevents the environment
               from becoming a reservoir of microorganisms.

            
            

         
         
         
         
         
            
            
            IPs and EVS

            
            
            
            
               
               
               
               Infection preventionists work
                  with EVS directors, managers, and supervisors to determine a healthcare
                  facility’s policies and procedures for cleaning. Because these policies
                  and procedures affect the entire facility, a multidisciplinary group
                  consisting of nursing, administration, facilities, pharmacy, clinical
                  engineering, materials management, pharmacy, food services, and information
                  systems should also be consulted.

               
               
               
               Policies and procedures should be specific
                  to the facility and meet any governing regulatory requirements.
                  They should address departmental concerns, cleaning procedures,
                  cleaning agents and equipment, cleaning schedules, education and
                  training for personnel, and cleaning evaluation.

               
               

            
            

         
         
         
         
            
            
            Education Programs

            
            
            
            
               
               
               
               Education programs play a key role in infection prevention and
                  control. Required orientation sessions should include such topics
                  as cleaning
                     techniques, cleaning agents, isolation precautions, N95 particulate respirators,
                     personal attire and hygiene, and behavior. Frequent re-education programs
                  on the same topics, especially thoroughness of cleaning for
                     high-touch surfaces, may be beneficial.

               
               
               
               Subsequent training programs may
                  address and review bloodborne pathogens, pest control (including cockroaches,
                  rodents, and bedbugs), gastrointestinal outbreaks, EVS problems identified by
                  regulatory agencies, new products and equipment, isolation precautions, special
                  topics (aspergillosis in immunosuppressed patients and latex allergies), weaknesses
                  identified by continuous quality improvement, and competency testing programs. If
                  an
                  individual is unable to demonstrate competency after an education session, further
                  education and training should be provided.

               
               
               
               
                  Key Point

                  
                     
                     Environmental safety education for all
                        staff, including EVS personnel, can help prevent HAIs that lead to
                        undesirable patient outcomes and increased healthcare costs.

                     
                     

               
               
               
               Educational programs should be appropriate to
                  the personnel being trained. The fact that EVS personnel often have the lowest education
                        level among HCP  should be
                        considered when designing programs and training. EVS staff should understand the reasons for thorough cleaning and
                        how the environment can be a source of cross-contamination of infection.
                        Multiple educational methods, such as visual aids, return
                  demonstrations, repetition, and hands-on training, can increase learning. The use
                  of
                  interpreters and small group interactions also enhance participant learning.

               
               

            
            

         
         
         
         
            
            
            PPE Use

            
            
            
            
               
               
               
               In accordance with CDC and other agency
                  guidelines, EVS managers and supervisors, in conjunction with IPs and other HCP,
                  determine when personal protective equipment (PPE) is necessary, write use policies
                  and procedures, and select and purchase appropriate products. They should educate
                  EVS personnel about PPE, make sure PPE is available, and monitor use. The PPE
                  training program must include the following:

               
               
               
               
                  
                  
                  	
                     
                     
                     When PPE is worn

                     
                     

                  
                  
                  
                  	
                     
                     
                     What PPE to wear

                     
                     

                  
                  
                  
                  	
                     
                     
                     How to don, remove, adjust, and wear each
                        type of PPE

                     
                     

                  
                  
                  
                  	
                     
                     
                     Limitations of each type of PPE

                     
                     

                  
                  
                  
                  	
                     
                     
                     Care, maintenance, useful life, and storage
                        or disposal of PPE

                     
                     

                  
                  
                  
                  	
                     
                     
                     Written indication that the employee has received and
                        understood the training (including record of successful return
                        demonstration)

                     
                     

                  
                  

               
               
               
               Gloves, gowns, and protective face wear
                  (masks and eyewear) are the PPE most commonly worn by EVS staff. Gloves (latex,
                  latex-free, vinyl, nitrile, rubber) should be nonabsorbent and impervious.
                  Disposable gloves can be used in most situations, but heavy-duty gloves should be
                  used if removing municipal and infectious waste. Reusable heavy-duty gloves must be
                  decontaminated after use and stored appropriately. A fluid-resistant or fluid-proof
                  gown, a mask, gloves, and protective eyewear are required when there is a
                  possibility of splashing or splattering.

               
               
               
               Disposable PPE must be discarded into the appropriate waste
                  containers after use.

               
               
               
               Soiled reusable gowns and gloves and other reusable PPE should
                  be put in a designated place until they can be cleaned and disinfected. Reusable
                  items must be disinfected at the end of each shift or sooner. Reusable PPE should
                  not be stored in personnel lockers or removed from the facility.

               
               
               
               When cleaning and disinfecting the room
                  of a patient on isolation
                  precautions, personnel are required to wear protective apparel per the specified
                  transmission-based precautions type, even if the patient is out of the room or has been discharged. For
                  example, when cleaning the room of a patient with suspected or confirmed tuberculosis, EVS
                  personnel must wear an N95 respirator. EVS personnel must not remove the PPE until
                  they leave that room. Additionally, the doors to the anteroom (if present) and to
                  the patient room must be kept
                  closed during cleaning.

               
               

            
            

         
         
         
         
            
            
            Disaster Recovery

            
            
            
            
               
               
               
               Infection preventionists work
                  with EVS and emergency management to plan for and react to a disaster. Whether
                  or not the disaster is the result of nature, emerging infections, or human-made
                  events, the IP will play a role in the evaluation of the facility and subsequent
                  remediation efforts. Specific considerations and cautions for each department of
                  the facility (e.g., HVAC, water, waste) are required during the response and
                  recovery phases to ensure the control of contaminants and prevent the spread of
                  infection. Specific disaster recovery actions are included in our discussions of
                  facility department management.

               
               

            
            

         
         
         
         
            
            
            Regulatory Requirements and Guidelines

            
            
            
            
               
               
               
               Requirements for
                  maintaining the environment in healthcare facilities may vary based on
                  regulations adopted by governing bodies. While not every regulation will be
                  based on the most current release of guidelines, employers should ensure that
                  the worksite is maintained in a clean and sanitary condition. The employer
                  determines and implements appropriate written schedules for cleaning and methods
                  of decontamination based upon the location within the facility and services
                  provided (patient care, food preparation, offices, mechanical rooms), types of
                  surfaces to be cleaned (metal, impervious, cloth), and degree and type of
                  soilage (i.e., blood and body fluids or dirt and dust). Healthcare facilities
                  should follow regulations addressing chemical, physical, and biological safety
                  as well as ergonomics.

               
               
               
               Environmental cleaning guidelines are
                  provided by nonregulatory agencies such as the CDC, APIC, the Association for
                  the Health Care Environment (AHE), and the Association of periOperative
                  Registered Nurses (AORN). Relevant CDC publications include “Guidelines for
                  Environmental Infection Control in Healthcare Facilities” and “Guideline for
                  Disinfection and Sterilization in Healthcare Facilities, 2008.” AHE has issued
                  Practice Guidance for Healthcare Environmental
                     Cleaning, and AORN addresses cleaning recommendations for operating
                  rooms in Perioperative Standards and Recommended
                     Practices.

               
               
               
               Regulatory surveyors and inspectors often regard the above referenced
                  guidelines as standards to be followed because these recommendations are based
                  on existing scientific data, theoretical rationale, applicability, and
                  economics.

               
               

            
            

         
         
   
      
         
         
         
         Collaboration Considerations for Other
            Processes

         
         
         
         
            
            
            
            The IP has a highly
                  collaborative role in a facility, as is evidenced by discussions in areas
                  throughout this learning system. Two areas in which IPs must collaborate
               that have not been discussed at length elsewhere are food services and
               pharmacy services. As is the case with many other areas, it is not typically
               necessary that the IP be knowledgeable about specific details of the roles and
               functions these services play. However, the IP must ensure that these services are
               executed following good infection prevention practices and work with the leadership
               of these departments to ensure that the individuals providing these services are
               educated and equipped with the necessary supplies to fulfill their roles safely.

            
            
            
            Collaboration with these other areas may manifest itself in two additional ways
                  that are noteworthy: product recalls and construction and renovation projects.
                  With regard to construction, which is discussed in more
                  detail later, the IP must partner with these specialized service providers
               to ensure that the facility provides the necessary storage, processing,
               product/service, and waste capabilities both during and after the renovation and
               construction processes. With regard to recalls, the IP must be
                  aware of recalls that have been initiated and be prepared to react to recalls
                  that may take place with many product types, including equipment, food,
                  medication, and supplies.

            
            
            
            
               Key Point

               
                  
                  
                  Though they are generally not responsible for initiating
                     recalls and may not be directly or solely responsible for executing them, IPs
                     must be aware of their defined role in the recall process within their facility.
                     Examples of responsibilities they may have in this arena include:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Collaborating with other departments and/or contracted
                           staff, such as food service staff, to execute the recall.

                        
                        

                     
                     
                     	
                        
                        
                        Communicating the recalls to all employees who may use
                           the recalled items to ensure that they are aware of them.

                        
                        

                     
                     
                     	
                        
                        
                        Ordering or securing alternate resources to replace
                           the recalled items.

                        
                        

                     
                     
                     	
                        
                        
                        Validating that all recall items have been
                           removed.

                        
                        

                     
                     
                     	
                        
                        
                        Maintaining a high level of awareness for possible
                           disease outbreaks or pathogens associated with the recall.

                        
                        

                     

                  
                  

            
            
            
            With all of that in mind, we
               will next examine some specific and important points that IPs should be aware of
               with regard to food services and pharmacy services.

            
            

         
         
         
         
         
            
            
            Collaboration with Food Services

            
            
            
            
               
               
               
               IPs work closely with food services to ensure that they are
                  monitoring safe storage and food preparation temperatures, they have processes set
                  up for food inspection on delivery, storage is done safely, and product rotation and
                  removal of outdated product are taking place. The IP should make sure that
                  regulations and guidelines of accrediting agencies are followed.

               
               

            
            
            
            
               
               
               Food Storage

               
               
               
               
                  
                  
                  
                  Improper storage or poor environmental
                     sanitation may introduce contamination or allow bacteria in food to
                     increase. To meet food safety requirements, proper food storage
                     follows a systematic method called FIFO (first in, first out).

                  
                  
                  
                  Food should be protected from cross-contamination
                     during storage, preparation, holding, and display by separating raw,
                     unfrozen animal foods from raw, unfrozen RTE (ready-to-eat) food,
                     including fruits and vegetables, as well as all cooked RTE foods. To prevent cross-contamination,
                     no
                     raw foods are to be stored above cooked or RTE foods.

                  
                  
                  
                  Key principles that may be useful with regard to food
                     storage are summarized below, separated by area of effect.

                  
                  
                  
                  Food storage locations:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Store food only in designated
                           areas.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Label and
                              secure toxic cleaning materials away from
                           food and paper goods.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Implement schedules for cleaning and
                           monitoring for cleanliness, temperature, product
                           expiration dates, ventilation, and pest infestation.
                           Rotate stock using FIFO procedure. Discard
                           out-of-date foods.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Keep food storage areas and all
                           vehicles used to transport food clean. Food storage
                           areas must have variable lighting, ventilation, and
                           air circulation.

                        
                        

                     
                     

                  
                  
                  
                  Racking in food storage areas:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Store food at least six inches above
                           the floor on clean racks with slatted shelves or on
                           racks that prevent cross-contamination and have
                           proper air circulation. Never cover the slats with
                           foil or other materials.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Use shelving that either allows for
                           cleaning under the bottom shelf or is flush with the
                           floor and away from walls to facilitate cleaning and
                           to reduce the number of places pests may find
                           refuge.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Place storage shelves at least two
                           inches from outside walls that may sweat due to
                           differences between inside and outside
                           temperatures.

                        
                        

                     
                     

                  
                  
                  
                  Food storage containers and packaging:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Store in clean wrappers or covered
                           containers. Label contents, date received, and lot
                           number (if present on the original container).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Remove and discard all corrugated
                           cardboard packages as soon as possible.

                        
                        

                     
                     

                  
                  
                  
                  Storage temperatures:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Store food at the proper temperature.
                           Acceptable temperature ranges include the
                           following:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Dry storage: 10 to 21°C (50
                                 to 70°F)

                              
                              

                           
                           
                           	
                              
                              
                              Fruit and vegetables (except
                                 those in dry storage): 4 to 7°C (39 to 45°F)

                              
                              

                           
                           
                           	
                              
                              
                              Dairy products, meats,
                                 poultry, fish, and shellfish: 0 to 4°C (32 to
                                 39°F)

                              
                              

                           
                           
                           	
                              
                              
                              Eggs (stored in their
                                 original container in the refrigerator): 7°C
                                 (45°F) or below (Some recommendations indicate
                                 that eggs should be stored at 4°C [40°F] or below
                                 for best quality and safety.)

                              
                              

                           
                           
                           	
                              
                              
                              Frozen foods: –23 to 10°C
                                 (–10 to 0°F)

                              
                              

                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        Keep temperature logs, using
                           appropriate thermometers, for all storage areas. If
                           a problem occurs, correct it and record the methods
                           used to correct it; date, sign, and file.

                        
                        

                     
                     

                  
                  
                  
                  
                     Key Point

                     
                        
                        
                        Though the above best practices (as well as
                           those that describe safe food preparation and service) are
                           designed to control contamination of food in a facility, IPs
                           must be aware of potential contamination originating from
                           earlier stages of the supply chain, which may result in
                           recalls of products that have been received but not used and
                           are otherwise within proper storage and usage dates.

                        
                        

                  
                  

               
               

            
            

         
         
         
         
            
            
            Collaboration with Pharmacy Services

            
            
            
            
               
               
               
               There is an
                  important intersection of pharmacy services and infection prevention.
                  The IP should be immediately consulted when a suspected or confirmed
                  contamination event has been identified. Coordination with health
                  authorities is essential, and it should involve collaboration with
                  the IP and the pharmacist as well as active engagement of the healthcare
                  facility administration to maximize patient safety.

               
               

            
            
            
            
               
               
               Expiration Dates and Pharmaceutical
                  Storage

               
               
               
               
                  
                  
                  
                  IPs may work
                     with pharmacy personnel to coordinate recalls of pharmaceutical
                     preparations, such as those due to intrinsic contamination or other
                     quality deficiencies (e.g., unacceptable particulate matter or potency).

                  
                  
                  
                  Expiration dates listed on drug dosage
                     forms are established by the manufacturer and appear in the product
                     labeling. When a dosage form is manipulated, including puncturing
                     a multiple-dose vial (MDV) or moving an item from the storage conditions
                     listed in the product labeling to a different temperature, a beyond-use
                     date must be applied if the dosage form will be saved for future
                     use. Setting time limits after first opening SDVs (single-dose vials)
                     and MDVs can help ensure microbial sterility and chemical stability.

                  
                  
                  
                  Note the following
                     points:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Manufacturers’ expiration dates apply to
                           the stability and sterility of unopened vials.

                        
                        

                     
                     
                     
                     	
                        
                        
                        The CDC recommends
                           refrigerating MDVs after opening if recommended by the manufacturer.
                           The MDV should be discarded when empty, when suspected or visible contamination
                           occurs, or when the manufacturer’s stated expiration date is reached.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Guidelines state
                           that after an MDV is first open, it must be discarded within 28
                           days unless otherwise specified by the manufacturer. Manufacturers’
                           directions regarding disposal processes must also be followed.

                        
                        

                     
                     
                     
                     	
                        
                        
                        The temperature of refrigerators
                           used to store pharmaceuticals should be checked daily (twice daily
                           if used to store vaccines) and the temperature recorded electronically
                           or in a log that is dated and signed by the person performing the
                           temperature check. Temperatures that are higher or lower than recommended
                           should be immediately addressed and adjusted as defined in the organization’s
                           policy. In pharmacies and other areas (such as materials management)
                           where medications are stored in bulk, temperatures should be monitored continuously,
                           with alarms set to indicate excessively high or low temperatures.

                        
                        

                     
                     

                  
                  
                  
                  The pharmacy should monitor for appropriate
                     storage of pharmaceuticals throughout the institution. Routine inspections
                     should be performed to ensure that expired medications are removed
                     from patient care areas and disposed of properly. IPs should ensure
                     that appropriate prevention measures are in place and followed.

                  
                  

               
               

            
            
            
            
               
               
               Vaccine Storage

               
               
               
               
                  
                  
                  
                  Vaccines must be stored correctly in order to maintain their
                     effectiveness and optimal immunity response. Not all vaccinations have the same
                     storage and handling requirements. For example, some can be refrigerated while
                     others require freezing. Different variations of vaccinations for the same disease
                     may require different storage conditions, too. (Different COVID-19 vaccinations have
                     required different storage temperatures.) Some vaccines—for example, certain
                     influenza vaccines—should be protected from excess exposure to light.

                  
                  
                  
                  Healthcare personnel handling vaccines should
                     therefore always check the manufacturer’s instructions before storing vaccines to
                     ensure that they are stored correctly. Relevant storage information should be
                     printed on the label of each vaccination vial or container.

                  
                  
                  
                  Proper vaccine storage begins
                     with an effective cold chain, a temperature-controlled supply chain that
                     includes all vaccine-related equipment and procedures. There are five stages to this
                     chain:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Vaccine manufacturing

                        
                        

                     
                     
                     
                     	
                        
                        
                        Vaccine distribution

                        
                        

                     
                     
                     
                     	
                        
                        
                        Vaccine delivery to provider

                        
                        

                     
                     
                     
                     	
                        
                        
                        Vaccine storage at provider

                        
                        

                     
                     
                     
                     	
                        
                        
                        Vaccine administration

                        
                        

                     
                     

                  
                  
                  
                  In the first two stages,
                     maintaining the cold chain is the responsibility of the manufacturer and the
                     distributor (i.e., the manufacturer has to create the vaccines at the correct
                     temperatures and ensure that they are packaged in containers that can maintain the
                     temperature when stored and moved). Once vaccines have been received by the
                     provider, then the proper storage and handling become the responsibility of the
                     provider.

                  
                  
                  
                  The CDC recommends that
                     vaccines be stored in dedicated, purpose-built or pharmaceutical-grade units
                     designed to refrigerate or freeze biologics. (A “Vaccine Storage and Handling
                     Toolkit” is available on their website.) These units are available in a variety of
                     sizes to suit each facility’s needs, but a facility should install units that can
                     accommodate the largest expected inventory, for example, to ensure that a long-term
                     care facility can store enough influenza vaccine for all residents and staff during
                     the annual flu season. Vaccines should be stored separately from other medications,
                     and they should never be stored in the same refrigerator as food and/or beverages.
                     It is also important that vaccines not be stored in a combined refrigerator/freezer
                     unit under any circumstances. Limiting the number of times vaccine storage is
                     accessed reduces the risk of accidental spills and contamination. The CDC recommends
                     that HCP monitor vaccine storage temperatures at least twice daily.

                  
                  
                  
                  
                  According to the CDC’s The Epidemiology and Prevention of
                        Vaccine-Preventable Diseases, facilities should establish standard operating
                     procedures for handling and storing vaccines. These SOPs should include the
                     following:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        General information. Vaccine manufacturer
                           contact information, equipment service providers, key stakeholder
                           information (including contact details), regularly used forms (e.g.,
                           temperature logs, temperature excursion logs, vaccine information
                           statements), staff training requirements.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Routine storage and handling. All vaccine
                           inventory management processes: ordering, receiving, unpacking, storage,
                           handling, disposal, and monitoring.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Emergency policies and procedures. Steps
                           to be taken in the event of equipment malfunctions, power failures, natural
                           disasters, or other emergencies that might compromise vaccine storage
                           conditions.

                        
                        

                     
                     

                  
                  
                  
                  Developing these SOPs is an
                     important step in the infection prevention and control program, and the IP should
                     be
                     involved in the process. They should also incorporate vaccine storage and handling
                     into relevant training and evaluation programs:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Training. New employee orientation,
                           annual refresher course for HCP involved in administering vaccines, when new
                           vaccines are added to the LTC facility’s inventory, and when vaccine
                           recommendations are updated.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Evaluation. At least once annually, in
                           addition to when new vaccines are added to the facility’s inventory, and
                           also when vaccine recommendations are updated.

                        
                        

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Section E: Ventilation and Water Management

         
         
         
         
            
            
            
               After
                  completing this section, learners will be able to:
               

            
            
            
            
               
               
               	
                  
                  
                  Recognize and collaborate on ventilation
                     and water management processes for a safe care environment.

                  
                  

               
               

            
            
            
            This section first addresses concepts related to ventilation
               management, recommendations and regulations, and the impact of ventilation on a
               healthcare facilities environment. We then examine concepts related to water
               management, environmental sources of water-associated pathogens, and remediation
               strategies in the event of disruption, leaks, or floods.

            
            

         
         
         
         
   
      
         
         
         
         Ventilation
            Management

         
         
         
         
            
            
            
            Due to its
               far-reaching impacts, ventilation management is an essential component of infection
               control efforts. Therefore, a basic understanding of the key terms, concepts, and
               effects of ventilation on the health of patients and HCP is required.

            
            
            
            
               Key Point

               
                  
                  
                  The most important concept to remember with
                     regard to ventilation is that, no matter the healthcare setting, the impact of
                     ventilation on infection spread and infection control efforts is
                     wide-reaching.

                  
                  

            
            
            
            
            A heating, ventilation, and air conditioning (HVAC) system is composed of
               everything included in the overall air-handling system for any facility. These
               systems supply, filter, condition (heat, cool, humidify, or dehumidify), and exhaust
               air using a wide range of designs and equipment, depending on the facility’s
               environment, characteristics, and needs.

            
            
            
            When considering HVAC systems, the first
               important distinction to be made is whether the system is centralized or
               decentralized.

            
            
            
            
               
               
               	
                  
                  
                  A
                     centralized HVAC system uses an air-handling unit, usually on the roof or in
                     a mechanical room, to move air throughout the facility using ducts.

                  
                  

               
               
               
               	
                  
                  
                  A
                     decentralized HVAC system typically uses individual fan-coil units to bring
                     air in from outside of the facility and mix it with recirculated air inside
                     the room.

                  
                  

               
               

            
            
            
            No matter which type of system is used, there
               are IPC implications with regard to both indoor air quality and issues related to
               ventilation problems.

            
            
            
            
               Key Point

               
                  
                  
                  Though HVAC systems
                     are infrequently a source of exposures or infections caused
                     by airborne infectious agents, there may be dire effects
                     throughout the facility when HVAC-driven exposures or
                     infections do happen. Microbes, such as Aspergillus and M.
                        tuberculosis, may be spread via HVAC systems,
                     thereby posing risk to individuals in the
                     facility.

                  
                  

            
            

         
         
         
         
         
            
            
            Air Source

            
            
            
            
               
               
               
               Some HVAC systems are designed to supply 100% outdoor
                  (fresh) air, whereas others mix a percentage of the exhaust air (subject to code
                  allowances) with supply air from the outdoors to save on operational costs. Diluting
                  microbial contamination and other gases and controlling odors are the biggest
                  reasons for using 100% outdoor air.

               
               
               
               Due to the wide variation
                  in climates, guidelines for facilities specify design requirements (but not
                  operational ones) for air exchanges, temperature, and humidity. This leaves the
                  decision on how often and by what means these should be monitored to individual
                  facilities.

               
               

            
            

         
         
         
         
         
            
            
            Air Changes

            
            
            
            
               
               
               
               Most
                  ventilation rates for healthcare facilities are stated as air changes per hour (ACH). ACH refers to the number of times air is
                  replaced in each room every hour, mixing in outside air to dilute microbial
                  contamination.

               
               
               
               Ventilation guidelines are defined in
                  terms of air volume per minute per occupant. They assume that the people in the
                  room and their activities are responsible for most of the contaminants in the
                  space. Supply vents are where conditioned air blows into the room, usually from
                  the ceiling; return vents (or exhaust), usually near the floor, pull the room
                  air in.

               
               
               
               Ventilation rates vary with different patient
                  care areas of a healthcare facility per CDC guidelines. The total number in
                  patient rooms should be 6 ACH. Operating rooms require a minimum 3 ACH and a
                  total of 15 ACH, while an airborne infection isolation room (AIIR), such as for
                  bronchoscopy, requires a minimum 2 ACH and a total of 12 ACH. Peak efficiency
                  for particle removal in an AIIR occurs between 12 and 15 ACH.

               
               

            
            

         
         
         
         
            
            
            Air Pressurization and Balancing

            
            
            
            
               
               
               
               Air pressure balancing describes the pressure
                  relationships with respect to the surrounding area or corridor. These
                  relationships can be positive (excess air supply in the room), negative (air
                  drawn into the room), or neutral. Differential pressure between two rooms
                  prevents pathogens from entering or exiting one room and going into the other.
                  

               
               
               
               Positive air pressure is used to keep microbial
                  contaminants and pathogens out of rooms and for immunosuppressed patients such
                  as those undergoing bone marrow transplantation. Positively pressurized rooms
                  are created by pumping more air into a room than exhausting, and are usually the
                  cleanest environments in a hospital. Certain rooms, such as ORs and protective
                  environment rooms, have mandated pressure differentials of at least 0.01-inch
                  water gauge or 2.5 Pascals. Loss of positive pressure compromises the aseptic
                  environment within the room.

               
               
               
               Negative air pressure is used as an isolation measure to keep microbes
                  from escaping from rooms and
                  for patients with infectious
                  airborne diseases, such as TB, measles, and varicella. Rooms such as AIIR are
                  negatively pressurized with respect to adjacent areas to prevent airborne
                  contaminants (e.g., microbial pathogens, chemicals) from drifting to other areas.
                  Autopsy rooms, soiled linen rooms, decontamination rooms, emergency department
                  waiting rooms, and bathrooms are all negative to adjacent areas. Loss of negative
                  pressure in these rooms allows unpleasant odors to migrate through the building and
                  may promote the spread of airborne contaminants.

               
               
               
               Neutral air pressure
                  simply refers to situations where the air pressure is the same between two
                  adjacent rooms.

               
               

            
            

         
         
         
         
            
            
            Air Filtration

            
            
            
            
               
               
               
               HVAC
                  systems use prefilters to remove gross particulate matter (minimum efficiency 30%).
                  Filters that are 85% to 90% efficient are placed downstream of the fans, after the
                  prefilters. This combination typically provides an overall filtration efficiency of
                  roughly 95%. High-efficiency particulate
                     air (HEPA) filtration is defined as filtration with an efficiency of
                  99.97% in removing particles 0.3 micron or more in size. Most airborne infectious
                  microorganisms fall into a range of 0.3 to 5.0 microns.

               
               
               
               The American Society of Heating,
                  Refrigerating, and Air-Conditioning Engineers (ASHRAE) has introduced a system
                  for rating filters based on the size of particle or contaminant to be filtered.
                  This measure of minimum efficiency reporting values (MERV) uses a scale of 1
                  through 16. The MERV system rates filter effectiveness using the percentage of
                  efficiency for three ranges of particulate sizes: .30 to 1.0 microns, 1.0 to 3.0
                  microns, and 3.0 to 10.0 microns. Filters have higher efficiencies when
                  filtering out larger particles. Below are examples of MERV ratings and their
                  accompanying efficiency for particles 1.0 to 3.0 microns in size:

               
               
               
               
                  
                  
                  	
                     
                     
                     MERV 8—20%

                     
                     

                  
                  
                  
                  	
                     
                     
                     MERV 13—85%

                     
                     

                  
                  
                  
                  	
                     
                     
                     MERV 15—90%

                     
                     

                  
                  
                  
                  	
                     
                     
                     MERV 16—95%

                     
                     

                  
                  

               
               
               
               Overall effectiveness depends on
                  multiple factors, including filter efficiency, airflow rate, size of particles,
                  and HVAC system design.

               
               

            
            

         
         
         
         
            
            
            Ventilation Requirements for Specific
               Rooms

            
            
            
            
               
               
               
               Facility ventilation requirements to control and minimize
                  contaminants will vary depending on the type of room. For example, air pressure
                  follows clean-to-dirty protocols: negative to an infectious patient, positive away
                  from an immunocompromised patient. Additionally, when required, minimized
                  infiltration for ventilation control is achieved by sealing windows, closed doors,
                  and surface joints. Positive pressure and HEPA filters may be preferred in some
                  rooms in intensive care units (ICUs) caring for large numbers of immunocompromised
                  patients.

               
               
               
               The type of room and its ventilation
                  specifications must be considered when planning HVAC systems for a facility.
                  Recommended temperature will vary from room to room, anywhere between 68°F and 75°F,
                  and relative humidity should be between 30% and 60%. 
                  Exhibit 5-8 shows which rooms require specific pressure,
                  room air changes, sealing, filtration supply, recirculation, and temperature.

               
               
               
               
                  Exhibit 5-8: Ventilation Specifications
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	 
                                 
                                 
                                 	
                                    
                                    
                                    Air Pressure

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Minimum Total Air Changes per Hour

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Sealed

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Filtration Supply

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Recirculated by Means of Room Units

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Temp.

                                    
                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    All rooms (including
                                          bronchoscopy suites)

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Negative

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    ≥2 ACH for existing rooms; ≥12 ACH for
                                       renovation or new construction

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Yes

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    90% (dust-spot ASHRAE 52.1 1992)

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    No (Recirculated air may be used if the
                                       exhaust air is first processed through a HEPA filter.)

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    68–73°F

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Protective environment
                                          (PE) room

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Positive

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    ≥12 ACH

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Yes

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    99.97% (Fungal spore filter at point of
                                       use; HEPA at 99.97% of 0.3 μm particles)

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    No

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    75°F

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Critical care room

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Positive, negative, or neutral

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    ≥6 ACH

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    No

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    >90%

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    No

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    70–75°F

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Isolation anteroom

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Positive or negative

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    ≥10 ACH

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Yes

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    >90%

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    No

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    —

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Operating room

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Positive

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    ≥15 ACH

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Yes

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    90%

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    No

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    68–73°F

                                    
                                    
                                 

                              
                           

                        

                     
                     

                  
               
               

            
            

         
         
         
         
            
            
            Air Ventilation Implications for Infection
               Prevention and Control

            
            
            
            
               
               
               
               
               Each of the above concepts has implications
                  specific to IPC. Some are driven by regulatory and accrediting agencies, which base
                  licensing and certification decisions on whether facilities meet minimum
                  construction standards. The Facility Guidelines Institute (FGI) updates its
                  guidelines for the design and construction of healthcare facilities every three to
                  four years. The Joint Commission (TJC) expects organizations to assess building
                  design and construction requirements based on local, state, and federal regulations
                  and codes. Typically, the state health department licensing entity is the authority
                  having jurisdiction (AHJ), so healthcare organizations should check the AHJ’s
                  licensing rules to determine the criteria for a facility. When state regulations are
                  silent on particular design criteria, TJC recognizes the 2018 FGI guidelines for new
                  construction and renovation.

               
               
               
               
                  Key Point

                  
                     
                     
                     Most jurisdictions adopt the FGI guidelines
                        in their entirety, or with some minor modifications, as minimum standards for
                        design and construction of healthcare facilities. The FGI guidelines rely
                        heavily on input from many professional and guideline-setting organizations,
                        such TJC.

                     
                     
                     
                     As with other regulatory implications, it
                        is important that the IP stays up-to-date on current requirements that relate to
                        their specific facility.

                     
                     

               
               

            
            
            
            
               
               
               Air Sampling

               
               
               
               
                  
                  
                  
                  Microbiologic air
                     sampling is used to determine the numbers and types of microorganisms
                     or particulates in indoor air. IPs should be part of a multidisciplinary
                     team that determines the facility’s need, capacity, and expertise
                     to conduct microbial air sampling. In some cases, the services of
                     an environmental microbiology consultant could be necessary.

                  
                  
                  
                  The lack of uniform
                     air quality standards makes it difficult to use air sampling for
                     quality control. At any point in time, samples may be affected by
                     a variety of factors, including indoor traffic, temperature, humidity,
                     and the air-handling system’s performance. Air sampling results must
                     be compared with those obtained from other defined areas, conditions,
                     or time periods.

                  
                  
                  
                  Air
                     samplers are designed to meet differing measurement requirements,
                     and no one type of sampler and assay procedure can be used to collect
                     and enumerate 100% of airborne organisms. The sampler and/or sampling
                     method chosen should have an adequate sampling rate to collect a sufficient
                     number of particles in a reasonable time period for a quality representative
                     sample.

                  
                  

               
               

            
            
            
            
               
               
               Aspergillus and Fungi

               
               
               
               
                  
                  
                  
                  Aspergillus spp.
                     are molds occurring in decaying organic matter and may be spread
                     via air and water. Multiple outbreaks have been reported in conjunction
                     with intrahospital or surrounding construction. Environmental sources
                     of Aspergillus outbreaks
                     in hospitals have been associated with open windows, contamination
                     of particle board frames surrounding air filters, backflow of contaminated
                     air from exhaust ducts (with contamination of filters), and gaps
                     in filters and support frames.

                  
                  
                  
                  Prevention of aspergillosis exposures in healthcare settings
                     includes management of the air delivered to patients with bone marrow transplants (BMT). BMT patients
                        should be placed in rooms with at least 12 air exchanges per hour, with
                     HEPA filtration, ideally with positive pressure when compared to the corridor, and
                     well-sealed windows. Carpeting and dust-generating activities should be avoided in
                     BMT areas. Water leaks should be promptly repaired to avoid mold growth.

                  
                  
                  
                  Hand hygiene, avoidance of crowded areas
                     of the hospital, proper cleaning, and disinfection of equipment
                     are also important. Flowers and potted plants should not be allowed
                     in areas where immunosuppressed patients are admitted, as they may
                     harbor Aspergillus spp.
                     and other fungi.

                  
                  
                  

               
               

            
            
            
            
               
               
               Contingency Plans

               
               
               
               
                  
                  
                  
                  The infection preventionist should work
                     with other departments in the healthcare facility to develop a risk
                     aversion–based contingency plan for the expected or unexpected interruption
                     of air filtration systems. These plans should consider the following:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Redundant or backup
                           portable filters for protective environment (PE) rooms, especially
                           if major fans are not on emergency power backup

                        
                        

                     
                     
                     
                     	
                        
                        
                        Education of IPs
                           and staff about appropriate type and location of portable HEPA units
                           as well as how to block or filter air supply and/or return outlets

                        
                        

                     
                     
                     
                     	
                        
                        
                        Safety procedures
                           in the unit to include practices such as keeping doors closed whenever possible
                           until ventilation is reestablished

                        
                        

                     
                     
                     
                     	
                        
                        
                        Emergency ventilation
                           service provided by backup power generators to maintain ventilation system
                           in high-risk areas (e.g., operating rooms, intensive care units,
                           negative- and positive-pressure rooms, transplantation units, and
                           oncology units)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Alternative generators
                           that engage within 10 seconds of a loss of main power

                        
                        

                     
                     

                  
                  
                  
                  If the ventilation system is out of service, sufficient
                     time must be allowed to clean the air and re-establish the appropriate number of
                     ACH once the HVAC system begins to function again. Air filters may also need to
                     be changed because reactivation of the system can disperse substantial amounts
                     of dust and fungal spores. Verification testing should be conducted.

                  
                  

               
               

            
            
            
            
               
               
               Environmental
                  Monitoring

               
               
               
               
                  
                  
                  
                  Detection and identification
                     of certain HAIs (e.g., healthcare-associated TB, single cases of aspergillosis
                     in severely immunosuppressed patients, healthcare-associated varicella
                     infections) may suggest HVAC malfunction. Analysis of postoperative
                     surgical site infection rates and associated infectious agents may
                     offer important clues to problems in the air system. Environmental
                     monitoring may occur in the following ways:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        
                           
                              Visual monitoring.
                              
                           The visual
                              monitoring of processes established for construction, renovation, or
                              maintenance procedures is an important method for reducing the potential
                              for infection from airborne contamination.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           
                              Specifications and commissioning.
                              
                           Contracts
                              should certify to an owner’s satisfaction that all HVAC specifications
                              have been met; they should include outcome criteria that use specific
                              measures.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           
                              Environmental air sampling and
                                 culturing.
                              
                           Sampling
                              protocols and procedures in actual disease outbreaks are well
                              substantiated.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           
                              Routine microbiological surveillance.
                              
                           Use of
                              routine microbiological sampling and culturing has not been recommended
                              except as a part of an epidemiological investigation. There is no clear
                              answer for initiating environmental surveillance in the absence of an
                              actual or pending problem.
                           

                        
                        

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Water Management

         
         
         
         
            
            
            
            The impact of water-related contamination on health in any
               setting is far-reaching, and consideration of water issues is an essential component
               of all infection control efforts. However, since water is delivered by a community
               public water supplier, the responsibility for water management is shared by the
               healthcare facility and an outside entity. Once water enters the facility’s
               distribution infrastructure, it is the responsibility of the facility; however, both
               entities must play a role in infection prevention.

            
            
            
            There are a handful of basic terms that may be
               encountered in healthcare settings:

            
            
            
            
               
               
               	
                  
                  
                  Black
                        water is waste water containing sewage contaminants.

                  
                  

               
               
               
               	
                  
                  
                  Deionized water is purified water that has had charged ions
                     removed; it is used for various applications within healthcare, including
                     the laboratory.

                  
                  

               
               
               
               	
                  
                  
                  Gray
                        water is water (as from a sink or bath) that does not contain
                     serious contaminants (as from toilets or diapers).

                  
                  

               
               
               
               	
                  
                  
                  Potable water is water suitable for drinking.

                  
                  

               
               
               
               	
                  
                  
                  Reverse osmosis water is water that has
                     been forced through a special membrane, under pressure, producing highly
                     purified water, which typically requires remineralizing with essential trace
                     elements before use. It is used for various applications in healthcare,
                     including dialysis.

                  
                  

               
               

            
            
            
            Water-related outbreaks have been documented as
               arising from a variety of sources, including:

            
            
            
            
               
               
               	
                  
                  
                  Splashes from sink drains containing
                     contaminated biofilms.

                  
                  

               
               
               
               	
                  
                  
                  Aerosols from shower heads.

                  
                  

               
               
               
               	
                  
                  
                  Contaminated potable (tap) water used
                     with patient care equipment or directly with patients.

                  
                  

               
               

            
            
            
            The quality of drinking water depends in part
               on preventive maintenance and surveillance for HAIs, including a high index of
               suspicion for infectious agents associated with moisture or water distribution
               systems. It also depends on the quality of the water supplied (and the treatment
               methods used) by the municipality.

            
            
            
            
               Key Point

               
                  
                  
                  Though a major
                     component of water quality is outside of facility control,
                     IPs should still understand the basic design of water supply
                     and waste management systems so that they can provide useful
                     input on plumbing system designs and understand potential
                     factors that may contribute to suspected waterborne
                     infections.

                  
                  

            
            
            
            Factors outside of the facility control that
               may influence the number of HAIs related to a facility’s water supply include:

            
            
            
            
               
               
               	
                  
                  
                  Municipal water treatment
                        methods. Use of chloramines, rather than chlorine, to reduce the
                     risk of Legionella in the
                     distribution systems of municipal water supplies. (Multiple reports support
                     the reduced risk of hospital-associated Legionnaire’s disease when municipal
                     water treatment plants use monochloramine.)

                  
                  

               
               
               
               	
                  
                  
                  Water hardness and
                        sediment. Malfunction of valves, filters, or other equipment due to
                     minerals and sediments remaining in the water after treatment
                     processes.

                  
                  

               
               
               
               	
                  
                  
                  Unplanned disruptions outside
                        of the facility. Heating or chlorination, flushing, and water
                     testing before resumption of affected water distribution lines due to water
                     main breaks or flooding. (CDC guidelines offer specific guidance on
                     remediation strategies for the water distribution system, including
                     conditions involving a boiled water advisory [BWA]).

                  
                  

               
               

            
            
            
            The quality of water in a healthcare facility’s distribution
               system can be determined by testing the water. While routine testing is not usually
               necessary, sampling during outbreak investigations can help determine needed
               infection control measures. Samples should be assayed by a laboratory that uses
               established methods and quality assurance protocols.

            
            

         
         
         
         
         
            
            
            Water Management Plans

            
            
            
            
               
               
               
               Recent guidance from The Joint Commission
                  and the CDC recommends that healthcare facilities develop a facility
                  water management plan to prevent water-associated diseases, including Legionella. Some facilities
                  with complex plumbing systems may include several water management
                  plans. A team or individual should oversee development, management,
                  and maintenance activities. Below are the components of a water
                  management plan:

               
               
               
               
                  
                  
                  	
                     
                     
                     Establish a water
                        management program team to implement the plan.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Describe the building’s
                        water systems, including a diagram of water supply sources, treatment
                        systems, processing steps, control measures, and end-use points.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Identify external
                        hazards (i.e., compromised supply) and describe plans for mitigating
                        or managing events.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Identify areas
                        where biofilms may be present and areas where opportunistic pathogens
                        may grow and spread.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Conduct an infection
                        control risk assessment (ICRA) and adapt for potential water exposures
                        both direct and indirect.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Identify control
                        point locations and determine how control measures will be applied
                        using both the environmental assessment and the ICRA, and decide
                        how to monitor control measures.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Set control limits
                        for measures that will be monitored (water temperature, residual disinfectant,
                        HPC (hetertrophic plate counts), and/or total organic carbon) and
                        take corrective action.

                     
                     

                  
                  

               
               
               
               Outbreak
                  and contingency response plans are a part of a water management
                  plan. Plans should be verified via validation, documentation, and
                  communication.

               
               
               

            
            
            
            
               
               
               Monitoring for Environmental Pathogens

               
               
               
               
                  
                  
                  
                  Water distribution systems have been the
                     source of Legionella outbreaks in
                     both acute and chronic care facilities. As such, much of the focus on monitoring and
                     controlling for water-associated pathogens is on Legionella.

                  
                  
                  
                  Other bacterial and fungal contamination risks
                     associated with water include Pseudomonas, Acinetobacter, Moraxella, Aeromonas, Xanthomonas, Aspergillus,
                        Fusarium spp., and atypical (nontuberculosis) mycobacteria. All of these
                     genera are associated with serious disease and can potentially be transmitted
                     directly or indirectly from faucets and sinks or through inhalation of aerosols,
                     such as those generated from construction activities or showerheads. However, based
                     on limited quantifiable data, the risk of healthcare-associated transmission of
                     these pathogens from water is considered relatively low.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Environmental Sources of Water-Associated
               Pathogens

            
            
            
            
               
               
               
               Important reservoirs for water-associated
                  pathogens include potable water
                     systems and cooling towers, flush
                     sinks, faucet aerators, hoppers and toilets, eyewash/drench shower stations, ice
                     chests/machines, water baths used to thaw or warm blood products and other
                     liquids, and whirlpool or spa-like baths.
                  

               
               
               
                Facilities providing hemodialysis
                  require more expensive, dedicated water treatment and delivery systems.

               
               
               
               Specific issues and pathogens associated with
                  these reservoirs, along with design and IPC strategies (as applicable) for them, are
                  discussed below.

               
               

            
            
            
            
               
               
               Potable Water Systems, Cooling Towers, Surfaces

               
               
               
               
                  
                  
                  
                  Sources of aerosolized
                     water, especially cooling towers, can promote the
                     growth and dispersion of Legionella. Once Legionella is introduced into a facility’s potable water system, organisms
                     may proliferate in heated water reservoirs, spread throughout the water distribution
                     system (i.e., pipes), and ultimately contaminate sink
                        faucets and showerheads.

                  
                  
                  
                  Excessive moisture around pipes and
                     insulation, condensation in drain pans, and flooding from broken pipes can lead
                     to extensive environmental fungal contamination. Other moisture-prone surfaces
                     that can cause problems include air-handling units and ventilation ducts.

                  
                  
                  
                  Static (stagnant) water systems can serve
                     as reservoirs of organisms in the healthcare environment by supporting bacterial
                     growth. When water is not moving in recirculation loops, it becomes stagnant, and
                     the residual chlorine or other water treatments can dissipate and lose antimicrobial
                     activity. This in turn leads to corrosion (scale and sediment) and development of
                     biofilm that further amplifies the growth of microorganisms, particularly Legionella. Stagnation may result
                     from poor design (dead legs or capped pipes left in place when an older system is
                     renovated) or from a power loss causing pump failure with resultant loss of water
                     flow. Water in such systems can cause direct or indirect spread of microorganisms
                     to
                     patients. Hospital potable water must have < 1 coliform colonies per 100
                        mL of water.

                  
                  
                  
                  
                     Key Point

                     
                        
                        
                        Note that
                           contamination of the potable water system can lead to
                           infections indirectly through equipment (even if the
                           equipment does not use or store water) if that equipment
                           is rinsed in tap water.

                        
                        
                        
                        For example,
                           medication nebulizers rinsed in tap water have been
                           suspected as the source of an outbreak of legionellosis
                           in a community hospital. There have also been numerous
                           outbreaks related to endoscopes and automated endoscope
                           reprocessors (AER) related to the ability of
                           Gram-negative bacteria to multiply to substantial
                           concentrations under the right conditions; these
                           bacteria then spread to equipment via rinsing with tap
                           water.

                        
                        

                  
                  
                  
                  General guidelines for the design of the
                     potable water supply system include:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Sufficient water supply pressure to
                           operate all fixtures and equipment during maximum demand. (Provision of
                           two separate water lines from a looped municipal water supply system to
                           a facility would minimize interruption of water service.)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Water-service mains, branch mains,
                           and other main waterlines with stop (isolation) valves for each fixture
                           to isolate a portion of the water system when repair is required.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Vacuum breakers on faucets and
                           approved backflow preventers (i.e., antisiphon devices) to protect
                           contamination in high-risk areas such as dialysis units.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Avoiding floor drains as much as
                           possible.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Not installing drainage piping in
                           ceilings or having it be exposed in sensitive areas. (If overhead piping
                           is unavoidable, the space below must be protected from leaks,
                           condensation, and dust particles.)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Avoiding or minimizing water supply
                           pipes with dead ends.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Maintaining appropriate hot water
                           temperatures to meet the demands of patient care.

                        
                        
                        
                        
                           
                           	
                              
                              
                              The overlap between water
                                 temperatures supporting the growth of Legionella (25 to 42.2°C [77
                                 to 108°F]) and the high end of comfortable temperatures for warm
                                 water (generally above 40.5°C [105°F] and below 48.8°C [120°F]),
                                 along with the interplay of local building codes and
                                 regulations, means that temperature specifications are important
                                 safety and cost-benefit decision points for facilities.

                              
                              

                           
                           
                           	
                              
                              
                              If using a
                                 higher-temperature water supply in the building, mixing pressure
                                 valves may be necessary to eliminate the risk of scalding.

                              
                              

                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        Cooling towers designed to direct
                           tower drift away from air intake systems or use of drift eliminators.
                           (EPA-approved biocides should be used regularly for operational cooling
                           towers.)

                        
                        

                     
                     

                  
                  
                  
                  Preventive maintenance for potable water
                     systems includes a number of issues (e.g., cleaning and disinfection of cooling
                     towers). Biocides should be applied at label dosages to control the growth of
                     bacteria, algae, and protozoa. Removal or prevention of sediment accumulation
                     may reduce other niches that can amplify microbial growth, and plumbing that
                     includes self-draining shower lines, anti-scald valves, and pipe insulation may
                     also reduce contamination risks.

                  
                  
                  
                  
                     Key Point

                     
                        
                        
                        The use of appropriate water temperatures
                           is among the most critical prevention methods available to the IP.

                        
                        
                        
                        ASHRAE recommends that cold water be stored
                           below 20°C (68°F) and hot water above 60°C (140°F), circulating with a minimum
                           return temperature of 51°C (124°F) or the highest allowable temperature
                           specified in state regulations and building codes.

                        
                        
                        
                        Note that there is a difference between
                           storage temperatures and the temperature provided at the tap, which, as discussed above, must be kept at a level that
                           prevents scalding.

                        
                        

                  
                  

               
               

            
            
            
            
               
               
               Decorative Water Fountains, Water Walls

               
               
               
               
                  
                  
                  
                  As organizations recognize the importance of care delivery
                     sites as therapeutic environments, they may consider installing open water
                     features, such as decorative water fountains or water walls. Mounting evidence
                     clearly shows that such features may aerosolize waterborne pathogens, thereby
                     presenting an infection risk. Again, many of the observed outbreaks associated
                     with these systems have taken the form of Legionella-associated infections. Not all of
                     the fountains associated with outbreaks have had obvious aerosol-generating
                     capability.

                  
                  
                  
                  Poor maintenance and underwater lighting
                     (which may contribute to ideal water temperatures for Legionella) have been identified as
                     contributing factors in some circumstances. However, other outbreaks have been
                     associated with the water filtration, ozone generation, and lack of routine
                     maintenance of these fountains. In these cases, poor fountain design, leading to
                     water stagnation, may have been to blame.

                  
                  
                  
                  As such, decorative water fountains or water walls should be systematically disinfected
                     and subject to routine preventive maintenance.

                  
                  

               
               

            
            
            
            
               
               
               Sinks, Flushing Rim Sinks, Hoppers, and Toilets

               
               
               
               
                  
                  
                  
                  Sinks and related fixtures may pose health risks because
                     contamination of sink drains and faucet aerators is expected. The following factors
                     and concerns related to these fixtures have been observed in healthcare
                     settings:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Enhanced growth of waterborne organisms
                           on sink faucet aerators.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Reservoirs of microorganisms in poorly
                           maintained sink traps.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Contaminated water splashes due to poor
                           sink design.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Aerosols from toilets, though not
                           directly linked to disease transmission.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Pathogenic organisms, such as P. aeruginosa and Acinetobacter in water
                           baths and related devices used to warm blood or blood products and other
                           liquids; identified outbreaks and case reports associated with these
                           reservoirs.

                        
                        

                     
                     

                  
                  
                  
                  Sink design that leads to water back-splashing
                     is one of the most concerning sources of infection associated with these fixtures.
                     Water may splash from a sink to a surrounding surface as far as one meter away.

                  
                  
                  
                  Policies for routine cleaning, disinfection,
                     and changing of the water should be in place for water baths and fluid-warming
                     devices. After cleaning, fill the bath or device with germicide-added water. Follow
                     manufacturer recommendations (e.g., perform leak tests); wrap blood products in
                     impermeable plastic to keep them dry and free of contamination.

                  
                  
                  
                  
                     Key Point

                     
                        
                        
                        Though
                           certain risks may not be entirely mitigated in all
                           cases, proper sink/fixture design together with
                           preventive maintenance can help reduce infection
                           concerns (or eliminate them completely, in some
                           cases). Systematic cleaning routines should be
                           established (e.g., for aerator use). Avoiding the
                           use of tap water for cleaning equipment and
                           procedures and replacing faulty fixtures may also
                           address observed issues.

                        
                        
                        
                        Where
                           applicable, follow and incorporate manufacturers’
                           recommendations and instructions into policies
                           surrounding maintenance, cleaning, and other related
                           preventive strategies.

                        
                        

                  
                  

               
               

            
            
            
            
            
               
               
               Eye-Washing Stations

               
               
               
               
                  
                  
                  
                  
                  Eye-washing/shower stations may go unused
                     for months and pose a possibility of contamination. Water-associated
                     microorganisms (e.g., Acanthamoeba) have been reported to contaminate these stations. Pseudomonas, Legionella spp., amoebae, and
                     fungi have also been detected in eye-wash stations. Cleaning and disinfection
                     methods should follow current recommendations, including American National
                     Standards Institute (ANSI) recommendations for flushing the system for a
                     three-minute period each week.

                  
                  

               
               

            
            
            
            
               
               
               Refrigerators and Freezers

               
               
               
               
                  
                  
                  
                  Refrigerators and freezers must be
                     properly used and maintained for infection control. Inadequate refrigeration of
                     foods may permit the growth of microbes, resulting in a greater likelihood of
                     foodborne illness. Inadequate refrigeration of medications, biologics, vaccines,
                     blood, and blood products may alter their potency and/or chemical composition or
                     allow proliferation of microbial contaminants. Additionally, conditions for mold
                     growth can be created in condensate pans in refrigerators and/or freezers used
                     to store food, pharmaceuticals, and blood products.

                  
                  
                  
                  When selecting/purchasing equipment for
                     cooling or freezing, compare features that best meet the intended use, including
                     operating range (e.g., an automatic defrost cycle can damage
                     temperature-sensitive items), size, location of use, cleanable surfaces,
                     durability, and maintenance needs.

                  
                  
                  
                  The following list
                     provides best practices regarding use and maintenance of refrigerators and
                     freezers:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Provide accurate temperature monitoring
                           for refrigerators and freezers; an alarm system may be required (e.g., for a
                           blood bank refrigerator) or desired.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Establish a method to regularly record
                           temperature (e.g., visualize and document daily or observe an automated
                           recording chart each shift); include action to take if the reading is not in
                           the acceptable range.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Schedule routine monitoring and testing
                           of refrigerator and freezer alarms where applicable.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Test accuracy of thermometers;
                           calibration may be required (e.g., blood bank, tissue freezer) by using
                           standard regulations and/or recommendations.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Schedule and perform regular preventive
                           maintenance of all freezers and refrigerators; include air vents, gaskets,
                           cooling coils, and fans.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Maintain adequate building
                           dehumidification to prevent condensation and mold proliferation in walk-in
                           refrigeration.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Provide training for personnel in
                           recognizing and implementing safe maintenance of refrigerators to include
                           appropriate cleaning methods.

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Ice Machines

               
               
               
               
                  
                  
                  
                  Contaminated ice and ice machines have been implicated
                     as sources of infection. While reports are not common, true and pseudo-outbreaks
                     from atypical mycobacteria contamination (e.g., M. gordonae) have been linked to ice machines
                     as have cryptosporidiosis and Legionella spp.

                  
                  
                  
                  Maintenance tasks for ice machines include
                     weekly or monthly tasks and other monthly or quarterly tasks. CDC guidelines
                     exist, but manufacturers’ instructions should be followed and disinfectants
                     approved as suitable for the equipment by the EPA or other regulatory agency
                     should be used as a general first step.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Weekly/monthly tasks

                        
                        
                        
                        
                           
                           	
                              
                              
                              Clean storage chests according to a set weekly
                                 to monthly schedule. Ice-making machines also require cleaning,
                                 though on a less frequent basis.

                              
                              

                           
                           
                           	
                              
                              
                              Disconnect and empty the unit, allow unit to
                                 warm to room temperature, and scrub all surfaces, including door
                                 tracks, guides, and gaskets, with clean materials and fresh soap
                                 or detergent solution.

                              
                              

                           
                           
                           	
                              
                              
                              Rinse all surfaces with fresh tap water, wipe
                                 dry with clean materials, rinse again with a 10- to 100-ppm
                                 chlorine solution (1 to 8 mL of sodium hypochlorite [household
                                 bleach] per gallon of water), and allow to dry.

                              
                              

                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        Monthly/quarterly tasks

                        
                        
                        
                        
                           
                           	
                              
                              
                              Disconnect ice-making machine on a regular
                                 schedule, discard all ice, and disassemble removable parts of
                                 the machine that come in contact with the water used to make
                                 ice. Thoroughly clean the machine and its parts with detergent
                                 and water.

                              
                              

                           
                           
                           	
                              
                              
                              Check for the need of possible repair of any
                                 portion of the machine, replacing feeder lines as needed. Ensure
                                 the presence of an air space in the tubing that leads from the
                                 potable water inlet into the water distribution system of the
                                 ice-making machine. Inspect for insect or rodent infestation
                                 under the unit and treat if necessary. Check the gasket around
                                 the door of the ice storage chest (open-compartment models) for
                                 cleanliness and evidence of possible leakage or dripping of
                                 contaminants into the chest. Clean the chest as described with
                                 detergent and water.

                              
                              

                           
                           
                           	
                              
                              
                              Circulate a 50- to 100-ppm chlorine solution
                                 throughout the entire storage and ice-making system according to
                                 the manufacturer’s recommended cleaning and sanitizing
                                 procedures. Let the 50-ppm chlorine solution remain in the
                                 ice-making and storage system of the machine for four hours (or
                                 at least two hours for a 100-ppm chlorine solution).

                              
                              

                           
                           
                           	
                              
                              
                              Remove the chlorine solution, flush the system
                                 with fresh tap water, allow the ice storage chest to dry, and
                                 then return the unit to service.

                              
                              

                           

                        
                        

                     
                     

                  
                  
                  
                  Interruption or outage of the potable water
                     supply increases the risk of line or ice-maker contamination once water is
                     restored. For an anticipated or unplanned outage, include a plan to shut off the
                     equipment (e.g., turn off the water supply) and ensure a safe return to service
                     once the supply is restored.

                  
                  

               
               

            
            
            
            
               
               
               Patient Care
                  Equipment

               
               
               
               
                  
                  
                  
                  Equipment that is rinsed in tap water can
                     be a source of infection. For example, medication nebulizers rinsed in tap water
                     were suspected as the source of an outbreak of legionellosis in a community
                     hospital. Constant vigilance of respiratory therapy equipment (e.g.,
                     humidifiers, nebulizers), bronchoscopes, and other patient care equipment
                     involving water and moisture is required. Gram-negative organisms can multiply
                     to substantial concentrations under the right conditions.

                  
                  
                  
                  Sterile water should be used for rinsing
                     semicritical equipment and devices used in the respiratory tract after they have
                     been chemically disinfected.

                  
                  

               
               

            
            
            
            
               
               
               Steam Supply Systems

               
               
               
               
                  
                  
                  
                  Steam supply systems should be monitored to
                     mitigate any contamination or spread of infection. Inadequate functioning of
                     steam sterilizers causes insufficient sterilization of medical instruments and
                     devices. Faulty humidification systems can result in spraying of condensate or
                     steam on filters, which compromises filtration efficacy. Leaking from steam
                     debris due to faulty pressure relief creates ideal conditions for mold growth.
                     Steam spraying on filters or other malfunctions can also result in mold
                     growth.

                  
                  
                  
                  The pressure of supplied steam should be
                     monitored. Any needed corrective action (e.g., valving correction) should follow
                     established remediation protocols. Labeled steam lines and training about
                     potential burn hazards ensure that staff works with steam safely.

                  
                  
                  
                  Steam outages should be reported to
                     affected departments (central services, sterile processing, OR, etc.).

                  
                  

               
               

            
            
            
            
               
               
               Whirlpool or Spa-Like Baths

               
               
               
               
                  
                  
                  
                  Microbial contamination of pools, whirlpools, hot tubs, and
                     physiotherapy tanks may involve the drains and agitators and result in
                     cross-contamination between patients if there is inadequate cleaning and
                     disinfection of the plumbing and drains. Among other pathogens, P. aeruginosa has been
                     associated with hot tubs and whirlpools.

                  
                  
                  
                  Plumbing for spa baths or spa-like tubs has
                     longer piping than that for typical whirlpools. Thus, contaminated water may
                     become trapped after apparent draining; it can then be flushed into the tub
                     during the next use. Drain designs that seal at the top of the openings can help
                     eliminate potential sources of infection. The cleaning and disinfection of the
                     tub and jets, using specific spa cleaning products, as well as following proper
                     draining and flushing sequences are essential things to consider in the use of
                     these tubs.

                  
                  
                  
                  If piped spa-style tubs are used, the tub
                     and jets should be cleaned and disinfected with specific spa-cleaning products,
                     and proper draining and flushing sequences should be used. Equipment may be
                     stainless steel, plexiglass, or tile, but it remains critical to consult with
                     manufacturers to identify appropriate cleaning products.

                  
                  

               
               

            
            
            
            
               
               
               Hemodialysis

               
               
               
               
                  
                  
                  
                  The purity of water used for hemodialysis, reuse,
                     or concentrate preparation is critical. Water used for dialysis should be
                     sampled monthly, and bacteria must be <200/mL. Dialysate should be also
                     cultured, and similar levels of bacteria must be maintained.

                  
                  
                  
                  Most hemodialysis centers have water treatment systems that
                     consist of a water softener; carbon and particulate filters; reverse osmosis
                     and/or deionizers; and filters and ultrafilters, with or without UV light.
                     Systems should be designed to remove the anticipated chemical and biological
                     impurities found in potable water where they are installed.

                  
                  
                  
                  The design of water distribution systems
                     for hemodialysis should follow these general principles:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Plastic piping to prevent
                           contamination of treated water with elements such as copper, lead, or
                           zinc from metal pipes

                        
                        

                     
                     
                     
                     	
                        
                        
                        Continuous loop system with no dead
                           ends or unused branches to prevent bacterial contamination in such
                           stagnant areas

                        
                        

                     
                     
                     
                     	
                        
                        
                        Constant flow of water through all
                           distribution piping with a minimum flow velocity of 1.5 feet per second
                           (ft/sec) at the distal end of a direct system at peak demand and 3
                           ft/sec in the distal portion of the loop in an indirect feed system

                        
                        

                     
                     
                     
                     	
                        
                        
                        Minimum number of elbows and
                           T-joints

                        
                        

                     
                     
                     
                     	
                        
                        
                        Outlets at the highest point of the
                           system to provide adequate germicide contact of all parts of the
                           distribution system during disinfection

                        
                        

                     
                     
                     
                     	
                        
                        
                        Avoidance of use of storage tanks
                           due to their increased water amount and surface available for bacterial
                           contamination (If a storage tank is used, it should be the smallest tank
                           possible, designed to have a constant flow with no stagnant areas. It
                           should have a conical or bowl-shaped base, drain from the bottom, use an
                           airtight lid, and be able to be cleaned, disinfected, and rinsed. All
                           storage tanks should be vented through a hydrophobic 0.2-micron air
                           filter. An ultrafilter or some other form of bacterial control device
                           should be installed distal to the storage tank.)

                        
                        

                     
                     

                  
                  
                  
                  All piping (including water lines between
                     the water outlet and the back of the dialysis machines) and storage tanks must
                     be disinfected at intervals adequate to prevent bacterial growth. Disinfection
                     must be done at least monthly, but more frequent disinfection may be necessary
                     to maintain viable bacteria and endotoxin levels below AAMI standards. Frequency
                     is dependent on the quality of the water entering the system and the individual
                     system design.

                  
                  
                  
                  Disinfection schedules should be designed
                     to prevent bacterial growth rather than eliminate it when bacterial contamination
                     over the limit is detected. EPA-approved chemicals should be used according to IFU
                     and must be thoroughly rinsed from the system with treated water before the system
                     is used. Clear separation of clean and dirty areas must be established, in order to
                     avoid cross-contamination. Employees must wear appropriate PPE when cleaning and
                     disinfecting hemodialysis machines, to avoid exposure to bloodborne pathogens.

                  
                  

               
               

            
            
            
            
               
               
               Design Issues for Disposal of Human Waste

               
               
               
               
                  
                  
                  
                  There is no safe, aesthetic
                     management of stool and other human waste in bedpans; system design should provide
                     for emptying bedpans without leaving the patient’s room or for minimal travel distance to
                     clinical/flushing rim sinks in treatment areas.

                  
                  
                  

               
               

            
            

         
         
         
         
            
            
            Controlling Legionella

            
            
            
            
               
               
               
               As referenced up to this
                     point, one of the major concerns for potable water contamination in
                     healthcare facilities is the prevention of Legionella, particularly following water
                     disruptions. The prevention of healthcare-associated Legionnaires’
                  disease depends upon identifying possible water-related sources where Legionella growth could occur
                  and instituting control measures. Risk assessment evaluation has proved useful
                  in predicting Legionella spp.
                  contamination in water systems.

               
               
               
               Legionella testing is not required in most areas or jurisdictions if
                  not associated with clinical disease. However, testing may be recommended when
                  there is evidence of clinical disease or as part of a Legionella prevention plan.

               
               
               
               Note that the mere presence of Legionella organisms in a
                  water system does not predict the occurrence of disease outcomes. Sampling
                  programs with more than 30% positivity rates have been associated with clinical
                  disease.

               
               
               
               The CDC recommends testing for routine and
                  non-routine purposes to establish a baseline measurement for performance
                  indicators, validate water management plans, evaluate potential growth and
                  transmission sources, and test remedial treatment efforts. Routine testing may
                  benefit facilities that house or treat individuals at increased risk for
                  Legionnaire’s disease, have a history of associated Legionnaire’s disease cases,
                  and/or are unable to meet control limits consistently. Test methods vary by type
                  of water system and reason for testing. A plan must be in place to remove Legionella from the water system.

               
               
               
               
                  Key Point

                  
                     
                     
                     Resource-sharing
                        control strategies for legionellosis are provided by multiple different
                        organizations, including OSHA, ASHRAE, and the CDC. The CDC’s guidelines provide
                        a series of steps that should be undertaken whenever either a single case of
                        laboratory-confirmed nosocomial Legionnaire’s disease is identified or two or
                        more cases of laboratory-confirmed disease, which might be
                        healthcare-associated, occur within six months of each other.

                     
                     

               
               

            
            

         
         
         
         
            
            
            Remediation Strategies

            
            
            
            
               
               
               
               Planning hazard prevention through system and
                  equipment design as well as preventive maintenance remains the strongest
                  approach. However, given the best of intentions, disruptions do occur, whether
                  during construction, natural disasters, or technical or human-made disasters.
                  We’ll look at two types of disruptions: utility disruption and leaks and
                  floods.

               
               
               

            
            
            
            
               
               
               Utility Disruption

               
               
               
               
                  
                  
                  
                  Emergency preparedness
                     requires a number of strategies, including sufficient storage of supplies and
                     follow-up response protocols for planned or unplanned power loss affecting water
                     flow. IPs should participate in planning and response to prevent, detect, and/or
                     reduce infectious hazards, in accordance with TJC utility and emergency management
                     standards.

                  
                  
                  
                  Facility policies should include contingency
                     planning for supplying water for drinking, cleaning, bathing, and toilet flushing.
                     In addition, an unplanned disruption may affect the water distribution lines and
                     require heating or chlorination, flushing, and water testing before resumption of
                     use. CDC guidelines offer specific guidance on remediation strategies for the water
                     distribution system, including conditions involving a boiled water advisory
                     (BWA).

                  
                  
                  
                  IPs should be aware of and have access to their
                     facility’s water quality analysis report, which must be provided to local water
                     control authorities. The report includes elements measured against standards such
                     as
                     turbidity (1 unit), microbiologic contaminants (0 coliform bacterium/100 mL), and
                     residual disinfectant levels, such as chlorine (less than 4 mg/L chlorine).

                  
                  
                  
                  The preferred method of decontaminating the hot
                     water system after a disruption must be identified in contingency plans. Any
                     separate water storage and treatment system for dialysis should be included in the
                     plan, including filter changes and disinfection.

                  
                  

               
               

            
            
            
            
               
               
               Leaks and Floods

               
               
               
               
                  
                  
                  
                  Water seepage and retained moisture may lead to
                     serious bacterial and fungal contamination in air-handling systems. Practical
                     suggestions for cleanup and treatment of wet surfaces, whether ceilings, walls, or
                     flooring, are available. Cleanup protocols affecting various surfaces and
                     furnishings should be followed:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Clean and disinfect hard surfaces after the area is
                           drained.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Remove carpeting, loose tiles, and buckled flooring to
                           allow the support surface to dry before replacing the items. Wet carpeting
                           with a low-level disinfectant or sanitizer before removing it to minimize
                           dust dispersion.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Remove and replace wallboard and other porous surfaces if
                           they cannot be cleaned and dried within 72 hours. Moisture meter readings
                           should be <20% moisture content.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Clean and allow hard surface furniture to dry. Dry, sand,
                           and revarnish wood furniture. Replace cloth furniture.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Replace electrical equipment that cannot be dismantled,
                           cleaned, and reassembled.

                        
                        

                     
                     

                  
                  
                  
                  The key to preventing infection problems consists of removal of
                     the moisture source, cleanup within 24 to 48 hours, disinfecting with diluted bleach
                     solutions, and thorough drying.

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Section F: Waste and Laundry Management

         
         
         
         
            
            
            
               After
                  completing this section, learners will be able to:
               

            
            
            
            
               
               
               	
                  
                  
                  Recognize and collaborate on waste
                     management and laundry management processes for a safe care environment.

                  
                  

               
               

            
            
            
            This section first describes waste management plans and
               emerging issues and new technologies in waste management. It then discusses the
               laundry service and process, use of antimicrobial textiles, and monitoring of the
               laundry process and of environmental pathogens.

            
            

         
         
         
         
   
      
         
         
         
         Waste Management

         
         
         
         
            
            
            
            IPs should be involved
               in the management of healthcare waste that is capable of transmitting infectious
               agents.

            
            
            
            
               Key Point

               
                  
                  
                  It is a common misconception that exposure
                     to a pathogen in wastes will likely result in infection. Pathogenic organisms
                     are found in many different day-to-day settings. Ordinary garbage, bed linens,
                     soiled diapers, and unwashed hands are all examples of environments in which
                     pathogens can routinely be found both inside and outside the healthcare setting.
                     Multiple studies have shown that, although hospital wastes can have a greater
                     variety of organisms than residential wastes, household wastes are more heavily
                     contaminated. Even when generated from healthcare activities, most garbage,
                     soiled bed linens, and diapers do not have any special handling
                     requirements.

                  
                  

            
            
            
            Definitions and terminology surrounding waste
               and waste types vary from organization to organization. Varied definitions in local
               and regional regulations affect the criteria established in organizations. But in
               order for waste to transmit infectious agents and cause infection, all of the
               following specific requirements must exist:

            
            
            
            
               
               
               	
                  
                  
                  The
                     infectious dose must be high enough.

                  
                  

               
               
               
               	
                  
                  
                  The
                     host must be susceptible.

                  
                  

               
               
               
               	
                  
                  
                  A
                     pathogen must actually be present.

                  
                  

               
               
               
               	
                  
                  
                  The
                     pathogen must be virulent.

                  
                  

               
               
               
               	
                  
                  
                  A
                     portal of entry into the host must be accessible.

                  
                  

               
               

            
            
            
            Given the above requirements, the following
               categories of infectious waste may be described, along with a few examples of each.
               Note that not all of these waste types are typically present in all healthcare
               facilities.

            
            
            
            
               
               
               	
                  
                  
                  Contaminated sharps.
                     Examples include discarded needles, scalpels, or broken glass (such as from
                     a test tube). These pose the greatest risk for injuries and associated
                     infections due to their ability to generate a portal of entry in a host with
                     a puncture or cut. Once they are properly placed in an appropriate, rigid,
                     puncture-resistant container, they pose negligible risk.

                  
                  

               
               
               
               	
                  
                  
                  Microbiological cultures and
                        stocks of infectious agents. Examples include stocks used in
                     research or cultures of bacteria, viruses, or other microorganisms. These
                     pose the greatest potential for infectious disease transmission because they
                     contain high concentrations of potentially pathogenic organisms. They may be
                     treated and disposed of as nonhazardous waste in some cases, according to
                     regulations.

                  
                  

               
               
               
               	
                  
                  
                  Animal wastes. Examples
                     include excrement from therapy, life enrichment, or service animals. In
                     non-healthcare settings, this may include waste from animals used in medical
                     research. Salmonella may
                     be found in the feces of some animals, such as reptiles or birds; Clostridium perfringens
                     may be found in their digestive tracts as well.

                  
                  

               
               
               
               	
                  
                  
                  Blood and blood products.
                     Examples include whole blood, serum, and immunoglobulins. Small amounts of
                     these materials dried on dressings or other disposable items represent an
                     insignificant hazard once they are properly contained because of the absence
                     of a portal of entry and a means of transmission. If allowed by local
                     regulations, they may be carefully poured down a drain that is connected to
                     a sanitary sewer designed for the disposal of human waste.

                  
                  

               
               
               
               	
                  
                  
                  Selected isolation
                        wastes. Examples include excretions, exudates, and secretions from
                     patients with highly communicable diseases, such as Ebola or smallpox. This
                     may require specialized shipment or disposal to comply with legal
                     requirements.

                  
                  

               
               
               
               	
                  
                  
                  Pathological wastes.
                     Examples include tissue specimens collected or removed as a result of
                     surgery. Pathological wastes do not usually fit the definition of infectious
                     waste outlined previously. There is no portal of entry, and most of these
                     materials have been soaked in alcohol or formaldehyde; thus they seldom
                     contain pathogens.

                  
                  

               
               

            
            
            
            If the waste in question does not meet the
               criteria necessary to cause infection and thus does not fit into one of the above
               categories, it differs little in danger from waste generated by a normal
               household.

            
            
            
            As is the case in other areas, there is a
               complex web of regulatory oversight with regard to management of waste. This
               includes agencies common to the healthcare arena, such as the CDC, but it can also
               include other governing agencies.

            
            

         
         
         
         
         
            
            
            Waste Management Plans

            
            
            
            
               
               
               
               An efficient waste management plan
                  includes definitions of “infectious” and “noninfectious” waste, and it addresses
                  every step, from acquiring materials that become waste to generation of waste,
                  discarding, collection and containment, handling, accumulation and storage,
                  transportation, treatment, and ultimate disposal. The waste management plan
                  should be written, and it is addressed, to some extent, by many regulatory,
                  advisory, and licensing agencies. The key to success is a collaborative effort
                  that includes the IP.

               
               
               
               
                  Key Point

                  
                     
                     
                     Organizations may
                        choose to rely on the jurisdiction’s definition for
                        regulated waste when defining infectious waste in their
                        waste management plan. In the U.S., the Bloodborne
                        Pathogens Standard from OSHA defines regulated
                           waste as “liquid or semi-liquid blood or
                        other potentially infectious materials; contaminated
                        items that would release blood or other potentially
                        infectious materials in a liquid or semi-liquid state if
                        compressed; items that are caked with dried blood or
                        other potentially infectious materials and are capable
                        of releasing these materials during handling;
                        contaminated sharps; and pathological and
                        microbiological wastes containing blood or other
                        potentially infectious materials.”

                     
                     

               
               
               
               The method of disposal
                  depends on the type of waste.

               
               
               
               
                  
                  
                  	
                     
                     
                     Incinerators can
                        be used for pathological waste, such as tissue samples or organs, and
                        for Category A infectious waste, including hemorrhagic fever viruses,
                        hantavirus, and cultures of other agents such as herpes simplex B
                        virus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Autoclaves can be
                        used to dispose of microbiological cultures, stocks of bacterial and
                        viral infectious agents, and other microorganisms as well as Category A
                        infectious waste.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Sanitary sewers
                        may be used for the safe disposal of blood, suctioned fluids, ground
                        tissues, excretions, and secretions, provided that local sewage
                        discharge requirements are met.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Trash chutes,
                        dumpsters, and compactors can be used for noninfectious waste.

                     
                     

                  
                  

               
               
               
               The waste management plan should
                  assign responsibility and authority for overseeing the program to an individual
                  who is knowledgeable regarding infectious disease transmission and who is
                  familiar with applicable regulations (e.g., the facility safety officer or
                  environmental services director or, less commonly, an IP). This ensures that
                  these materials are handled as required and in a scientific manner.

               
               
               
               Plan objectives should include:

               
               
               
               
                  
                  
                  	
                     
                     
                     Rendering infectious or regulated waste safe for disposal.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Ensuring that there is minimal risk to patients, HCP, visitors, and
                        others associated with waste generated by the facility.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Meeting or exceeding regulations.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Educating HCP on the management plan and the actual (as opposed to
                        perceived) risk levels posed by waste.

                     
                     

                  
                  

               
               
               
               Recommendations for other plan components are as
                  follows:

               
               
               
               
                  
                  
                  	
                     
                     
                     Designation.
                        Policies and procedures for sorting discarded materials must be aligned
                        with regulatory and safety requirements. A list of infectious wastes
                        generated by the facility should be developed, and the areas generating
                        that waste should be identified in the plan.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Segregation.
                        Waste should be segregated by appropriately knowledgeable HCP, at the
                        point of origin, into designated receptacles designed to prevent leaks
                        and punctures. When waste has multiple types of hazards, it should be
                        handled with the most stringent handling requirement associated with
                        those hazards.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Packaging. Waste
                        must be packaged properly to protect patients, HCP, visitors, and the
                        public from potential exposure to infectious materials and to facilitate
                        the proper handling, storage, treatment, or disposal of the waste.
                        Selection of the appropriate packaging type depends on the
                        characteristics of the waste. Infectious waste must be properly
                        identified as a biohazard, following guidelines for use of red
                        color-coding or use of the universal biohazard symbol and term
                        “biohazard.” Jurisdictions otherwise specify packaging requirements.
                        Some general guidelines are as follows:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Sharps containers must be impervious, rigid,
                              puncture-resistant, leak-proof on the sides and bottom, and
                              closable.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Plastic bags are appropriate for bulk solid
                              or semisolid infectious wastes or for disposables containing
                              residual liquids; bags should be impervious and
                              tear-resistant.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Potentially infectious liquid wastes may be
                              carefully poured down a designated sanitary sewer by personnel
                              using appropriate engineering controls and PPE. When disposal
                              via a sanitary sewer is not desirable or possible:

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Liquid wastes should be placed in
                                    leak-proof containers, such as a flask or bottle, that
                                    can be tightly capped or stoppered.

                                 
                                 

                              
                              
                              
                              	
                                 
                                 
                                 Absorbent material (sufficient to
                                    absorb the entire contents of the container) must be
                                    added to the outer container.

                                 
                                 

                              
                              
                              
                              	
                                 
                                 
                                 Free-flowing liquids should not be
                                    poured directly into a waste container.

                                 
                                 

                              
                              
                              
                              	
                                 
                                 
                                 Suction canisters must be tightly
                                    closed and placed in plastic bags. Bags may then need to
                                    be placed in a secondary container, such as a cardboard
                                    box, to preserve the integrity of the packaging during
                                    transport and storage.

                                 
                                 

                              
                              
                              
                              	
                                 
                                 
                                 Semi-rigid or rigid secondary
                                    containers usually are required for off-site transport
                                    of infectious or regulated waste.

                                 
                                 

                              
                              

                           
                           

                        
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Storage. Treat
                        and dispose of regulated waste as soon as possible after generation.
                        Comply with storage times set by jurisdictions. Follow regulations on
                        storage areas and enclosure types.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Transport.
                        Maintain packaging integrity and protect handlers during transportation
                        of infectious or regulated waste. Discourage the use of mechanical waste
                        collection devices and gravity or pneumatic-chute transport. Use readily
                        cleanable or plastic-lined leak-proof carts to transport infectious or
                        regulated waste from the generating areas to the storage area.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Treatment. Treat
                        infectious waste using different methods: steam sterilization, chemical
                        disinfection, gas/vapor sterilization, irradiation decontamination,
                        microwave, thermal plasma, and hyperchlorination. Select the treatment
                        method based on the amount and type of infectious waste, facility
                        capabilities, and cost-effectiveness. Choose a monitoring system based
                        on the treatment method, and monitor treatment methods for efficacy. For
                        example, steam sterilization treatment would be monitored using a
                        biological indicator that includes Geobacillus stearothermophilus
                        spores.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Disposal. The
                        direct disposal of infectious or regulated waste at a properly sited
                        landfill does not present a threat to public health and safety,
                        according to many experts, and is still acceptable in many areas.
                        However, this is subject to local regulations.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Contingency
                           planning. Include systems in the plan to address unforeseen
                        events that may disrupt normal treatment, transportation, and disposal
                        of infectious waste materials. Prepare both on- and off-site
                        contingencies and develop alternate strategies in case of on-site
                        treatment systems’ failure or a power shortage. Designate a backup
                        disposal contractor. Develop on- and off-site emergency spill
                        procedures.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Staff training.
                        Train necessary personnel involved in the generation, handling,
                        transporting, treatment, or disposal of infectious waste. Specific
                        training may be required by regulatory agencies. At a basic level, this
                        training should include:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           The facility’s definition of infectious
                              waste.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Handling procedures.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Appropriate PPE.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Hand hygiene.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Labeling or coding used to designate items as
                              infectious waste.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Post-exposure management.

                           
                           

                        
                        

                     
                     

                  
                  

               
               
               
               
                  Key Point

                  
                     
                     
                     The IP may be
                        involved in both the development and coordination of the
                        infectious waste plan. For the plan to be successful, it
                        may require the IP to engage with various outside
                        entities to ensure that they have the ability to handle
                        the types of infectious waste being generated and follow
                        policies and procedures that are in alignment with the
                        needs of the facility.

                     
                     

               
               
               
               As handling infectious or
                  regulated waste may require the use of specialized equipment and external
                  services, it may be a significant cost source for a facility. Reduction of this
                  waste may save the facility money over time. Waste segregation and the reuse or
                  recycle of permissible waste is one key method for this. A flow chart showing
                  how waste minimization and segregation may be implemented at a facility is shown
                  in Exhibit 5-9.

               
               
               
               
                  Exhibit 5-9: Waste Management Flowchart[image: This flowchart outlines the segregation and disposal of waste generated from medical procedures. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               

            
            

         
         
         
         
            
            
            Emerging Issues and New
                  Technology

            
            
            
            
               
               
               
               Waste
                  resulting from gene therapy should be handled as biohazardous material, and
                  disposal should follow medical regulated waste protocols (i.e., incineration).
                  If a healthcare facility is involved in gene therapy, the IP should be consulted
                  and involved in policy and procedure development as well as education and
                  training. Gene therapy and vectors are evolving, and the IP should follow
                  current guidelines as appropriate to minimize potential risks related to
                  handling and disposal.

               
               
               
               The emergence of
                  new infectious agents may present new challenges in waste disposal, especially
                  when knowledge about a causative agent is limited and information about
                  transmission or infectious nature is incomplete, such as was
                     seen recently with SARS-CoV-2. In these cases, stringent
                  recommendations for waste handling and disposal are often implemented.

               
               
               
               Potential bioterrorism agents, such as
                  smallpox and Ebola virus, have prompted guidance that includes waste handling
                  and disposal. For example, even though the smallpox vaccine does not contain the
                  smallpox virus, smallpox vaccination plans should still address the handling and
                  disposal of bifurcated needles, vaccination site dressings, and discarded unused
                  vaccine.

               
               
               
               Waste contaminated with
                  Category A agents is deemed regulated medical waste, and its disposal must be
                  managed in one of two ways: It is either inactivated on-site or transported to a
                  facility for disposal. If a facility is used, healthcare organizations should
                  proactively address preparedness planning, training, and PPE for HCP and confirm
                  the willingness of their medical waste processors to accept these types of waste
                  and identify suitable alternatives if necessary.

               
               
               
               Many technologies are available or under development to treat
                  or decontaminate regulated medical wastes. Methods reduce microbial load, and
                  the final waste product does not need to be sterile prior to disposal. Processes
                  include autoclaving, incineration, internment (anatomic wastes), chemical
                  disinfection, grinding/shredding/disinfection methods, energy-based technology
                  (microwaves or radio waves), disinfection/encapsulation, and disposal into a
                  sanitary sewer.

               
               

            
            

         
         
   
      
         
         
         
         Laundry Management

         
         
         
         
            
            
            
            Textiles can provide a vector for
               cross-contamination of pathogens such as C. difficile, VRE, MRSA, Acinetobacter baumanii, Pseudomonas aeruginosa, and norovirus.
               Regulations emphasize that linens must be handled, stored, and processed in a way
               that prevents the spread of infection. This is especially important due to the
               degree of contact patients
               have with bed linens (including pillow cases, blankets, and sheets) and clothing.
               In
               addition, towels, employee uniforms, and other such surfaces may be present in a
               healthcare facility.

            
            
            
            Through a combination of soil removal, pathogen
               removal, and pathogen inactivation, contaminated laundry can be rendered
               hygienically clean or free of vegetative pathogens. The laundering process consists
               of the proper combination of water, heat, pH, oxidation, chemical sanitizers, and
               drying. The physical layout of the laundry and the design of the facility
               infrastructure also play a vital role in ensuring hygienically clean textiles.

            
            
            
            A handful of key terms may be useful to know in
               reference to laundry services. These terms are presented in Exhibit 5-10.

            
            
            
            
            
               Exhibit 5-10: Key Laundry Services Terms
               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        
                           
                           
                           
                           
                           
                        
                        
                           
                           
                              
                              	
                                 
                                 
                                 Term

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Definition

                                 
                                 
                              

                           
                        
                        
                        
                           
                           
                              
                              	
                                 
                                 
                                 Antimicrobial
                                       fabric

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Antimicrobial
                                    fabrics and textiles are fiber-based substrates to which
                                    antimicrobial agents have been applied, either at the
                                    surface or incorporated into the fibers, rendering a
                                    product that kills or inhibits the growth of
                                    microorganisms.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Cleaning

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 A process that uses
                                    a cleaning agent and physical action, such as scrubbing
                                    or wiping, to remove visible soil, organic matter, and
                                    bioburden from a surface or object, and, in doing so,
                                    renders the surface of the object safe for handling. The
                                    cleaning agent may be a wet or dry chemical. The
                                    specifics of a cleaning process are dictated by factors
                                    associated with the item to be cleaned, namely chemical
                                    compatibility, location, wetness tolerance, and surface
                                    topography and complexity.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Condition/drying
                                       area

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 An area where,
                                    after extraction, textiles are either conditioned
                                    (partly dried) or fully dried in a dryer or tumbler.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Contamination

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 The presence of
                                    blood or other potentially infectious material (OPIM) on
                                    an item or surface.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Contaminated
                                       laundry

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 According to
                                    guidelines, laundry that has been soiled with blood or
                                    OPIM or may contain sharps.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Decontamination

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 The use of physical
                                    or chemical means to remove, inactivate, or destroy
                                    bloodborne pathogens on a surface, or the use of
                                    disinfectants to render the item incapable of
                                    transmitting infectious particles, so that the item is
                                    made safe for handling, use, or disposal.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Extraction area

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 An area where
                                    excess water is removed from textiles after laundering
                                    but before conditioning or drying.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Folding area

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 An area where
                                    textiles are folded.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Foreign object

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Non-textile objects
                                    or items (e.g., instruments, disposable devices, sharps,
                                    personal patient information, etc.) that
                                    may potentially harm people or laundry equipment if left
                                    among textiles.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Functional
                                       separation/barrier

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 An activity or
                                    structure that separates one movement, action, or space
                                    from another. Examples include structures such as walls
                                    or partitions, carts, and ventilation parameters, such
                                    as airflow directions and pressure. Functional
                                    separation achieved through ventilation usually employs
                                    negative air pressure to prevent potential pathogens
                                    from spreading to other areas in the facility.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Hygienically
                                       clean

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 A clean state, free
                                    of pathogens (or in which there are sufficiently low
                                    numbers of pathogens) so as to minimize risk of
                                    infection.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Processed

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Items that have
                                    been laundered, cleaned, disinfected, or sterilized (as
                                    appropriate), so that they are safe to use as
                                    intended.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Receiving area

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 An area where
                                    soiled textiles are sorted, usually by textile category
                                    and sometimes by degree of soiling or color.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Staging

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 A process for
                                    preparing textiles for delivery and having them wrapped
                                    and ready for transport.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 OPIM

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 The following human
                                    body fluids: semen; vaginal secretions; cerebrospinal,
                                    synovial, pleural, pericardial, peritoneal, or amniotic
                                    fluids; saliva in dental procedures; bodily fluids that
                                    are visibly contaminated with blood, and all bodily
                                    fluids in situations where it is difficult or impossible
                                    to differentiate between them; and any unfixed tissue or
                                    organ (other than intact skin) from a human (living or
                                    dead). Also included are HIV-containing cell, tissue, or
                                    organ cultures as well as HIV- or HBV-containing culture
                                    media or other solutions; and blood, organs, or other
                                    tissues from experimental animals infected with HIV or
                                    HBV.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Soiled

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 A textile product
                                    that has been used or worn and soiled by perspiration,
                                    bodily oils, or one of the many other items to which it
                                    may have been exposed.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Washing
                                       (processing) area

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 An area where
                                    soiled textiles are washed and in which such equipment
                                    as washers, extractors, washer-extractors,
                                    continuous-batch washers, and/or continuous processing
                                    systems are located; also known as the wash floor.

                                 
                                 
                              

                           
                        

                     

                  
                  

               
            
            
            
            Overall laundry
               management best practices are the following:

            
            
            
            
               
               
               	
                  
                  
                  Laundry services that are accredited by
                     healthcare laundry accreditation agencies (such as the Healthcare Laundry
                     Accreditation Council) should be contracted with if possible.

                  
                  

               
               
               
               	
                  
                  
                  The IP or environmental services
                     manager should visit the laundry processing plant on a regular and routine
                     basis.

                  
                  

               
               
               
               	
                  
                  
                  Policies and procedures should be
                     developed in the healthcare facility to ensure that linen is clean and is
                     stored and handled appropriately.

                  
                  

               
               

            
            

         
         
         
         
         
            
            
            Laundry Services

            
            
            
            
               
               
               
               Healthcare laundry is either processed by a facility’s
                  own laundry service (on-premise laundry, off-site hospital-owned facility, or shared
                  laundry service), or it is outsourced to a commercial, retail facility with
                  customer-owned goods or facility-provided textiles. Healthcare facilities are
                  increasingly outsourcing their laundry services to offset the risk and costs
                  associated with managing textiles in-house.

               
               
               
               
                  Key Point

                  
                     
                     
                     The role of healthcare workers’ attire in
                        the transmission of bacteria and development of healthcare-associated infections
                        is not clear. The Association of periOperative Registered Nurses (AORN)
                        recommends that all perioperative personnel should wear disposable surgical
                        attire or freshly laundered surgical attire that has been laundered at a
                        healthcare-accredited laundry facility.

                     
                     
                     
                     Artificial nails should not be worn in the laundry while
                        processing clean textiles. Artificial nails are defined as any substance or
                        device applied or added to the natural nails to augment or enhance the nail,
                        including bonding, extensions, tips, wraps, gel and acrylic overlays, and
                        tapes.

                     
                     

               
               
               
               The laundry process is designed to produce
                  healthcare textiles that are free of vegetative pathogens (hygienically clean).
                  Laundering cycles consist of flush, main wash, bleaching, rinsing, and souring
                  (which neutralizes any chemical residue remaining from the preceding processes).
                  Cleaned, wet textiles are then dried, pressed, and prepared for distribution back
                  to
                  the healthcare facility.

               
               
               
               The individuals performing
                  laundry duties should be aware of the principles for safe sorting, washing, and
                  storing of laundry, and the IP should periodically inspect and monitor the products
                  and processes used.

               
               
               
               Depending on the specifics of the
                  laundry service used (on-site or remote), various agencies may come into play.
                  Guidance related to the laundry process includes the following:

               
               
               
               
                  
                  
                  	
                     
                     
                     Laundry detergents.
                        Modern-day detergents are much more effective in removing soil and reducing
                        the presence of microbes. The CDC has determined that facilities may use any
                        detergents designated for laundry in the processing thereof.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Water temperatures and chlorine bleach rinses. The chlorine bleach
                        rinse is not required for all laundry items processed in low-temperature
                        washing environments due to the availability of modern detergents that are
                        able to produce hygienically clean laundry without chlorine bleach.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Maintenance of equipment and laundry
                           items. Facilities are not required to maintain a record of water
                        temperatures during laundry processing cycles. The CDC recommends leaving
                        washing machines open to the air when not in use to allow the machine to dry
                        completely and to prevent growth of microorganisms in wet, potentially warm
                        environments. Facilities are required to follow manufacturers’ instructions
                        for washing machines, dryers, detergents, rinse aids, and other
                        additives.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Ozone cleaning systems. The CDC has
                        determined that ozone cleaning systems are acceptable methods of processing
                        laundry.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
         
            
            
            Laundry Process

            
            
            
            
               
               
               
               The laundering process can be broken down into the
                  following steps.

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        Handling, collection, and
                           transportation of soiled healthcare textiles
                        

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Handle healthcare textiles in
                              a way that minimizes exposure to infectious agents.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Minimize handling and
                              contamination of soiled textiles; don’t sort or rinse them in
                              patient-care areas.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Treat all linen from isolation
                              rooms as soiled linen.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Use tear-resistant and
                              leak-proof collection bags or containers to contain wet or soiled
                              textiles.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Color-code or label bags or
                              containers for soiled textiles unless only soiled healthcare
                              textiles are coming into laundry and standard precautions are
                              followed.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Keep clean and soiled textiles
                              separate during collection and transportation.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Follow standard precautions,
                              including using PPE, when handling soiled textiles.

                           
                           

                        
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Washing, extraction, and
                           drying
                        

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Ensure that healthcare textiles
                              become hygienically clean.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Use one of three types of
                              healthcare textile washing equipment: washers, washer/extractors,
                              and continuous batch washers; document and revise any equipment
                              modifications made to meet quality standards.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Establish and record load size
                              for each classification of soil.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Comply with healthcare textile
                              processing requirements.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Establish standards for cycle
                              time, water levels/usage, temperature, and chemical usage.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Recommend hot-water wash at
                              160°F (71°C) for at least 25 minutes; can use low temperature at
                              71°F to 77°F (22°C to 25°C) if cycle duration, detergent, and
                              additive are monitored and controlled properly.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Adjust dryer temperatures and
                              cycle times based on fabrics to provide additional microbicidal
                              action.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Extract and dry-clean
                              healthcare textiles to preserve textile integrity, minimize
                              microbial growth, and promote efficient ironing or folding.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Do not leave damp textiles in machines
                              overnight.

                           
                           

                        
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Finishing
                        

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Ensure that finishing process of ironing or
                              folding maintains clean state of textiles.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Meet user needs and expectations during ironing or
                              folding procedures. Rewash any soiled textiles.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Maintain ironing equipment to prevent excessive
                              heat, pressure, or damage. Ensure that ironer chests maintain
                              minimum temperature of 300°F (149°C).

                           
                           

                        
                        
                        
                        	
                           
                           
                           Keep dry folding equipment in good operating
                              condition.

                           
                           

                        
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Packaging and
                           storing
                        

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Package and store healthcare
                              merchandise in a clean state for delivery.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Wrap textiles into
                              fluid-resistant bundles or place bundled textiles in fluid-resistant
                              covered carts or hampers. Keep wrapping material securely closed
                              during transport.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Handle textiles as little as
                              possible.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Place unwrapped merchandise in
                              carts or hampers and keep covered.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Store bundled and wrapped
                              textiles in open racks as long as they are not damaged. The bottom
                              shelf must be of solid nonporous construction, free from visible
                              soil and dirt, and at a minimum of eight inches from the floor.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Store unwrapped clean textiles
                              in designated rooms.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Restrict access to
                              laundry storage room to appropriate personnel.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Stored clean linens only in
                              this area and sign as “Linen storage room.”

                           
                           

                        
                        
                        
                        	
                           
                           
                           Keep door closed at all
                              times.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Reprocess any textiles soiled
                              during packaging and storage.

                           
                           

                        
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Delivery of cleaned
                           healthcare textiles
                        

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Clean and soiled textiles may
                              be transported in the same vehicle if functional separation is
                              maintained using physical barriers and/or space separation
                              sufficient to protect clean textiles from contact with soiled
                              textiles. Best practice is to separately transport clean and soiled
                              linen when possible.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Bag soiled textiles in
                              fluid-resistant containers and anchor soiled textiles in the vehicle
                              so that they do not spill from their containers.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Train personnel regarding
                              proper bagging and placement of textiles in the transporting truck;
                              ensure that all employees follow standard precautions at all
                              times.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Clean and soiled textiles
                              should not be stored in the same container.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Wrap or line carts used to
                              transport clean textiles and then cover; maintain carts in good
                              working order.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Clean and disinfect carts,
                              containers, covers, and liners used to collect or transport soiled
                              textiles after each use.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Regularly clean the interior of
                              the transport vehicle or when it is visibly soiled.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Equip vehicles with waterless
                              hand sanitizer, PPE, and spill kits.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Gloves must be worn when handling soiled textiles, and appropriate
                              hand hygiene performed after their removal. Clean linen must never
                              come into contact with gloves used to handle soiled textiles.

                           
                           

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Managing Infestations

               
               
               
               
                  
                  
                  
                  
                  
                  Facility linen may become contaminated with lice or
                     scabies from patients,
                     especially during an outbreak. In these situations, linen and clothing from infected
                     patients must be washed
                     and dried at high temperatures. It is not necessary to treat fabrics with an
                     insecticide. Processing all fabrics in commercial washers and dryers provides
                     sufficient heat to kill these parasites.

                  
                  
                  
                  In particular, bedbugs can be problematic in
                     healthcare facilities. If not detected early, bedbugs may invade hospital linen, and
                     reside in the cracks and crevices of furniture (mattresses, bed frames, chairs,
                     tables), behind picture frames, under wallpaper, in upholstery and carpeting, and
                     between floor tiles and moldings.

                  
                  
                  
                  If bedbugs are suspected, the patient must be examined and their
                     personal belongings placed in plastic bags that are tied securely closed or in other
                     sealed containers. If decontamination of infested articles is desired, bag them and
                     heat the items to 120°F (49°C) for at least 10 to 20 minutes. Environmental clutter
                     should be removed and the area vacuumed, preferably using a HEPA-filtered vacuum
                     cleaner. Reusable equipment such as walkers and wheelchairs should be thoroughly
                     cleaned. For heavy and/or persistent infestations, insecticides may be required. HCP
                     should wear protective gowns and gloves while providing care and when
                     decontaminating infested areas.

                  
                  
                  
                  When notified about bedbugs, EVS may assist
                     with containment procedures and will contact the facility exterminator.

                  
                  

               
               

            
            
            
            
            
               
               
               Antimicrobial Textiles

               
               
               
               
                  
                  
                  
                  The availability of medical fabrics treated
                     with antimicrobial agents has increased considerably over the last few years. A
                     wide variety of metals and chemicals are currently used to confer antimicrobial
                     properties in fabric; these include gold, silver, copper, titanium, triclosan,
                     chitosan, chitooligosaccharides, quaternary ammonium compounds, and
                     zeolite-containing compounds. The antimicrobial effect is achieved either by
                     chemically treating the fabric or finished product or by incorporating the
                     substances directly into the fibers during the weaving process.

                  
                  
                  
                  Based on various studies, the contact
                     period for the inhibition of bacterial populations on these fabrics varies,
                     ranging from days to weeks. Factors that may affect antimicrobial activity
                     include the properties of the microorganism, the intrinsic moisture content of
                     the fabric, the length of the contact time, the method of treatment application,
                     the type of fabric, and the number of times washed following treatment.

                  
                  
                  
                  Reasons exist to both be concerned about
                     the safety of antimicrobial textiles and to advocate for their use. Some of the
                     chemicals have been shown to irritate the skin, and some studies have found that
                     nanoparticles from fabrics were released after incubation in artificial sweat.
                     However, other studies have shown that the fabrics may significantly reduce
                     HAIs.

                  
                  

               
               

            
            
            
            
            
               
               
               Monitoring the Laundry
                  Process

               
               
               
               
                  
                  
                  
                  The following factors in the laundry
                     process should be monitored to minimize the risk of infection transmission:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Washing machines and dryers must be
                           used and maintained according to IFU and other recommendations.

                        
                        

                     
                     
                     
                     	
                        
                        
                        All laundry chemicals must be used
                           according to IFU.

                        
                        

                     
                     

                  
                  
                  
                  Note that:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Facilities may select any detergent
                           designated for use in laundry processing.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Laundry detergents are not required
                           to state that they are antimicrobial.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Laundry processing in water with a
                           low temperature does not always require a chlorine bleach rinse, and
                           bleaching is not required for all laundry.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Some laundry detergents are able to
                           clean fabric hygienically without the presence of chlorine bleach.

                        
                        

                     
                     

                  
                  
                  
                  Process monitoring should be used to verify the effectiveness
                     of cleaning processes used on surfaces, including carts.

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Section G: Construction and Maintenance

         
         
         
         
            
            
            
               After
                  completing this section, learners will be able to:
               

            
            
            
            
               
               
               	
                  
                  
                  Evaluate infection risks and make
                     recommendations during the planning, design, and commissioning phases of
                     construction (e.g., surface choices, number and types of isolation rooms,
                     placement of sinks).

                  
                  

               
               
               
               	
                  
                  
                  Provide recommendations for risk
                     mitigation during construction, renovation, and maintenance (e.g.,
                     establishment of negative pressure, type of barriers).

                  
                  

               
               
               
               	
                  
                  
                  Collaborate to establish risk mitigation
                     monitoring during construction, renovation, and maintenance through
                     commissioning.

                  
                  

               
               

            
            
            
            This section describes infection control risk assessments,
               isolation rooms, and risk mitigation during construction and maintenance.

            
            

         
         
         
         
   
      
         
         
         
         Infection Control Risk
            Assessments

         
         
         
         
            
            
            
            Healthcare
               organizations plan for infection control when designing, constructing, or renovating
               facilities. The guidelines of the Facility Guidelines Institute (FGI Guidelines)
               require healthcare facilities to conduct an infection control risk assessment (ICRA), which is a documented process to assess the
               impact that construction and renovation work will have on IPC programs and
               practices and to ensure that new construction is designed to
                  meet the needs of the patient population. 

            
            
            
            
               Key Point

               
                  
                  
                  Not all authorities that
                     regulate healthcare facilities use the FGI Guidelines, but
                     most refer to some version of them when establishing their
                     codes. It is important to know which version, if any,
                     relevant regulating authorities use.

                  
                  

            
            
            
            Per the FGI Guidelines, the ICRA should be part of
               the broader facility safety risk assessment and must address construction design
               elements related to infection prevention in addition to the infection risk posed by
               the construction work itself.

            
            
            
            An ICRA should be used to ensure that patients,
               HCP, workers, and visitors are protected from infectious disease during construction
               and maintenance. The ICRA determines IPC practices required based on the type of
               activity being performed and the area where the activity will occur. It’s a
               collaborative effort between IP, facilities, and the contractor.

            
            
            
            The ICRA team should include representatives from infection prevention, safety, engineering,
               and HCP—areas
               in the facility that are likely to be affected by the construction. The IP’s role
               on the ICRA team is
               to:

            
            
            
            
               
               
               	
                  
                  
                  Assess
                     the needs and risks of the patient, staff, and visitor populations that will
                     be affected by the construction.

                  
                  

               
               
               
               	
                  
                  
                  Address the infection prevention needs of the patients and HCP who will
                     occupy the space after construction.

                  
                  

               
               
               
               	
                  
                  
                  Provide evidence-based guidance on infection prevention to the project
                     design team.

                  
                  

               
               

            
            
            
            Additional experts in ventilation, plumbing,
               specialty materials, and equipment may be consulted in order to address specific
               issues.

            
            
            
            
               Key Point

               
                  
                  
                  Because ICRAs involve
                     multiple departments and outside contractors, it is prudent
                     to establish policies that specify:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Departmental responsibilities for
                           each aspect of the ICRA.

                        
                        

                     
                     
                     
                     	
                        
                        
                        The types of work that fall under
                           the ICRA requirement.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Definitions of the terms used in
                           the ICRA.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Procedures for validating
                           compliance with the ICRA.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Any record-keeping requirements
                           related to the ICRA process.

                        
                        

                     
                     

                  
                  

            
            
            
            There are five steps in an ICRA per ASHE’s “ICRA 2.0 Matrix of
               Precautions for Construction, Renovation and Operation”:

            
            
            
            
               
               
               	
                  
                  
                  Determine type of activity.

                  
                  

               
               
               
               	
                  
                  
                  Identify patient risk groups that will
                     be affected.

                  
                  

               
               
               
               	
                  
                  
                  Determine level of mitigation
                     strategies needed by evaluating patient risk group against activity
                     type.

                  
                  

               
               
               
               	
                  
                  
                  Assess potential risks to areas
                     surrounding the project.

                  
                  

               
               
               
               	
                  
                  
                  Establish minimum IPC precautions
                     required.

                  
                  

               
               

            
            
            
            The design portion of the ICRA must at least
               address:

            
            
            
            
               
               
               	
                  
                  
                  The
                     number, location, and types of isolation rooms (AIIR and other protective
                     environments) when the FGI Guidelines or local risk assessment requires
                     them.

                  
                  

               
               
               
               	
                  
                  
                  Special heating, air conditioning, or other ventilation needs.

                  
                  

               
               
               
               	
                  
                  
                  The
                     number, location, and types of handwashing stations and hand sanitation
                     dispensers when the FGI Guidelines or local risk assessment requires
                     them.

                  
                  

               
               
               
               	
                  
                  
                  The
                     risk assessment for waterborne pathogens and measures to mitigate their
                     risks.

                  
                  

               
               
               
               	
                  
                  
                  The
                     selection of surface finishing and furnishing materials.

                  
                  

               
               

            
            
            
            Some of these requirements are expanded upon in
               the following discussions.

            
            

         
         
         
         
         
            
            
            Heating, Ventilation, and Air Conditioning
               Considerations

            
            
            
            
               
               
               
               The FGI Guidelines require the ICRA team to
                  consider whether the anticipated patient population or procedures performed in a
                  space will have special requirements beyond the standard healthcare facility
                  ventilation parameters. In locations where proper pressure balance relationships
                  are critical to infection prevention, the ICRA team may determine that visual
                  indicators of ventilation air pressure balance are necessary for locations other
                  than airborne infection isolation rooms (AIIRs) or protective environment (PE)
                  rooms.

               
               
               
               Various recommendations and
                  regulations may affect specific areas of facility design, including HVAC
                  components, such as:

               
               
               
               
                  
                  
                  	
                     
                     
                     Location of fresh air intakes in relation to exhaust outlets,
                        combustion equipment stacks, plumbing vents, and areas in which
                        vehicular exhaust and other fumes collect.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The elevation (in relation to the ground or roof level) of outdoor air
                        intakes and exhaust outlets.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The temperature,
                        relative humidity, and filtration levels of air delivered to specific
                        building areas.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Relationships between air changes per hour and air pressure
                        differentials.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The placement of filters and filter efficiency requirements for
                        air-handling systems.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Use of ultraviolet germicidal irradiation.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Commissioning, which is the process of verifying that the delivery of
                        new construction is according to contract specifications. Policies that
                        should be followed during construction and maintenance are discussed
                        more elsewhere.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Handwashing Stations

            
            
            
            
               
               
               
               The FGI Guidelines establish the minimum
                  number, types, and locations of handwashing stations, with the need for
                  additional stations determined by the ICRA. Adequate and proper placement of
                  handwashing stations is the major engineering and infection prevention method
                  for reducing infection transmission.

               
               
               
               Handwashing station design should consider materials and installation to ensure
                  ease and effectiveness of cleaning and disinfection. Consider currently
                  installed station designs that are easy to use and restrict splashing when
                  selecting designs for new installations.

               
               
               
               Design considerations with regard to handwashing stations
                  include the following:

               
               
               
               
                  
                  
                  	
                     
                     
                     Faucets.
                        Non-touch fittings may require extra attention to maintain pressure and
                        temperature. Risk assessments are recommended to determine the
                        appropriateness of electronic-eye faucets in various settings. Some
                        non-touch electric sensor faucets need to be evaluated as to what would
                        be done in the event of a power outage.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Location.
                        Stations should be conveniently and accessibly placed but positioned so
                        as to prevent splashing on nearby equipment and supplies. Areas beneath
                        sinks should not be used for storage, and surfaces adjacent to fixtures
                        should be nonporous to resist fungal growth.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Soap. Built-in,
                        refillable soap dispensers should be avoided; washable dispensers with
                        disposable cassettes are preferred.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Drying.
                        Sufficient space must be provided for towel dispensers and waste
                        disposal. Ideal designs dispense towels without direct hand contact. If
                        air dryers are used, avoid designs that will lead to possible
                        contamination through recirculation of air.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Aerators. These
                        are not recommended, though proper sink design and regular cleaning will
                        reduce risks posed by their use.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Sink controls.
                        Facets may be operated by elbow-, knee-, or foot-operated controls or
                        automatically through electronic or other sensor-driven controls. In
                        general patient care areas, hand-operated fixtures for routine
                        handwashing may use single-lever or wrist-blade devices. Electronic
                        controls save water and offer no-touch operation; however, the inability
                        to adjust water temperatures may lead to a higher concentration of
                        microorganisms.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Surfaces. The FGI Guidelines specify the types of substrate
                        used for laminate counters with handwashing sinks. Porcelain, stainless
                        steel, or solid-surface sink counter materials do not suffer from
                        delaminating due to water damage.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Plumbing

            
            
            
            
               
               
               
               ANSI/ASHRAE Standard 188-2015 discusses the
                  role of a facility water management team during construction and renovation
                  (A5.2 in the annex for healthcare facilities). Representation from the
                  facility’s water quality management team can assist in evaluating the potential
                  impacts of the construction on the water management plan. The ICRA and water
                  quality management teams should also discuss the procedures and schedule used
                  for flushing and disinfecting the system when construction is completed but
                  prior to occupancy.

               
               
               
               In addition to
                  the FGI Guidelines requirement of a risk assessment for waterborne pathogens,
                  the ICRA team should consider how to reduce Legionella risk in healthcare facility water systems. The guidance
                  recommends that healthcare facilities have a water management plan to control
                  the growth of Legionella and
                  other waterborne pathogens in plumbing systems.

               
               
               
               Design drawings should show the planned water distribution
                  system, including design temperatures, temperature-monitoring points necessary
                  to confirm design temperatures throughout the system, sampling points, treatment
                  points, and draining provisions. During renovation projects, the water quality
                  management team may request routine flowing of water lines not used regularly in
                  order to ensure that chlorine or other disinfectants in the water remain at
                  effective concentrations for controlling bacterial and biofilm growth.

               
               
               
               Plumbing dead-legs are sections of pipe
                  with one end capped or those that are so rarely used that the water inside
                  becomes stagnant and a risk for microbial amplification. Consider the removal of
                  plumbing dead-legs encountered or created during the planned project. When
                  intentionally creating a plumbing dead-leg for future expansion, include a valve
                  to isolate it from the flowing main until it is connected for regular use. If
                  existing dead-leg piping cannot be removed, a valve may be installed to isolate
                  it from the flowing main so the abandoned pipe may be left in place.

               
               
               
               Well-located isolation valves,
                  recirculating plumbing systems, and connections for injecting chlorine or other
                  disinfecting solutions can make it easier to manage future shutdowns for repair,
                  renovation, or management of a pathogen outbreak.

               
               

            
            

         
         
         
         
            
            
            Surface Finishes and Furnishing
               Material

            
            
            
            
               
               
               
               The FGI Guidelines include the selection of
                  surface finishes and furnishing materials as an ICRA requirement during the
                  planning phase. Ideal surfaces and materials are durable, compatible with the
                  facility’s cleaning and disinfection practices, and resistant to damage from
                  moisture. Surfaces and materials in patient care areas in particular need to be
                  impermeable to body fluids.

               
               
               
               The
                  Guidelines require that all walls in healthcare facilities be washable and that
                  those near plumbing fixtures be scrubbable and resistant to water damage. Vinyl
                  wall coverings are discouraged because they trap moisture in the wall, creating
                  the potential for fungal growth, especially on exterior walls or where plumbing
                  leaks are likely.

               
               
               
               The Guidelines also
                  provide specific floor design requirements for some types of healthcare spaces;
                  recommendations for the type of floor surface to facilitate the safe use of
                  patient handling and movement equipment is a part of the patient handling and
                  movement assessment.

               
               
               
               
                  Key Point

                  
                     
                     
                     Carpet may be the
                        preferred flooring surface for lobbies and other
                        high-traffic locations because of its sound-deadening
                        properties and ability to trap dust. If carpet is used
                        as flooring, it must have an impermeable backing and
                        welded seams to prevent any spilled liquids from
                        reaching the subfloor below the carpet. Carpet is not
                        appropriate in areas like laboratories, EVS, or
                        nutrition, where spills and soiling are likely, nor is
                        it appropriate in any location where exposure to blood
                        or body fluids is likely.

                     
                     

               
               

            
            

         
         
   
      
         
         
         
         Isolation Rooms

         
         
         
         
            
            
            
            When determining the number,
               types, and design of isolation rooms, consider the patient population,
               mission, and program goals of the facility, experience with communicable
               diseases, and available resources in the community. Isolation rooms
               may be airborne infection isolation rooms (AIIRs), protective environment
               (PE) rooms, or rooms that provide the characteristics of both AIIRs
               and PE rooms.

            
            

         
         
         
         
         
            
            
            AIIRs

            
            
            
            
               
               
               A sufficient number of
                  AIIRs must be provided in newly designed facilities or facilities
                  that have undergone major renovations. According to the FGI Guidelines,
                  both hospitals and freestanding emergency care facilities must have
                  at least one AIIR. The need for an AIIR in other types of facilities
                  depends on the expected patient population, the services provided,
                  and the risk assessment.

               
               
               
               Airflow in AIIRs is from the corridor into the patient room
                  and then exhausted to the outdoors. The AIIR design must include a permanently
                  installed device to monitor the pressure differential between the room and the
                  corridor. When anterooms are present, the air should flow from the corridor into the
                  anteroom and then from the anteroom into the AIIR. A local audible or visible alarm
                  will indicate when the proper negative pressure relationship is not maintained, and
                  this alarm should be monitored by the central plant.

               
               
               
               The FGI Guidelines for new construction
                  do not permit air recirculation from the AIIR to the general ventilation
                  system or through a dedicated air handler unit in the AIIR. There
                  is an exception for AIIRs retrofitted from standard patient rooms
                  and where it is impractical to exhaust outdoors. In this situation,
                  recirculation of room air is permitted, provided the air first passes
                  through a HEPA filter. In addition to the ventilation requirements,
                  AIIRs must meet the basic patient room requirements.

               
               

            
            

         
         
         
         
            
            
            PE Rooms and Combination
               AIIR/PE rooms

            
            
            
            
               
               
               The ICRA determines the number of PE rooms
                  required. If one or more PE rooms are required in a hospital, the
                  FGI Guidelines specify that at least one room must be a combination
                  AIIR/PE room for highly immunosuppressed patients who have a concurrent
                  airborne precaution infection, such as a cancer patient with varicella.

               
               
               
               The PE room must be positively
                  pressurized relative to the corridor and adjacent spaces and must
                  include a permanently installed device to monitor the required pressure
                  differential between the room and the corridor. A combination AIIR/PE
                  room must include an anteroom in the design, so there must be two
                  devices: one to measure the pressure differential between the room
                  and the anteroom and another to measure the pressure differential
                  between the anteroom and the corridor. As with an AIIR, a combination
                  AIIR/PE room should have alarms to monitor the proper pressure relationships.

               
               

            
            

         
         
   
      
         
         
         
         Risk Mitigation During
            Construction and Maintenance

         
         
         
         
            
            
            
            FGI Guidelines require that an ICRA include written infection control risk mitigation
                  recommendation (ICRMR) plans prepared by the ICRA team. These written
               plans describe the work process and equipment requirements for managing potential
               infection risks and, at a minimum, should address:

            
            
            
            
               
               
               	
                  
                  
                  Patient locations relative to construction and any need for patient
                     relocation. Patient locations include areas where work takes place, adjacent
                     areas, and areas above and below in order to plan mitigation activities if
                     needed.

                  
                  

               
               
               
               	
                  
                  
                  Supply storage areas.

                  
                  

               
               
               
               	
                  
                  
                  Containment barriers and other ICRMRs.

                  
                  

               
               
               
               	
                  
                  
                  Construction phases and their impact on plumbing and ventilation
                     systems.

                  
                  

               
               
               
               	
                  
                  
                  Effects of the construction on traffic flow, access to exits, and operation
                     of life safety systems.

                  
                  

               
               
               
               	
                  
                  
                  Any
                     training required for staff, construction workers, patients, or
                     visitors.

                  
                  

               
               
               
               	
                  
                  
                  Directions on lavatory and eating facilities that are available for
                     construction workers’ use.

                  
                  

               
               
               
               	
                  
                  
                  Requirements that new materials being installed be clean and free from
                     water damage.

                  
                  

               
               
               
               	
                  
                  
                  How
                     the project will be monitored to validate the ICRMRs and written procedures
                     to stop work when necessary.

                  
                  

               
               

            
            
            
            
            Ideally, the healthcare facility will have a
               policy that describes how the IP works with the construction team to establish and
               validate ICRMRs. A common model is for the IP to work with other stakeholders in
               establishing policies and procedures and then to conduct periodic audits to validate
               compliance with the agreed-upon policies and procedures. An infection control
               construction permit, posted at the job site and following the ICRA in detail, allows
               the IP to monitor infection control practices and ensure that proper precautions are
               being taken. The permit example in Exhibit 5-11 shows the construction information, type of activity, risk
               groups, class, and recommendations during construction as well as who authorizes the
               work and who signs the permit.

            
            
            
            
               Exhibit 5-11: Infection Control Construction Permit[image: A form titled “Infection Control Construction Permit” used to assess and authorize construction work in healthcare settings. Go to long description for more details.]
            
               Go to long description.
               

            
            
            
            
            
               Key Point

               
                  
                  
                  It is not the IP’s job to
                     tell a contractor how to do their work; the IP’s job is to
                     verify that work is conducted in a manner that adequately
                     controls the risk of potential infections and complies with
                     the ICRMRs. The IP should work with and through the
                     facility’s project manager. Telling the contractor how to do
                     their work may result in problems with project schedules,
                     costs, and liability. Conducting periodic interdisciplinary
                     rounds of the construction sites with the project manager
                     and safety, security, and contractor representatives is a
                     good way for the IP to validate compliance with the ICRMRs
                     and to ensure that any problems that may be found are
                     corrected. Posting the IPC requirements at the site can help
                     to maintain and monitor compliance.

                  
                  

            
            
            
            Any TB screening and
               vaccination requirements for construction workers should be clearly stated in
               contracts. A high turnover rate among these workers as well as the associated time
               and costs may make this requirement difficult to implement. Screen workers and
               restrict those with active coughing or exposed skin rashes from working in patient
               care areas. PPE for infection prevention should be supplied as necessary to any
               maintenance or construction staff.

            
            
            
            Infection risks due to construction are
               primarily mold spores carried by air movement and water pathogens in plumbing
               systems containing stagnant water or disrupted biofilms. Additionally, patients may
               be disrupted due to noise, vibrations, odors, and other issues; this is particularly
               true when patients cannot be relocated during construction. Flooding may also occur
               and cause damage or other issues due to mold.

            
            
            

         
         
         
         
         
            
            
            Ventilation Systems and Pressure

            
            
            
            
               
               
               
               Ventilation management and risk mitigation is
                  key to infection prevention and control during construction. To prevent
                  contamination of other areas in the same ventilation zone during construction
                  work and to prevent the ventilation from interfering with establishing negative
                  pressure:

               
               
               
               
                  
                  
                  	
                     
                     
                     Seal air supply and return
                        grills.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Ensure that active return air
                        ducts do not leak or are wrapped in plastic sheeting.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Cover exhaust grills with
                        filtering material and connect to exterior fans; turn off and seal
                        exhaust systems with fans pushing air out.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Verify the proper air pressure
                        balances in adjacent areas after containment is established.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Exhaust air
                        from contained workspaces within the zone relative to adjacent
                        spaces.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Pull air out of contained work
                        zones with a fan when exhaust air is directed outdoors and away from
                        pedestrian traffic. Use HEPA-filtered air-moving devices (negative air
                        machines) for exhaust air directed back into the building or outdoors
                        near an air intake or pedestrian traffic.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Properly install HEPA filters in
                        negative air machines and check for damage; use airborne particle
                        counting over visual inspection to locate small gaps or tears.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Check prefilters for adequate
                        airflow through negative air machines, especially during demolition and
                        construction phases involving sanding.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Digitally or manually measure and
                        log the negative air pressure differential between contained and
                        adjacent spaces. For high-risk or sensitive locations, use pressure
                        monitoring devices that can sound alarms and send phone or text messages
                        when the negative pressure is failing.

                     
                     

                  
                  

               
               
               
               The FGI Guidelines call for the contained construction
                  space in high-risk areas to have a minimum of 0.03 inches of negative water
                  pressure relative to the adjacent spaces in the building as well as a visual
                  display of the pressure differential. There is no established amount of negative
                  pressure required for other locations. Without enough negative pressure, the
                  effectiveness of controlling emissions from the containment is reduced, but too
                  much negative pressure can pull down containment barriers, especially those
                  built with plastic sheeting.

               
               
               
               Exhausting air outdoors or to a different ventilation zone
                  can affect the ventilation balance of the occupied spaces adjacent to the
                  contained work zone. When designing the negative pressure ventilation for a
                  contained work zone, the ICRA team must verify that adjacent ventilation systems
                  will not be adversely affected.

               
               
               
               
                  Key Point

                  
                     
                     
                     For smaller jobs and
                        work above ceilings, portable containment units, which
                        incorporate the containment barrier and negative air
                        machine into a system that can be wheeled through a
                        corridor and then set up at the worksite, are available.
                        These devices can have flexible or rigid walls. Some are
                        clear to allow observation of the work occurring inside;
                        others are opaque. Workers who will use these portable
                        containment units should be trained in their proper
                        setup and use. Depending on where they are stored and
                        the type of work performed, these units may require
                        cleaning before transport through the facility to the
                        job site. When selecting a portable containment unit,
                        the IP should ensure that it is adequately sized to
                        contain the workers and tools required to complete the
                        task. A vacuum inside the portable containment may be
                        used to remove accumulated dust from the workers and
                        tools before they leave the containment
                        area.

                     
                     

               
               

            
            

         
         
         
         
            
            
            Dust Control

            
            
            
            
               
               
               Workers should clean loose dust
                  from their clothes and tools with a HEPA-filtered vacuum before leaving the
                  contained workspace. Shoe covers that are put on before leaving the contained
                  work zone will control dust. Place tacky mats at the exits of the contained
                  workspace and promptly remove when soiled. Wet mats are another technique used
                  to remove dust from the bottoms of shoes. When used in combination with tacky
                  mats, use an additional dry mat after the wet mat. Consider cleaning and drying
                  wet mats every two to three days to control mold growth in the mats
                  themselves.

               
               
               
               Whenever possible, establish a dedicated traffic route, away
                  from patient areas, for workers, supplies, and debris. A trash chute is the
                  preferred method for removing debris from contained work zones on upper floors
                  so that it does not need to be transported through the facility. Design the
                  trash chute to close when not in use so that it does not interfere with efforts
                  to maintain negative pressure. When a chute is not possible, debris may be
                  removed using carts. Carts must be covered tightly and their exteriors cleaned
                  before leaving the containment area. Transport through the healthcare facility
                  should occur during the lowest activity period, using a route agreed upon as
                  part of the traffic flow planning stage of the ICRA process.

               
               
               
               
                  Key Point

                  
                     
                     
                     It is important to
                        control airborne dust from construction (and thereby
                        also airborne mold-spore levels inside the construction
                        containment area). Higher levels of airborne
                        contamination tend to increase the amount of dust that
                        leaves the containment site when doors are open and
                        workers leave the site. HEPA filters used on containment
                        exhaust are very efficient, but they are not 100%
                        effective. The higher the dust levels are in the
                        containment area, the more dust passes with the
                        exhausted air through the filter and out of the
                        construction containment area.

                     
                     

               
               
               
               Prevent debris from accumulating on
                  the floor and control dust levels with good housekeeping practices, such as the
                  use of HEPA-filtered vacuums. A HEPA-filtered vacuum should have a filter
                  certified to capture 0.3-micron particles at a minimum efficiency of 99.97%.
                  There should be gasket seals on the filter to ensure that air cannot bypass the
                  filter.

               
               
               
               Filters that are added to shop vacuums as aftermarket
                  modifications or that claim HEPA-filtration capabilities without certification may
                  not deliver the level of filtration and protection of a true HEPA-filtered vacuum.
                  These filters may have leaks, or the design may allow air to be pulled though seals
                  that are damaged or not seated properly.

               
               
               
               Using HEPA-filtered vacuums will help to reduce the
                  airborne dust levels inside the containment area. A fine water mist can also help
                  clean fine dust from the air. Additional negative air machines set up inside the
                  containment area recirculate and scrub the air within.

               
               

            
            

         
         
         
         
            
            
            Barrier Systems

            
            
            
            
               
               
               
               Barrier systems may be used to contain dust generated during
                  construction along with any potentially infectious microorganisms. They may be
                  constructed of flame-retardant plastic sheeting, rigid plastic panels, or drywall
                  board.

               
               
               
               In addition to physical containment barriers,
                  exhausting air from the contained construction space can create negative pressure
                  in
                  the contained space relative to adjacent occupied spaces. This results in airflow
                  from clean adjacent spaces into the contained workspace and then out the exhaust.
                  The exhaust may be to the outdoors or directed back into the building after it
                  passes through a HEPA filter.

               
               
               
               
                  Key Point

                  
                     
                     
                     When designing the
                        construction containment, it is important to consider the
                        building’s life safety equipment and requirements.
                        Annunciators for fire alarms, alarm pull stations, and
                        sprinkler heads may need to be relocated if the containment
                        will cover or otherwise interfere with their operation.
                        Ensure that sufficient width remains in corridors, after
                        containment construction, for patient transport as well as
                        to meet code requirements for emergency egress.

                     
                     

               
               

            
            

         
         
         
         
            
            
            Considerations for Outdoor Projects

            
            
            
            
               
               
               
               Construction work outside the healthcare
                  facility can generate increased airborne contaminants, which may be drawn into
                  the facility through mechanical ventilation fresh air intakes, open doors and
                  windows, and occupant traffic. Consider the location of building air intakes,
                  occupant walkways, and windows and doors relative to nearby demolition or
                  excavation projects as a part of the ICRA. It may be prudent to temporarily
                  relocate pedestrian walkways or increase the level of filtration for ventilation
                  fresh air intakes. Adding filtration to the intakes and filter loading due to
                  higher-than-typical airborne dust levels can restrict airflow and negatively
                  affect the operation of the ventilation system. For a short-duration project, it
                  may be possible to close the ventilation system’s outside air intakes near the
                  project.

               
               
               
               Water sprays can control
                  airborne dust emissions from demolition or excavation. Water used for dust
                  control should be potable to minimize the potential for aerosolizing possible
                  pathogens or endotoxins from microbial contaminants in non-potable
                  water.

               
               

            
            

         
         
         
         
            
            
            Risk Mitigation during Maintenance

            
            
            
            
               
               
               
               Maintenance and engineering department
                  responsibilities may vary widely, based on facility size, type, and
                  capabilities. However, the following list provides typical responsibilities of
                  the department with regard to normal maintenance responsibilities:

               
               
               
               
                  
                  
                  	
                     
                     
                     Equipment repair and
                           maintenance varies broadly but would typically include patient
                        beds, tables, and other furniture; wheelchairs; and scales, sterilizers,
                        and other laboratory equipment.

                     
                     

                  
                  
                  
                  	
                     
                     
                     System maintenance
                           and repair may include pneumatic tube, nurse call and code blue,
                        duress, access control, and fire alarm systems as well as elevators and
                        other lifts.

                     
                     

                  
                  
                  
                  	
                     
                     
                     HVAC systems are
                        critical to a safe environment; these include air supply, return, and
                        exhaust systems as well as heating, cooling, and humidification and
                        filtration systems.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Utility systems
                           management includes, in addition to the HVAC equipment noted
                        above, the following:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Electrical system and emergency power
                              systems

                           
                           

                        
                        
                        
                        	
                           
                           
                           Medical gas systems, including oxygen,
                              medical air, nitrogen, and medical vacuum as well as piped
                              anesthesia gases

                           
                           

                        
                        
                        
                        	
                           
                           
                           Potable water and wastewater systems

                           
                           

                        
                        
                        
                        	
                           
                           
                           Boiler, steam, and hot water systems

                           
                           

                        
                        
                        
                        	
                           
                           
                           Pager and communication systems

                           
                           

                        
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Facility
                           infrastructure maintenance and repair includes elements such as
                        roofing, window systems, flooring, ceiling and walls, and doors and
                        hardware.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Grounds and
                           landscaping
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Building renovations
                           and alterations typically include planning, design, and
                        construction activities, though the responsibility for this work varies
                        greatly. The IP must understand the processes that frame this work so
                        they can provide the appropriate input.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Emergency
                           preparedness programs are typically collaborative efforts, but
                        the maintenance and engineering (MAE) management and staff will play a
                        leading role, as the systems noted above are important to such
                        programs.

                     
                     

                  
                  

               
               
               
               
                  Key Point

                  
                     
                     
                     Many of the IPC
                        considerations with regard to maintenance activities are
                        the same as those for construction and providing a safe
                        care environment. It is important that maintenance and
                        engineering personnel be aware of the risks that may be
                        encountered when maintaining the various systems for
                        which they are responsible; they should also wear
                        appropriate PPE and conform with all applicable standard
                        and transmission-based precautions.

                     
                     

               
               

            
            

         
         
         
         
            
            
            Monitoring the Effectiveness of Mitigation
               Efforts

            
            
            
            
               
               
               
               Laser particle counters are recommended for
                  monitoring the effectiveness of the construction containment. A significant
                  increase in airborne particle counts near the construction containment, relative
                  to the surrounding background levels, may indicate a breach or leak. There are
                  no established safe or unsafe particle levels to use for comparison and the
                  level of particles in the air will vary with the amount of activity in the area,
                  but using the counter as a “sniffer” can guide the user to possible sources of
                  elevated particle counts. Particle counters are also useful to verify whether
                  HEPA filters in vacuums and negative air machines are working properly. Many
                  particle counters will operate in an automatic mode, periodically taking and
                  logging samples. This makes for an effective method to monitor the effectiveness
                  of the containment controls over extended periods.

               
               
               
               
                  Key Point

                  
                     
                     
                     The CDC does not
                        recommend sampling for airborne microbial contaminants
                        before, during, or after construction projects. However,
                        it does recommend active surveillance to monitor for
                        airborne infections in immunocompromised patients as
                        well as a periodic review of laboratory results and
                        postmortem data to identify additional cases of airborne
                        infection that are possibly related to construction
                        activities. When air sampling for microbial levels is
                        necessary, the sampling campaign must be well designed,
                        by an experienced individual, so that it addresses the
                        complexities inherent in conducting and interpreting the
                        results.

                     
                     

               
               

            
            

         
         
         
         
            
            
            Commissioning

            
            
            
            
               
               
               
               Guidelines place an emphasis on commissioning,
                  which is a process that verifies delivery of new construction according to contract
                  specifications. This happens before the new construction is accepted by the owner.
                  Commissioning for ventilation equipment requires identifying acceptance criteria
                  that permit the verification of critical ventilation specifications for air balance
                  and filtration before the owner accepts “delivery,” often referred to as testing,
                  adjusting, and balancing.

               
               
               
               
               Before the project is turned over to the
                  owner, air quality should be measured. One way to measure total air particulates is
                  the use of electronic monitors or particle counters, which ensure that the system
                  is
                  delivering air quality according to specifications. This method is being considered
                  more frequently but is not considered routine testing.

               
               
               
               No current recommendations or regulations
                  exist regarding the frequency of checking the effectiveness of filters. One source
                  suggests six months as reasonable; another strongly suggests certification and
                  recertification of operating room HVAC and filtration systems. The Joint Commission,
                  in their 2009 environment-of-care standards, states that the facility:

               
               
               
               
                  
                  identifies in writing inspection and maintenance activities for all operating
                     components of utility systems [and] identifies in writing the intervals for
                     inspecting, testing, and maintaining all operating components of the utility
                     systems on the inventory, based on criteria such as manufacturers’
                     recommendations, risk levels, or hospital experience.

                  

               
               
               
               Monitoring the need to change or clean
                  filters more frequently is important during new construction or renovation.

               
               

            
            

         
         
   
      
         
         
         
         Course Bibliography

         
         
         
            	
               The cumulative course bibliography has moved
                  online. For a PDF copy, please consult the Resource Center in the online Learning
                  System.

            

         

         
         
   
      
         
         
         Long Description Appendix

         
         
            
            This appendix provides more detailed descriptions for some of the images found in
               the text. Return to the image location in the text by clicking the link at the end
               of each description.

            
            
            
               
               Exhibit 5-6: Reprocessing Endoscopes
[image: A circular diagram illustrating the four major steps in endoscope reprocessing. Read long description below.]
                  
                  
                  This diagram shows the circular process of reprocessing an endoscope in four
                     steps:

                  
                  
                  
                  
                     
                     	
                        
                        Cleaning:

                        
                        
                        
                           
                           	
                              
                              
                              In the procedure room, the endoscope is immediately
                                 precleaned at the point of use.

                              
                              

                           
                           
                           	
                              
                              
                              In the preprocessing area, it is tested for leaks.

                              
                              
                              
                              
                                 
                                 	
                                    
                                    
                                    If it fails, it is set aside for repair.

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    If it passes, manual cleaning is done in three steps:
                                       remove all detachable parts, clean, and rinse.

                                    
                                    

                                 

                              
                              

                           

                        

                     
                     
                     	
                        
                        Disinfection:

                        
                        
                        
                           
                           	
                              
                              
                              A disinfection method is chosen: either automated or
                                 manual.

                              
                              

                           
                           
                           	
                              
                              
                              The device is then rinsed with alcohol and checked for visual
                                 clarity.

                              
                              

                           

                        

                     
                     
                     	
                        
                        Drying:

                        
                        
                        
                           
                           	
                              
                              
                              All channels are purged with forced air until dry.

                              
                              

                           
                           
                           	
                              
                              
                              The endoscope is either reused immediately or moved to
                                 storage.

                              
                              

                           

                        

                     
                     
                     	
                        
                        Storage:

                        
                        
                        
                           
                           	
                              
                              
                              The endoscope is hung with accessories and all detachable
                                 parts are replaced.

                              
                              

                           

                        

                     

                  
                  
                  
                  The process ends with the endoscope ready for reuse on the next patient.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 5-11: Infection Control Construction Permit
[image: A form titled “Infection Control Construction Permit” used to assess and authorize construction work in healthcare settings. Go to long description for more details.]
                  
                  
                  The form includes fields for:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Location of construction

                        
                        

                     
                     
                     	
                        
                        
                        Project coordinator and contact info

                        
                        

                     
                     
                     	
                        
                        
                        Contractor and supervisor

                        
                        

                     
                     
                     	
                        
                        
                        Permit number, start date, expiration date, and duration

                        
                        

                     

                  
                  
                  
                  The form outlines four types of construction activities:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Type A: Inspection, non-invasive

                        
                        

                     
                     
                     	
                        
                        
                        Type B: Small scale, short duration

                        
                        

                     
                     
                     	
                        
                        
                        Type C: Moderate to high dust, longer work shift

                        
                        

                     
                     
                     	
                        
                        
                        Type D: Major, consecutive shifts

                        
                        

                     

                  
                  
                  
                  And four infection control risk groups:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Group 1: Low risk

                        
                        

                     
                     
                     	
                        
                        
                        Group 2: Medium risk

                        
                        

                     
                     
                     	
                        
                        
                        Group 3: Medium/High risk

                        
                        

                     
                     
                     	
                        
                        
                        Group 4: Highest risk

                        
                        

                     

                  
                  
                  
                  Each risk group corresponds to Class I through IV precautions, which
                     list specific infection control steps such as sealing doors, using HEPA
                     filters, disinfecting surfaces, and isolating HVAC systems.

                  
                  
                  
                  The form also includes sections for:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Additional requirements

                        
                        

                     
                     
                     	
                        
                        
                        Dates and initials for authorization

                        
                        

                     
                     
                     	
                        
                        
                        Exceptions or additions to the permit

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 5-9: Waste Management Flowchart
[image: This flowchart outlines the segregation and disposal of waste generated from medical procedures. Go to long description for more details.]
                  
                  
                  The flowchart path is as follows:

                  
                  
                  
                  
                     
                     	
                        
                        New or reused products are used in a medical
                           procedure.

                        

                     
                     
                     	
                        
                        This results in waste, which reaches the
                           point of waste generation or segregation.

                        

                     
                     
                     	
                        
                        At this point, waste is sorted into:

                        
                        
                        
                           
                           	
                              
                              
                              Municipal solid waste

                              
                              

                           
                           
                           	
                              
                              
                              Recyclable and reusable materials, which may be
                                 reused in procedures

                              
                              

                           
                           
                           	
                              
                              
                              Infectious or regulated waste (outlined in a
                                 green box)

                              
                              

                           

                        

                     

                  
                  
                  
                  Within infectious or regulated waste, there are three
                     categories:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Bulk liquids: Collected, solidified, and
                           treated

                        
                        

                     
                     
                     	
                        
                        
                        Solid waste: Placed in regulated medical waste
                           containers

                        
                        

                     
                     
                     	
                        
                        
                        Sharps: Collected in sharps containers, which
                           are then placed into regulated medical waste
                           containers

                        
                        

                     

                  
                  
                  
                  The chart visually reinforces that proper segregation and
                     containment methods are essential for managing
                     medical waste safely and compliantly.

                  
                  
               
               Go to image in text.
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Environmental Services Checklist for Daily Cleaning

Date: / / Unit: Room number:

Initials of EVS staff (optional):
Evaluate the following priority sites for each resident room:

Not Not Present
High-Touch Room Surfaces Cleaned | Cleaned in Room

Bed rails/controls

Wheelchair, walker, and/or cane handles

Tray table

IV pole (grab area)

Call box/button

Telephone

Bedside table handle

Chair

Room sink

Room light switch

Room inner door knob

Bathroom inner door knob/plate

Bathroom light switch

Bathroom handrails by toilet

Bathroom sink

Shower faucet handle and handrails

Shower stall

Toilet seat

Toilet flush handle

Toilet bedpan cleaner

IV pump control

Multi-module monitor controls

Multi-module monitor touch screen

Multi-module monitor cables

Ventilator control panel

Mark the monitoring method used:
[ ] Direct observation [] Fluorescent gel
[] Swab cultures [] ATP system [] Agar slide cultures
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Infection Control Construction Permit

| Permit No:

Location of Construction:

Project Start Date:

Project Coordinator:

Estimated Duration:

Contractor Performing Work

Permit Expiration Date:

Supervisor:

Telephone:

YES | NO CONSTRUCTION ACTIVITY

YES | NO INFECTION CONTROL RISK GROUP

TYPE A: Inspection, non-invasive activity

GROUP 1: Low Risk

TYPE B: Small scale, short duration,
moderate to high levels

GROUP 2: Medium Risk

TYPE C: Activity generates moderate to high levels of
dust, requires greater 1 work shift for completion

GROUP 3: Medium/High Risk

TYPE D: Major duration and construction activities
Requiring consecutive work shifts

GROUP 4: Highest Risk

CLASSI 1. Execute work by methods to minimize raising dust from
construction operations.

2.  Immediately replace any ceiling tile displaced for visual
inspection.

3. Minor Demolition for Remodeling

CLASSII 1. Provides active means to prevent air-borne dust from
dispersing into atmosphere

6.  Contain construction waste before transport in tightly
covered containers.

CLASS IIT 2.  Isolate HVAC system in area where work is being done to
prevent contamination of the duct system.

3. Complete all critical barriers or implement control cube
method before construction begins.

Date 4. Maintain negative air pressure within work site utilizing

HEPA equipped air filtration units.

Do not remove barriers from work area until complete
project is checked by Infection Prevention & Control and
thoroughly cleaned by Environmental Services.

Initial 5.

2. Water mist work surfaces to control dust while cutting. 7. Wet mop and/or vacuum with HEPA filtered vacuum

3. Seal unused doors with duct tape. before leaving work area.

4.  Block off and seal air vents. 8. Place dust mat at entrance and exit of work area.

5. Wipe surfaces with cleaner/disinfectant. 9. Isolate HVAC system in areas where work is being
performed; restore when work completed.

1. Obtain infection control permit before construction begins. 6.  Vacuum work with HEPA filtered vacuums.

7. Wet mop with cleaner/disinfectant

8. Remove barrier materials carefully to minimize
spreading of dirt and debris associated with
construction.

9.  Contain construction waste before transport in
tightly covered containers.

10. Cover transport receptacles or carts. Tape covering.

11.  Upon completion, restore HVAC system where work
was performed.

CLASS IV 2.  Isolate HVAC system in area where work is being done to
prevent contamination of duct system.
3. Complete all critical barriers or implement control cube

method before construction begins.
Date 4.  Maintain negative air pressure within work site utilizing

HEPA equipped air filtration units.

Seal holes, pipes, conduits, and punctures appropriately.

6.  Construct anteroom and require all personnel to pass
through this room so they can be vacuumed using a HEPA
vacuum cleaner before leaving work site or they can wear
cloth or paper coveralls that are removed each time they
leave the work site.

Initial

W

7. All personnel entering work site are required to wear shoe
covers.

1. Obtain infection control permit before construction begins.

8. Do not remove barriers from work area until completed
project is checked by Infection Prevention & Control
and thoroughly cleaned by Environmental. Services.

9. Vacuum work area with HEPA filtered vacuums.

10. Wet mop with disinfectant.

11. Remove barrier materials carefully to minimize
spreading of dirt and debris associated with
construction.

12. Contain construction waste before transport in tightly
covered containers.

13. Cover transport receptacles or carts. Tape covering.

14.  Upon completion, restore HVAC system where work
was performed.

Additional Requirements:

Date Initials

Exceptions/Additions to this permit
Date Initials  are noted by attached memoranda

Permit Request By:

Permit Authorized By:

Date:

Date:






