
CDC- NPPTL - Considerations for Selecting Protective Clothing used in Healthcare for Protection against Microorganisms in Blood and Body Fluids

http://www.cdc.gov/niosh/npptl/topics/protectiveclothing/[12/9/2015 12:37:42 PM]

The National Personal Protective Technology Laboratory (NPPTL)

NIOSH > NPPTL

Considerations for Selecting Protective Clothing used in
 Healthcare for Protection against Microorganisms in Blood
 and Body Fluids

On this Page

Background

Selecting Protective

 Clothing

Current Healthcare

 Protective Clothing

 Standards and

 Specifications

References

Additional Reading

Appendix

 Background
Healthcare workers can be exposed to biological fluids that are

 capable of transmitting diseases. Those diseases, which are

 caused by a variety of microorganisms such as, Hepatitis B

 virus (HBV), Hepatitis C virus (HCV), Ebola Virus, and Human

 Immunodeficiency Virus (HIV) can pose significant risks to life

 and health. Healthcare workers wear protective clothing (e.g.,

 surgical gowns, isolation gowns, and coveralls) to protect both

 patients and themselves from the transfer of microorganisms

 by blood and body fluids. A common misunderstanding among

 many end-users is that they are protected from blood, body

 fluids, and other potentially infectious materials when they

 wear any type of fluid-resistant garment. This document

 provides an overview of scientific evidence and information on national and international

 standards, test methods, and specifications for fluid-resistant and impermeable gowns and

 coveralls used in healthcare. This document focuses on selecting protective clothing

 primarily on the basis of their barrier properties; it does not address all aspects of garments

 related to their design, integrity, durability, comfort, and functionality.

Classifying Worker Exposure to Blood-borne Pathogens
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As with any type of personal protective equipment (PPE), the key to proper selection and use

 of gowns and coveralls is to understand the hazards and the risk of exposure. The Centers

 for Disease Control and Prevention (CDC) has categorized three primary routes of

 transmission: (i) contact (direct and indirect), (ii) respiratory droplets, and (iii) airborne droplet

 nuclei [Siegel 2007]. Contact transmission is generally the most common and direct contact

 occurs when microorganisms transfer directly from one person to another. Airborne

 transmission occurs by dissemination of either airborne droplet nuclei or small particles in

 the respirable size range containing infectious agents. Droplet transmission refers to

 respiratory droplets generated through coughing, sneezing or talking. By using appropriate

 protective clothing, it is possible to create a barrier to eliminate or reduce contact and droplet

 exposure, and therefore prevent the transfer of microorganisms between patients and

 healthcare workers. This document provides information about protective clothing standard

 test methods and classification standards when the transmission of the microorganisms is

 through direct contact with blood or body fluids. Direct contact can occur through broken skin

 or mucous membranes in located areas such as the eyes, nose, or mouth. In addition to

 blood, other body fluids can include (but are not limited to) urine, saliva, sweat, feces, vomit,

 breast milk, and semen.

Employers should conduct a thorough risk assessment first to identify potential exposures to

 blood and body fluids. The risk of exposure sometimes depends on the stage of the disease

 and severity of symptoms. For example, for Ebola virus disease, severe symptoms are

 strongly associated with high levels of virus production. In addition, close contact with the

 patient and invasive medical care can increase opportunities for transmission. This should

 be considered during the risk assessment, such as in the case of Ebola virus disease, as

 Ebola patients can release large volumes (as much as 8 liters/day) of body fluids (vomit,

 diarrhea) [Kreuels 2014]. A complete assessment of the risks is outside the scope of this

 document, but resources are available. For example, the Association for the Advancement of

 Medical Instrumentation (AAMI) published a guidance document on selection and use of

 protective apparel in healthcare facilities, Technical Information Report (TIR) 11  [AAMI

 2005]. Some of the factors important to assessing the risk of exposure in health facilities

 include source, modes of transmission, pressures and types of contact, and duration and

 type of tasks.

 Selecting Protective Clothing

Barrier Properties of Protective Clothing

Once the hazard and the risks of exposure are identified, gown and coverall selection can be

 guided by current scientific understanding of how protective clothing materials provide

 protection against microorganisms in blood and body fluids. A microorganism’s movement

http://marketplace.aami.org/eseries/scriptcontent/docs/Preview%20Files/TIR110511preview.pdf
http://marketplace.aami.org/eseries/scriptcontent/docs/Preview%20Files/TIR110511preview.pdf
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 through protective clothing materials depends upon several factors, including the following:

Physical and chemical properties of the fabric: Includes factors such as thickness

 pore size, and repellency.

Shape, size, and other characteristics of the microorganisms: Includes factors such

 as morphology, motility, and adaptation to environmental extremes.

Characteristics of the carriers: Includes factors such as surface tension, volume, and

 viscosity.

External factors: Includes factors such as physical, chemical, and thermal stresses.

Several different microorganisms have been found in healthcare settings, including bacteria,

 viruses, and some fungi. The shape and size of microorganisms varies, and this will affect

 their ability to move through a fabric structure. In general, fungi are larger than bacteria, and

 bacteria are larger than viruses. For instance, HIV virus is spherical and 100–120

 nanometers (nm) in diameter. The Ebola virus is a single-stranded RNA virus with a

 filamentous shape, a median particle length ranging from 974 nm to 1,086 nm and average

 80 nm in diameter.

Microorganisms are transported by carriers such as body fluids, sloughed skin cells, lint, dust,

 and respiratory droplets. A significant number of microorganisms can be carried in a very

 minute volume of blood or body fluids, which may not be visible to the naked eye (see Figure

 1). For example, the number of infectious units of Hepatitis B in a 0.1-microliter (µL) droplet

 is 10,000, which is why it is highly infectious and easily transferrable. Ebola virus RNA levels

 in blood also increase rapidly during the acute phase of the illness. One study reported an

 average peak titer of 3.4 x 10  RNA copies per 0.1 µL (i.e., 34 times higher than the

 concentration of Hepatitis B) for cases associated with a fatal outcome [Towner 2004].

 Several studies [Brown 1992; Kotilainen et al. 1992; Shadduck et al. 1990; McCullough

 1993] have also reported that when liquid containing microorganisms penetrate a material,

 microorganisms are carried with it, and penetration is possible without liquid being visible.

 Because of this, standardized test methods must be sensitive enough to detect

 microorganism penetration, since this is the only way to determine if microorganism

 penetration has occurred in any part of the garment, including the seams.
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Figure 1: Bloodborne pathogen strikethrough (penetration) conversion chart. (This

 chart converts the amount of strikethrough to the amount of potential bloodborne

 pathogen contamination. The four spots at the top were formed from premeasured

 droplets of synthetic blood and marked in microliters (µL) ranging from 100 µL to 0.1

 µL. Adapted with permission from AAMI TIR 11:2005, “Selection and use of protective

 apparel and surgical drapes in health care facilities.”

Terminology

One challenge that employers such as hospitals and pre-hospital emergency care

 organizations face is selecting the most appropriate protective clothing for healthcare

 workers based on the recommendations, practices, and regulations. This challenge is

 complex because there are several terms (e.g., fluid-resistant, fluid-proof, impermeable, and

 impervious) used in the industry to define barrier resistance properties of garments. The term

 “fluid-resistant” usually refers to fabrics that resist liquid penetration, but may allow

 penetration with pressure. According to Taber’s Cyclopedic Medical Dictionary,

 “impermeable” means not allowing passage, as of fluids; impenetrable [Thomas 1997].

 Calling a fabric “impermeable” or “impervious” usually means that the fabric prevents liquids

 or microorganisms from penetrating. Impermeable could be in reference to water, to blood,

 to viruses, or to all. The terms “impervious” and “impermeable” are often used

 interchangeably. Unfortunately, there is no industry consensus for using these terms.

 Therefore, manufacturers usually provide fabric or garment specifications associated with

 the standard test methods or standard classifications. In addition, due to the misleading use

 of these terms, the FDA does not approve marketing surgical gowns or drapes with

 “impervious,” “impermeable,” “fluid repellant” or “fluid-resistant” labeling claims.

Evidence-based guidance is needed in order to define these terms to improve communication
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 among employers/purchasers and gown and coverall manufacturers/suppliers. In this

 document, we use the term “fluid-resistant” to apply to protective clothing tested against

 water as the liquid challenge and reserve the use of the term “impermeable” to materials that

 have demonstrated blockage of microorganisms using a recognized standard test method

 (discussed later).

Design of Protective Clothing: Gown vs. Coverall

Employers should consider the garment design as part of their selection process.

 Unfortunately, no clinical studies have been done to compare the efficacy of gowns vs.

 coveralls. Both have been used effectively by healthcare workers in clinical settings during

 patient care. Thus, other factors need to be considered when comparing gowns and

 coveralls during the selection process. While the material and seam barrier properties are

 essential for defining protection, the coverage provided by the material used in the garment

 design, as well as certain features including closures, will greatly affect protection. For

 example, a coverall with a front zipper closure could result in the compromise of barrier

 protection if the ordinary cloth and plastic zipper used in its construction is not covered with a

 flap of barrier material that can be sealed to the garment. Similarly, most of the surgical

 gowns rated for high levels of barrier protection may include the high-performance barrier

 materials in only certain portions of the gown (sleeves and front panel). This is especially

 important when contact from hazardous/contaminated fluids can come from multiple

 directions.

In general, there is a significant difference between the design of traditional coveralls and

 isolation/surgical gowns. Although coveralls typically provide 360-degree protection because

 they are designed to cover the whole body, including back and lower legs and sometimes

 head and feet as well, the design of surgical/isolation gowns do not provide continuous

 whole-body protection (e.g., possible openings in the back, coverage to the mid-calf only)

 (see Figure 2).

 

Figure 2: Examples of a typical coverall and an isolation gown.
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Gowns, on the other hand, are relatively easier to put on and, in particular, to take off. They

 are generally more familiar to healthcare workers and hence more likely to be used and

 removed correctly. These factors also facilitate training in their correct use. During patient

 care, the risk of the anticipated exposure is typically in the area of front chest and sleeves,

 thus gowns are used frequently in health care. The level of heat stress generated due to the

 added layer of clothing is also expected to be less for gowns than coveralls due to several

 reasons, which include the openings in the design of gowns and total area covered by the

 fabric. For gowns, it is important to have sufficient overlap of the fabric so that it wraps

 around the body to cover the back (ensuring that if the wearer squats or sits down, the gown

 still protects the back area of the body).

Critical Fabric and Clothing Properties

Employers should consider some of the critical fabric and clothing properties (e.g., strength

 properties of the fabric and seams [e.g., tensile strength and seam strength], barrier

 properties of seams/closures, size of the garment, etc.) when selecting the appropriate

 protective clothing. If the fabric or seams and barrier layer on the fabric is not durable

 enough to withstand typical stresses applied during wear or use (e.g., if wrong size garment

 is used), garments may tear during kneeling, reaching, or bending. In addition, garments too

 large for the wearer may catch or snag on objects.

Seams/closures are critical components of the overall barrier protection provided by fluid-

resistant or impermeable garments. It is vital to select the appropriate seam configuration to

 be able to protect from the penetration of blood and body fluids. Several seaming techniques

 are used in the construction of protective clothing, including serged or sewn, bound, taped,

 double taped, and ultrasonic welded. Employers should consider the barrier resistance of

 seams/closures when selecting the appropriate protective clothing in addition to the strength

 properties.

Once a facility selects a specific garment and each healthcare worker knows his or her

 proper garment size, switching to another supplier requires each wearer to determine the

 proper size needed for the specific product model selected. “ANSI/ISEA 101-2014 American

 National Standard for Limited-Use and Disposable Coveralls—Size and Labeling

 Requirements,” includes a sizing chart and a set of exercises in which a user can validate

 that a garment is the proper size, thereby assisting facilities in selecting the appropriate size

 for each wearer.

Donning and Doffng Features of Protective Clothing

The manner in which the clothing is donned and doffed in sequence with other PPE is an

 important consideration when selecting gowns and coveralls. This is critical because the
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 ease or difficulty with which PPE is put on and removed may affect its effectiveness and the

 potential for self-contamination, especially during doffing of contaminated PPE. Donning and

 doffing features included in the selection process should consider the entire PPE ensemble,

 not simply the gown or coverall.

Other Factors

In addition to the barrier resistance properties and other factors discussed above, there are

 other critical characteristics of protective clothing that employers and purchasers must use in

 their decision-making process. These include factors such as compliance with regulatory

 agencies, durability (abrasion resistance, tensile strength, seam strength), comfort

 (breathability, air permeability), flammability, electrostatic properties, cost, availability,

 ergonomics/human factors, and integration with other types of PPE. Of particular importance

 is how the selected gown or coverall will interface with other items of PPE worn by the

 individual healthcare worker, including gloves with the sleeve of the gown or coverall and

 face/eye or respiratory protective equipment with the hood or collar area of the gown or

 coverall. These interfaces are essential to the individual’s overall protection, because the

 overall ensemble of PPE provides their protection.

In selecting gowns and coveralls, further consideration should be given to the physical

 characteristics of the work environment and specific activities of healthcare workers.

 Different physical conditions where gowns or coveralls are used can compromise their

 material and properties of seam barriers. Certain actions, including kneeling or leaning on a

 chair or table contaminated with blood, can result in pressure levels that exceed the levels

 used in the standard test methods. The gowns or coveralls may no longer provide expected

 levels of protection under these conditions.

Review Protective Clothing Manufacturers Data/Information

Gown and coverall manufacturers should be consulted before selections are made to:

review both fabric and garment specifications (including type, strength, and barrier testing

 results of seams) of the protective clothing in consideration;

see if the considered protective clothing is suitable for use in a medical setting;

determine protective clothing design features, including areas of protective coverage and

 features that impact its ability to be effectively integrated with other forms of PPE;

determine if a range of sizes to fit all staff is available;

understand the ease of use (including ease of wear and removal without self-

contamination); and

review all available information on protective clothing including potential limitations,

 availability, and practicality.
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 Current Healthcare Protective Clothing Standards and
 Specifcations
Several fluid-resistant and impermeable protective clothing options are available in the

 market place for healthcare workers. These include isolation gowns, surgical gowns, and

 coveralls. When selecting the most appropriate protective clothing, employers should

 consider all of the available information on recommended protective clothing, including the

 potential limitations. Employers should consult protective clothing manufacturers as needed

 in regards to availability and practicality for their facilities. A key step in this process is to

 understand the relevant standards and test methods. Descriptive information about each

 standard is provided in the body of this document.

Standard Test Methods to Measure Blood and Viral Penetration
 Resistance

When the transmission route is defined as “direct contact transmission”, such as in the case

 of Ebola and HIV, employers should consider gowns and coveralls that demonstrate

 resistance to synthetic blood, as well as passage of virus. Standard test methods can be

 used to evaluate the resistance of fabrics or seams/closures to synthetic blood penetration

 and viral penetration, as described in Table 1.

The United States commonly uses American Society of Testing and Materials International

 (ASTM) methods, while Europe commonly uses International Organization for

 Standardization (ISO) methods.

Table 1. Standard test methods to evaluate the resistance of fabrics to synthetic blood

 and virus penetration

ASTM F1670 and ISO 16603 are “screening-tests” that evaluate the resistance of a material

 to synthetic blood penetration [ASTM 2003a; ISO 2004a]. The synthetic blood used for these

 tests is a mixture of cellulose, coloring, buffer solution, and stabilizing agents. Synthetic

 blood has a surface tension (0.042 ± 0.002 Newton per meter [N/m]) and viscosity

 representative of blood and some body fluids (see Table 2 for surface tension of the body

 fluids).
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Within the context of gowns and coverall testing, the surface tension of the challenge liquid is

 critical. This is because liquids with higher surface tension, like water (0.070–0.072 N/m), are

 more likely to bead on a surface than liquids with lower surface tension, which are more

 likely to wet and penetrate through the garment. Consequently, some test methods that use

 water as a challenge agent may not be representative for evaluating the barrier effectiveness

 of the healthcare PPE and may overestimate the effectiveness of the PPE for blood-borne

 pathogens. Test methods evaluating the water resistance of garments will be discussed later

 in this document.

Table 2: Surface tension values for water, synthetic blood, and human blood and body

 fluids

The viral penetration resistance tests, namely ASTM F1671 and ISO 16604, are similar to

 ASTM F1670 and ISO 16603, but they use a bacteriophage (Phi-X174) challenge

 suspension instead of synthetic blood [ASTM 2003a; ISO 2004b]. At the conclusion of the

 exposure period in the ASTM F1671 or ISO 16604 viral penetration tests, the opposing

 surface of the material is rinsed with an assay fluid, and this fluid is then cultured in the

 presence of the host bacterium, E. coli. Plaques form when a bacteriophage is present, with

 the number of plaques indicating the number of penetrating bacteriophages. Materials pass

 the viral penetration test when no liquid is observed to penetrate the specimen and the E.

 coli bacteriophage is not detected in the assay fluid.

The choice of virus challenge agent in the standard methods is a critical test condition. For

 these test methods, the bacteriophage serves as a surrogate to simulate viruses that are

 pathogenic to humans. Phi-X174 bacteriophage has nearly spherical morphology similar to

 HIV, Hepatitis B, and Hepatitis C. At 27 nm in diameter, it is similar in size and shape to

 Hepatitis C (30 nm in diameter), which is the smallest-known bloodborne viral pathogen.

As mentioned earlier, the size and shape of a virus are believed to affect viral penetration,

 and thus selecting a small virus (27 nm in diameter) would serve as a “worst-case” scenario

 for the barrier material. Smaller particles are expected to more easily pass through pores in

 the fabrics used in barrier materials. Some of the other viruses, such as Ebola virus, are

 larger in diameter compared to Phi-X174. Currently, there is no scientific evidence to

 suggest the Ebola and other larger viruses would be more likely to penetrate through

1
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 protective clothing than a smaller virus.

The amount of pressure applied in the standard methods is another critical test condition. The

 biggest difference between the ASTM and ISO test methods is the pressure levels used

 when conducting test procedures. In ASTM F1670 and ASTM F1671, tests are conducted

 using 13.8 kilopascal (kPa) (2 pounds per square inch [psi]), and the criterion is that no

 penetration should occur. Whereas, in ISO 16603 and ISO 16604, the maximum pressure

 level before any penetration occurs is found by applying increasing pressure levels (0 kPa to

 20 kPa)—14 kPa is the most equivalent pressure to that of the ASTM tests. Note that ISO

 16603 and ISO 16604 are used to classify and rank materials, and they do not relate the

 classification of material barrier performance to any specific circumstances of use.

Penetration (often called strikethrough) can be initiated by an external force acting against

 clothing. The force generated by an external pressure, such as from a pressing or leaning

 motion, is likely one of the major routes of blood penetration, especially in the chest and

 sleeves of protective clothing. These pressures arise when individuals wearing protective

 clothing lean or press on a surface that may be wet with blood or body fluids, such as in the

 case of a healthcare worker leaning against a patient’s bed or an emergency medical

 responder kneeling on a contaminated roadway. Studies have documented a range of

 pressures to which protective clothing is subjected during clinical use. [Altman et al. 1991]

 reported that the pressures exerted on surgical gowns during pressing and leaning in

 surgery can range from 1 psi to 60 psi. Blood penetration has been shown to increase with

 increasing pressure [Granzow et al. 1998].

Although high pressures have been reported, other studies have found that many common

 surgical movements (including leaning, reaching, and arm resting) result in less than 2 psi

 pressure. For example, [Smith et al. 1995] evaluated the pressures generated during a

 variety of surgical procedures and found that most pressures applied to the front of surgical

 gowns are 2.9 psi or less for 15 seconds or less. Another study showed that leaning against

 the operating table caused a pressure of 0.52 psi (3.6 kPa), while reaching for an instrument

 showed the greatest (0.70 psi, which equals 4.8 kPa) [Smith and Nichols 1991]. The greatest

 pressure seen during any maneuver was 1.84 psi (12.7 kPa) while reaching. Smith and

 Nichols estimated representative abdominal pressures during surgical procedures to be

 between 0.25 and 2.0 psi.

Others have looked at the areas where blood/body fluid penetration occurs through the

 garment. One study found that blood penetration was most common on the chest, forearm,

 and abdomen, and was correlated with the areas of highest exposure and pressure

 [Quebbeman et al. 1992]. Others have noted that the cuff, forearm, thigh, chest, and

 abdomen are most vulnerable to blood strikethrough [Pissiotis et al. 1997]. Studies suggest

 that if a liquid is in prolonged contact with a fabric, prewetting can occur, and this can result
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 in the fabric’s decreased resistance to penetration [Flaherty et al. 1993; Olderman 1984].

The viral penetration of surgical gowns by HIV has been compared with the soak-through

 point (the point at which fluid visibly soaks through the fabric) by multiple investigators [Tyler

 et al. 1989; Shadduck et al. 1990]. It was reported that HIV could penetrate some surgical

 gown materials in common use at the time of the studies, and HIV penetration was

 sometimes noted in the absence of visible soak-through. This is important to remember,

 because end-users can often have a false sense of security when they see no visible

 penetration in their garments.

The conditions of the ASTM F1671 test require subjecting barrier material specimens in a

 special test cell to the viral challenge for one hour, with the sixth minute of the exposure at

 13.8 kPa (2 psi) for one minute. These conditions were selected because they are used in a

 related method, “ASTM F903 Standard Test Method for Resistance of Materials Used in

 Protective Clothing to Penetration by Liquids,” which assesses liquid chemical penetration

 through protective clothing materials. Research at Kansas State University [McCullough and

 Schoenberger 1992] was performed to show how these test conditions best correlated with a

 human factors evaluation where visible blood strikethrough occurred. This is referred to as

 the elbow lean test.

Performance Requirements for Protective Clothing

This technical report is structured to be as broad as possible in listing multiple test methods

 with minimum performance requirements in order to maximize the potential that an employer

 will find appropriate data from different manufacturers. However, it is important to note that

 different test methods, while similar, do not yield the same absolute results due to

 differences in test equipment, conditions, and procedures. These particular

 methods/standards have been selected because they are broadly used in the industry and

 current international protective clothing classification standards to describe the performance

 levels provided by garments and to differentiate the protection levels provided. Employers

 should be aware that garments qualifying under different standard methods may in fact

 provide different levels of protection. Limited information is available to compare different

 products using these test methods.

Standards are available to define the performance requirements for clothing or clothing

 materials used to protect against infectious agents. ANSI/AAMI PB70 , EN 13795, EN

 14126, and NFPA 1999 are examples of standards frequently used in the United States and

 Europe. ANSI/AAMI PB70 is used to classify the garments used in the healthcare industry,

 such as surgical and isolation gowns. Typically, EN 14126 is used for protective coveralls,

 and EN 13795 is used for surgical gowns. NFPA 1999-2013 is primarily intended for

 emergency medical first responders, but its scope also covers medical first receivers.

http://marketplace.aami.org/eseries/scriptcontent/docs/Preview%20Files/pb700310preview.pdf
http://marketplace.aami.org/eseries/scriptcontent/docs/Preview%20Files/pb700310preview.pdf


CDC- NPPTL - Considerations for Selecting Protective Clothing used in Healthcare for Protection against Microorganisms in Blood and Body Fluids

http://www.cdc.gov/niosh/npptl/topics/protectiveclothing/[12/9/2015 12:37:42 PM]

ANSI/AAMI PB70:2012—“Liquid barrier performance and classifcation
 of protective apparel and drapes intended for use in healthcare
 facilities”

In the United States, ANSI/AAMI PB70 establishes a system of classification for protective

 apparel (including surgical gowns and isolation gowns) used in healthcare facilities, based

 on their liquid barrier performance. It also specifies labeling requirements and test methods

 for determining the compliance of protective apparel labeled with liquid barrier claims or

 liquid-borne microbial barrier claims. The ANSI/AAMI PB70 was accepted by the FDA in

 2004.

The ANSI/AAMI PB70 standard includes four standard tests to evaluate the barrier

 effectiveness of surgical gowns, isolation gowns, and surgical drapes. Based on the results

 of these standardized tests, four levels of barrier performance are defined, with Level 1 being

 the lowest level of protection, and Level 4 being the highest level of protection. Table 3

 summarizes the requirements of ANSI/AAMI PB70:2012 regarding the classification of

 barrier performance of surgical gowns, isolation gowns, and surgical drapes.

Table 3: ANSI/AAMI PB 70:12 classification of barrier performance of surgical gowns,

 other protective apparel, surgical drapes and drape accessories


Level1

As indicated in Table 3, the requirements for levels 1, 2, and 3 have specific test

 requirements associated with them. Only Level 4 gowns are tested for viral penetration

 resistance, and therefore only Level 4 garments are considered impermeable to viral

 penetration using ASTM F1671. The gowns complying with the lower levels (Level 1, 2, and

 3) cannot be considered impermeable. However, Level 1–3 gowns can provide increasing

 resistance to liquids. ANSI/AAMI PB70 Level 1, 2, and 3 surgical/isolation gown-testing

 requirements only use water as a challenge. Because the surface tension of water is much

 higher than that of blood, blood can penetrate through fabrics more readily than water.

 Therefore, no correlation can be made between AATCC water resistance tests (AATCC 42

 and AATCC 127) and ASTM F1671 viral penetration tests, and consequently, protection

 provided by Levels 1, 2, 3 gowns and that of Level 4 gowns. A common misunderstanding
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 among many end-users is that they are protected from blood, body fluids, and other

 potentially infectious materials (OPIM) when they wear any type of fluid-resistant garment or

 surgical or isolation gown.

The requirements for the design and construction of surgical and isolation gowns are based

 on the anticipated location and degree of liquid contact, given the expected conditions of

 use. ANSI/AAMI PB70:2012 identifies certain areas of surgical and isolation gowns as critical

 zones (see Figure 3) [ANSI 2012]. The critical zones include those areas where direct

 contact with blood, body fluids, and/or OPIM is most likely to occur—even though the areas

 outside of critical zones can inadvertently be splashed or sprayed as well. According to the

 standard, for isolation gowns the whole garment is considered a critical zone due to the

 unpredictable types of potential contact with blood, body fluids, and OPIM. The entire

 isolation gown, including the seams, but excluding the cuffs, hems, and bindings, must

 achieve claimed barrier performance. Open-backed isolation gowns do not meet the critical

 area parameters, and therefore they cannot be rated. For surgical gowns, the critical zone

 comprises at least the front panel (area A) and lower sleeves (area B) (Figure 3). The

 classification of the surgical gown is based on the lower performing component of the two.

 According to the standard, the back of the gown (area D) can be non-protective. However,

 the entire front of the gown (areas A, B, and C) is required to have a barrier performance of

 at least Level 1. Therefore, the areas outside of critical areas in the front of gown (i.e.,area

 C) can be Level 1 even though the whole gown is classified as Level 4 surgical gown.

 Therefore, using a surgical gown in isolation settings may not provide appropriate protection.

 

Figure 3: Critical zones defined for surgical gowns and isolation gowns in ANSI/AAMI

 PB70. Adapted with permission from ANSI/AAMI PB70:2012, “Liquid barrier

 performance and classification of protective apparel and drapes intended for use in
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 health care facilities.”

ANSI/AAMI PB70 was referenced in another standard for surgical gowns, ASTM F2407

 Standard Specification for Surgical Gowns Intended for Use in Healthcare Facilities. In

 addition to ANSI/AAMI PB70 barrier resistance testing requirements, this standard

 specification also establishes physical property and comfort requirements including tensile

 strength, seam strength, tear resistance, lint generation, evaporative resistance, and

 moisture vapor transmission rate, mainly for reporting purposes only [ASTM 2407 2006].

EN 13795—“Surgical drapes, gowns and clean air suits, used as
 medical devices for patients, clinical staff and equipment. General
 requirements for manufacturers, processors and products, test
 methods, performance requirements and performance levels”

EN 13795 is a European recognized standard of quality and conformance to manufacturing,

 testing and performance specifications for single-use and multiple-use surgical gowns,

 drapes, and clean-air suits. The standard was developed to assist healthcare professionals

 in making informed decisions when selecting the appropriate product for the anticipated

 tasks by specifying a consistent basis for testing and providing a common understanding of

 barrier properties. EN 13795 categorizes products by performance type: high performance

 versus standard performance gown classes. It then further subdivides them into critical and

 less critical product areas as in ANSI/AAMI PB70 (critical zones in surgical gowns).

EN 13795 also describes the standardized and harmonized barrier test methodologies that

 single-use and multiple-use surgical gowns must undergo. Table 4 shows EN 13795 specific

 performance requirements for surgical gowns. In addition to these tests, EN 13795 requires

 other characteristics be tested, including microbial and particulate matter cleanliness, linting,

 bursting strength (dry and wet), and tensile strength (dry and wet). However, performance

 requirements for these characteristics are the same for both standard-performance and high-

performance surgical gowns, and critical and less-critical areas.

Note that EN 13795 is aimed to protect the patient; therefore, within the context of the

 European standard, the products conforming to this standard are considered medical

 devices. If a product is designed to be PPE rather than a medical device, the product has to

 comply with the corresponding directive 89/686/EEC (protective clothing) and standard “EN

 14126 Performance requirements and tests methods for protective clothing against infective

 agents.” EN 14126 has various classes for most performance requirements; therefore, if EN

 14126 is specified, then the classes for the performance requirements should also be

 specified.

Table 4. Overview of some of the EN 13795 performance requirements
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Similar to “AATCC 127, Water resistance: hydrostatic pressure test,” “EN 20811 Textiles.

 Determination of resistance to water penetration. Hydrostatic pressure test” evaluates the

 behavior of the fabric structure under constantly increasing hydrostatic pressure. The results

 are expressed in water column (cm), and higher values indicate a better resistance. Note

 that ANSI/AAMI PB70 also cites this method (AATCC 127) for one of the classification

 requirements.

The EN ISO 22612 test method for resistance to dry microbial penetration is designed to

 determine the ability of dry fabric to resist penetration of particles carrying microorganisms.

 The method establishes the quantity of microorganisms that can penetrate through the test

 material while being carried on talcum powder. Test results are expressed in CFU (colony

 forming units) observed on the agar plate.

The EN ISO 22610 test method, used to determine the resistance to wet bacterial

 penetration, evaluates fabric’s resistance to microbial penetration under conditions of liquid

 pooling on the fabric and mechanical rubbing. Test results are expressed in I  “Barrier

 Index.” I =6.0 is the maximum achievable value, and it means no penetration for the purpose

 of the test.

EN 14126—“Performance requirements and tests methods for protective
 clothing against infective agents”

The European standard EN 14126 defines performance requirements for materials in

 protective clothing used to protect from infectious agents. Due to the heterogeneity of

 microorganisms (in terms of size, shape, infectious dose, survival abilities, etc.), the EN

 14126 standard does not define performance criteria for specific types of microorganisms.

 The test methods specified in this standard focus on the medium containing the

 microorganism, such as liquid, aerosol, or solid dust particle.

The EN 14126 standard is typically used for coveralls and it specifies ISO 16603 and ISO

 16604 as test methods used to evaluate the penetration resistance performance of clothing

 materials to contaminated liquids under hydrostatic pressure. Clothing materials are

 classified based on the performance levels achieved by these test methods (see Table 5).

 Note that the pressure level in Class 5 is closest to the pressure levels specified in ASTM

B

B
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 F1670 and ASTM F1671 (13.8 kPa).

Note that EN 14126 specifications for ISO 16603 and ISO 16604 apply only to fabrics used in

 the garments. Both tests could be conducted on the seams as well. In order to be

 appropriately protected from blood and viral penetrations, end users should consult garment

 manufacturers about the seam barrier test results, in addition to the fabric test results.

Table 5: Classification according to EN 14126 of resistance to penetration by blood

 and body fluids using ISO 16603 and ISO 16604 test methods

NFPA 1999—“Standard on Protective Clothing for Emergency Medical
 Operations”

NFPA 1999 was specifically developed to address a range of different clothing items worn by

 emergency medical service first responders, but also applies to medical first receivers. The

 standard includes design criteria, performance criteria, labeling requirements, and test

 methods that address both single-use (disposable) and multiple-use (reusable) emergency

 medical garments, which can be coveralls, multi-piece clothing sets, or partial body clothing.

 The standard uses ASTM F1671 to demonstrate the viral penetration resistance of materials

 and seams, which is supplemented with an overall liquid integrity test for full body clothing.

 The latter test shows whether closures and other aspects of the clothing item design will hold

 out liquid. There are also testing requirements applied to materials and seams for setting

 minimum criteria such as strength and physical hazard resistance. The standard further

 specifies that compliant clothing items be labeled as compliant to the standard and certified

 by an independent certification organization.

Comparison of Test Methods and Classifcation Standards for
 Gowns and Coveralls

Several test methods and performance requirements for barrier resistant gowns and coveralls

 were discussed in this technical document. Test methods for determination of the barrier

 resistance of fabrics such as AATCC 42, AATCC 127, ASTM F1670, ASTM F1671, ISO

 16603, ISO 16604, are used for both coveralls and gowns. In general, for the classification of

 the protective clothing, ANSI/AAMI PB70 and EN 13795 are used for gowns and EN 14126
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 and NFPA 1999 are used for coveralls.

There are several differences between ANSI/AAMI PB70 and EN 13795 surgical gown

 classifications. Because the test methods and performance requirements cannot be

 compared directly, it is difficult to assign equivalency between surgical gowns classified

 according to ANSI/AAMI PB70 (see Table 3) and EN 13795 (see Table 4). Recent PPE

 specifications from the World Health Organization  for Filovirus disease outbreak indicate

 that EN 13795 high performance level gown is most similar to ANSI/AAMI PB70 level 3

 gown.

Similarly, for coveralls it is difficult to compare test methods and performance specifications

 directly. In Europe, the EN 14126 standard typically is used to evaluate and classify coveralls

 used to protect from infectious agents and EN 13795 is used to evaluate and classify

 surgical gowns. Unlike surgical or isolation gowns (ANSI/AAMI PB70), there is no widely

 used classification standard in the United States. Coveralls with materials and seams tested

 against ASTM 1671 are specified in NFPA 1999–2013, Standard on Protective Clothing for

 Emergency Medical Operations. This standard establishes minimum performance

 requirements for single-use emergency medical garments, multiple-use emergency medical

 garments, and other PPE for protection from contact with blood and body-fluid-borne

 pathogens for personnel performing patient care during emergency medical operations

 [NFPA 2013]. While originally designed for pre-hospital healthcare workers, it could be used

 for hospital-based healthcare workers as well.

Thus, the current best approach to comparing coveralls is to use manufacturer supplied test

 data. Many of the same test methods used to estimate barrier protection of gowns (Tables 3

 and 4) can be used for coveralls as well. Table 6 lists some of the commonly used test

 methods for determining the barrier effectiveness of coveralls and describes how the results

 should be interpreted.

Table 6: Commonly used test methods for determination of barrier effectiveness of

 coveralls
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