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INTRODUCTION


By Tim Sandle


Contamination control is of great importance to healthcare facilities and to pharmaceutical cleanrooms. With healthcare, the more immediate concern is with protecting the patient from infection (infection prevention practices aim to eliminate the risk of the transmission of pathogens between patients and between patients and the health care worker). With pharmaceuticals the concern is with avoiding contamination of the product being prepared so that the product is safe for use. Both healthcare facilities (from hospital wards to pharmacy units) and pharmaceutical facilities share a number of similarities, from the importance of hand sanitisation to the control of cleanrooms.





The key interconnecting aspect is the use of cleaning agents (detergents) and disinfectants. Therefore designing an effective cleaning and disinfection programme is a critical part of the contamination control approach. Whilst there are a myriad of different agents on the marketplace, not all are suitable for cleanrooms, hands or hospital wards. To add to this there is a sometimes bewildering choice of different chemicals with different modes of action, many of which are incompatible with  one another. From this there is often ambiguity about how such agents should be used including questions of ‘how often should I use this?’, ‘how do I dilute it?’, ‘how long do I leave it for?’ coupled with confusion over cleaning methods and techniques. In relation to these issues it became clear that there was no book, of smaller size, which addressed these issues for those concerned with keeping hospitals and cleanrooms clean. In light of this, the idea for this book - “The Cleaning and Disinfection Handbook” - was born.





This book has two approaches and two aims. In terms of its aims, the book is designed to provide information of interest to those who work in cleanrooms, for pharmaceutical manufacturing or within a hospital setting, and for those who need to be aware of contamination control issues within health care settings (from the ward to the pharmacy). The book is designed for the specialist and non-specialist alike, and will also be of interest to the general public who have an interest in or concern about how cleanrooms, hospitals and the staff who work within them seek to control contamination through the use of cleaning materials and disinfectants. To help the less experienced reader the book contains a glossary of terms, which can be found at the end of the book.





In terms of the approach, the book aims to balance the theoretical with the practical and the reader will see that most of the chapters marry these two approaches. Most of the chapters begin with an introduction to the science behind what is happening (the microbiology and the chemistry) and then move on to show how such scientific principles can be applied to the ‘real life’ practical  situations in which hospital staff and cleanroom operators deal with each working day. Depending upon the subject matter of the chapter, some chapters lean towards the more theoretical and some towards the more practical. This is shown partially by a short review of each chapter.





In the first chapter of the book Tim Sandle presents an overview of principles and definitions of cleaning, detergents and disinfectants. The aim of the chapter is to provide a straightforward understanding for those less familiar with the different types of detergents and disinfectants available, how they interact, and some of the issues of importance in relation to their use including contact times, spectrum of activity, temperatures of use, material compatibility and the properties of microcidal efficacy. The chapter also discusses resistance of microorganisms to disinfectant agents.





In the second chapter, Ian Jarvis addresses an area of great importance to contamination control: hand sanitisation. Hands which have a low level of contamination are essential to health care, especially as a means of slowing down Hospital Acquired Infections. So too is the need for gloved hands to carry a low level of contamination in relation to hospital surgery units and within cleanrooms used for pharmaceutical processing. In the chapter, hand sanitisers (applied to gloved hands) and antiseptics (applied to skin) are outlined. The chapter also examines the common skin based microorganisms and the different types of disinfectants available (alcohol based and non-alcohol sanitisers). From a practical perspective, the chapter underlines the importance of the techniques of  hand rubbing and wiping and demonstrates this with some very useful illustrations.





The third chapter examines the selection of cleaning materials. In this chapter, Jasdeep Singh outlines the factors to consider when selecting the appropriate cleaning materials to use including mops, wipes and buckets. The materials considered relate to both healthcare and pharmaceutical cleanrooms. A strong emphasis is placed on selecting the right materials and in not re-using materials. Underlying this is the premise that if the cleaning materials are of poor quality, then the processes of cleaning and disinfection will also be of poor quality and the reduction of microorganisms will consequently be inefficient.





Following on from cleaning materials, the subject of the fourth chapter is cleaning techniques. In this chapter Angela Nutman covers a number of important aspects of cleaning. These include the preparation of disinfectant solutions and the importance of the correct dilution. In terms of sound cleaning methods the double and triple bucket methods are outlined. Considerable emphasis is placed upon learning in the correct sequence: such as removing dust beforehand; the importance of applying detergent before disinfection; observing contact times; concerns with residues; and the practical way to clean an area without re-introducing contamination. Within the chapter, reference is also made to the importance of staff training.





Whilst many disinfectants are effective biocides they can be of concern to the staff tasked with using them in terms  of health and safety. The safe use of detergents and disinfectants is the concern of the fifth chapter. In this chapter Ian Jarvis makes reference to national and international regulations such as the Biocide Products Directive and to the importance of chemical health and safety risk assessments and of understanding occupational health and exposure hazards. The chapter also discusses the importance of protective personal equipment and waste management and disposal procedures.





There are important differences as well as different concerns to the way in which contamination control programmes apply to hospitals in contrast to pharmaceutical facilities. Chapters six and eight present these differences.





In chapter six, Eric Che looks at the application of disinfectants and detergents in the healthcare setting. The chapter outlines how detergents and disinfectants are used in hospitals and some of the important concerns which hospitals face, such as the risk of nosocomial infections and the relationship between Hospital Acquired Infection and infection control. The chapter also considers the types of things that need cleaning and disinfection, focusing upon the types of things likely to become contaminated as well as with the types of microorganisms found that are of concern.





Chapter seven is soundly practically based and presents model procedures for the cleaning and disinfection of a small unit. The chapter is presented as a case study and will allow those who work in smaller facilities to compare approaches. In the chapter Amit Chandra discusses essential elements including the preparation of  cleaning agents, staff gowning, cleaning methods and training requirements.





Cleanrooms within the pharmaceutical industry are the concern of chapter eight. In this chapter Tim Sandle places cleaning and disinfection within the pharmaceutical context. In the chapter the importance, from a Good Manufacturing Practice standpoint, of disinfectant rotation is explained as well as the importance of material compatibility trials and factors which primarily only affect aseptic areas, such as the importance of sterile disinfectants. The chapter also considers how it can be proven, practically, that disinfectants are keeping contamination control in check. For this, the chapter argues for the necessity of conducting field trials and for assessing the effectiveness of such trials by conducting microbiological environmental monitoring.





Chapter nine addresses a different aspect of disinfection, moving away from the manual cleaning techniques, and towards gaseous disinfection. In this chapter James Drinkwater and Laura Buck look at the use of hydrogen peroxide vapour and its use within cleanrooms and its increasing application for the surface disinfection of barrier systems (such as isolators). Due to the importance of gaseous disinfection where a sporicidal reduction step is required, the chapter outlines the use of biological indicators as the primary means of verification.





Chapter ten is the final chapter of the book. In this chapter Tim Sandle discusses the importance of disinfectant validation which is important from a regulatory perspective and also on the part of the user in having confidence that the disinfectants are reducing the microbial population (and eliminating the intended types of microorganisms) to the levels required. In outlining the essentials of validation, the chapter compares and contrasts European and U.S. approaches to validation.





In putting this book together some of the leading experts in the field of contamination control, working either within health care or the pharmaceutical industry, were approached. In agreeing to contribute to this book each person has contributed a high quality chapter and has helped to put together what is a unique book on cleaning and disinfection. The book is subtitled “a handbook” and this is the operative word that the editor would most like to see applied. This is not a book intended to sit on a shelf and gather dust, it is a book intended to be read and discussed by those tasked with the very important task of keeping cleanrooms, hospitals and the hands of staff, clean. If “The CDC Book” becomes an established part of the educational resources available to the workforce who aim to keep critical areas clean then the aims and intentions which shaped this book will have been a success.





The editor welcomes any comments or clarifications in relation to the book and can be contacted at timsandle@btinternet.com




CHAPTER 1:


CLEANING AND DISINFECTION



By Tim Sandle


1.1 Introduction


Cleaning and disinfection practices are an essential part of contamination control in healthcare and in the pharmaceutical industry. These practices can be divided into two key parts:





• Cleaning and disinfection of cleanrooms, and


• Cleaning of equipment (which requires cleaning validation to verify the effectiveness of the cleaning)





The focus of this chapter, and indeed this book, is on the cleaning and disinfection of cleanrooms.





An important step towards achieving microbial control within a cleanroom is the use of defined cleaning techniques, together with the application of detergents and disinfectants. The objective of cleaning and disinfection is to achieve appropriate microbiological cleanliness levels for the class of cleanroom for an appropriate period of time. Thus the cleaning and disinfection of cleanrooms is an important part of contamination control (1).





This chapter examines both detergents (which ‘clean’) and disinfectants (which remove or eliminate microorganisms). Detergents are cleaning agents and are deployed to remove ‘soil’ from a surface. The removal of soil is an important step prior to the application of a disinfectant, for the greater the degree of soiling remaining on a surface, then the lesser the effectiveness of disinfection. A disinfectant is a type of chemical germicide which is capable of eliminating a population of vegetative microorganisms (although some disinfectants are sporicidal, a chemical does not need to be sporicidal to be classified as a disinfectant). A disinfectant which can kill spores is sometimes described as a sterilant or chemosterilant (2). Disinfectants, of varying formulations, have been used since the late nineteenth century (3).





Disinfectants vary in their effectiveness against different types of microorganisms, a variation relating to both the intrinsic resistance of different microorganisms and the range of different types and formulations of disinfectants. Furthermore, different disinfectants act in different ways depending upon their active ingredients.





This chapter provides an introduction to cleaning and disinfection concepts and acts as a point of reference for the other chapters in this book.





The chapter is concerned with:





• The principles and definitions of cleaning, detergents and disinfectants.


• Introduction to the basic concepts relating to disinfection: contact time, mechanisms of action, spectrum of activity and resistance.


• The types of detergents and disinfectants commonly used.


• Outlining the important criteria for the selection of disinfectants.


1.2 Cleaning


Cleaning is the process of removing residues and ‘soil’ (such as dirt, grease, protein residues and so on) from surfaces to the extent that they are visually clean. This involves defined methods of application and often the use of a detergent. Importantly, the act of cleaning is necessary prior to the application of a disinfectant. A surface needs to be properly cleaned before the application of a disinfectant in order for the disinfectant to work efficiently (4), as disinfectants can either be inactivated by organic residues or the soil can create a barrier which prevents the disinfectant from reaching all of the microbial cells.





Whilst “cleaning” is not “disinfection” the cleaning process can remove or dilute microbial populations. Furthermore, many detergents have chemical additives that can ‘disinfect’. However, a cleaning agent will not meet the criteria for disinfection required by the European and United States standards for disinfectant validation in terms of reducing a microbial population of a defined range by the required log reduction.


1.3 Detergents


What are detergents?


A detergent is a chemical used to clean equipment or surfaces by removing unwanted matter (soil). Detergents generally work by penetrating soil and reducing the surface tension (which adhere soil to the surface) to allow its removal (in crude terms, a detergent increases the ‘wettability’ of water). Many detergents are synthetic surfactants (an acronym for Surface Active Agents).
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Figure 1: Simple schematic of a surfactant (© Licensed under Creative Commons)





Surfactants are schizophrenic molecules that have two sides to their nature. One part is solvent-loving or lyophilic (hydrophilic) and another is solvent-hating or lyophobic (hydrophobic). Surfactants remove particles from surfaces by either capillary effects or electrostatic forces (many detergents contain differently charged ions that can cause microorganisms to repel each other). This repulsion causes the microorganisms to disassociate from the surface and become suspended. Suspended microorganisms are easier to remove from the surface by the rinsing effect of the detergent (or a subsequent water rinse) or to be destroyed by the application of a disinfectant (5). The relative ease of killing microorganisms in planktonic state compared with killing microorganisms in the sessile state is reflected in the phased approach to disinfectant validation studies, as outlined in Chapter Ten (planktonic bacteria are free floating organisms; sessile bacteria are attached to a surface).


Selecting detergents


There are two key considerations when selecting detergents:





1) The chemical composition of the detergent.





With the chemical nature of the detergent, it is typical that detergents are neutral and non-ionic solutions. Furthermore, it is preferred that the detergents used are low- or non-foaming.





2) The compatibility of the detergent with the disinfectant.





In terms of compatibility, it is important that any detergent used should be compatible with the disinfectants used, for some detergents can leave residues which can neutralise the active ingredient in certain disinfectants thereby reducing the microcidal properties of the disinfectant (6).





There are various types of detergents, each with differing modes of cleansing action. In addition to cleansing action, some detergents have additional anti-microbial properties due to their ionic nature (anionic: negatively charged, or cationic: positively charged). Some examples of commonly used detergents are:








a) Soaps


b) Anionic detergents


c) Cationic detergents


d) Non-ionic detergents


e) Amphoteric detergents (which have some bactericidal properties).


f) Alkali detergents


g) Acidic detergents





Additional chemicals are sometimes added to detergents to enhance their performance. Such additives include chemicals, which act to disperse fat and to produce uniform wetting, and sequestrants, which act against hard water and scaling.





Of the list of detergents, non-ionic detergents are the most commonly used in healthcare and pharmaceuticals. This is because such detergents are compatible with most commercial disinfectants. An alternative are the anionic detergents, such as sodium alkbenzine sulfonates (although these are often foam producing emulsifiers, which is not often desirable in cleanrooms); and cationic detergents like quaternary ammonium compounds.


1.4 Disinfection


Terminology


A disinfectant is a chemical agent, one of a very diverse group of products, which reduces the number of microorganisms present either by removing or destroying them. In literature various terms are applied in relation to this activity: disinfectant, antiseptic, asepsis and sanitiser.





The term disinfection is normally applied to an inanimate object (sometimes the term biocide is used, although this relates to a larger group of chemical agents). The term antiseptic is used to describe the reduction of a microbial population on living tissue (7). Thus an antiseptic is a disinfectant which can safely be applied to the surface of the skin1 (8) (sometimes the terms ‘hand sanitiser’ or ‘hand disinfectant’ are used interchangeably.) In turn, the term disinfectant is usually reserved for liquid chemical germicides which cannot be applied to tissues because of their corrosive or toxic nature (9).





Asepsis can relate to the use of disinfectants to disinfect an area such as an operating theatre (and the term is more commonly associated with healthcare) (10). It is a separate term to ‘aseptic technique’, which, in the laboratory sense, relates to avoiding personnel contamination of devices intended to be sterile (11).





The term sanitiser is open to different interpretations. Within Europe, it is normally taken to be an agent that both cleans and disinfects (normally a disinfectant that contains a cleaning agent). Within North America (defined by the U.S. Environmental Protection Agency), however, the term is normally applied to an antimicrobial agent for use on non-food contact surfaces. Sanitisation is a general description for reducing a microbial population. Disinfection is a more precise term, as it can be related to the requirements of international standards in relation to the requirement that the chemical agent must reduce a known number of microorganisms (a property demonstrated through validation).


1.5 Disinfectant efficacy


There are a number of important criteria which affect the performance and efficacy of disinfectants. These factors are:


i) Concentration


Disinfectants are manufactured or validated to be most efficacious at a set concentration range (the proportion of the chemical to water). The setting of this concentration range involves ascertaining the minimum inhibitory concentration (MIC). The MIC is the lowest concentration of the disinfectant that is shown to be bacteriostatic or bacteriocidal under experimental conditions. Experimental conditions are normally based on the examination of a disinfectant solution in suspension in the absence of soil. The MIC is measured through kinetic studies of the dilution coefficient. Kinetic studies demonstrate the effect of a change in concentration against cell death rate over time. The higher a disinfectant’s concentration exponent, the longer it takes to kill cells. For example, if a disinfectant with a set concentration exponent was diluted by a factor of 2, the time taken for it to kill cells comparatively would double (12). The MIC is normally set by the manufacturer of the disinfectant.


ii) Time.


Time is an important factor in the application of disinfectants for two reasons: in relation to the contact time of the disinfectant and the expiry time of the disinfectant solution. Contact time (sometimes called the dwell time) is the time taken for the disinfectant to bind to the microorganism, traverse the cell wall and to reach the specific target site for the disinfectant’s particular mode of action. Many disinfectants work best and meet product label claims when allowed to work for several minutes before wiping or rinsing.





Contact time relates to the concentration of the disinfectant (variation to the concentration of a disinfectant may alter the contact time required). In practical situations there are many variables which can alter the contact time. These include the type, concentration and volume of the disinfectant; the nature of the microorganisms; the amount and type of material present that is likely to interfere with the active ingredient; the temperature of the disinfectant; and the surface that the disinfectant is applied to.





Another aspect relating to time is the deterioration of a disinfectant solution over time. This is more important where a solution of disinfectant is prepared ‘in-house’ from a concentrate than to ready-prepared solutions, which have been validated by the manufacturer and will come with an assigned expiration time. For ready-prepared solutions, an expiry time limit for the disinfectant solution should be established through chemical testing. As a rule, fresh solutions of a disinfectant should be used for each application and between cleanrooms.
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Figure 2: testing disinfectant samples in order to assess antimicrobial efficacy (© Tim Sandle)


iii) Number, type and location of microorganisms


Different species of microorganisms vary in their resistance to different disinfectants. These can be affected by: the numbers of microorganisms present, their species and the community with which they are bound to.


a) Number


An antimicrobial agent, like a disinfectant, is considerably more effective against a low number of microorganisms than a higher number or a population with a greater cell density. Similarly a disinfectant is more effective against a pure population than mixed grouping of microorganisms. A routine disinfectant procedure will be unlikely to kill all microorganisms present and a number will remain viable. Whether the surviving microorganisms multiply in sufficient number is dependent upon the condition in which the surviving population remains, the available nutrients and the time between repeat applications of the disinfectant.


b) Type of microorganism and resistance


Different types of microorganism have varying levels of resistance to broad spectrum disinfectants as Figure 3, below, shows. The increased resistance shown is primarily due to the cell membrane composition or type of protein coat.
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Figure 3: Sensitivity of different microorganisms to broad spectrum disinfectants (© Tim Sandle)





The hierarchy of microorganisms in Figure 3 are placed in order of resistance. Resistance is either due to the natural genetic properties of the microorganisms (intrinsic), as shown in Figure 3, or it is acquired through phenotypic (organism’s actual observed properties, such as colony pigment) or genotypic (genetic) variations (similar to antibiotic resistance, through the over-use of one type of disinfectant2). Generally innate sensitivity results in Gram-negative bacteria being more resistant to disinfectant applications than Gram-positive bacteria, based on the composition of their cell wall. In turn, for bacteria, endospores are the most resistant because of the relative impermeability of the spore coat.


c) Location of microorganisms


The location of microorganisms influences the effectiveness of disinfectant treatment. Microorganisms in suspension are easier to kill than those affixed to surfaces. This is due to the mechanisms of microorganism attachment, such as bacteria fixing themselves using fimbriae3 or when a biofilm community4 develops. Such positioning impacts upon the contact time required for the disinfectant to bind to the microorganism, cross the cell wall and act at the required site. This is why, with disinfectant validation (see Chapter Ten), the surface test is regarded as more meaningful and robust than the suspension test.


iv) Temperature and pH


Each disinfectant has an optimal pH and temperature at which it is most effective. If the temperature or pH are outside this optimal range then the rate of reaction (log kill over time) is affected.





Temperature influences the rate of reaction. Most disinfectants are more effective and kill a population faster at higher temperatures although many disinfectants, due to practical considerations relating to cleanroom use, are manufactured to be used at ambient conditions. Disinfectants which are sensitive to temperatures other than at ambient are normally assessed through the use of a temperature coefficient, or Q10 (which relates the increase in activity to a 10°C rise in temperature) (13).





The effect of pH is important because it influences the ionic binding of a disinfectant to a bacterial cell wall thereby ensuring disinfectant molecules are bound to a high number of microorganisms. Many disinfectants are more stable at a set pH range. The use of a disinfectant outside of its desired pH range results in reduced efficacy.


v) Interfering substances


The presence of different substances on the surface or in the equipment requiring disinfection can affect the efficacy of the disinfectant in various ways ranging from increasing the contact time to complete inactivation. In order for a disinfectant to be effective it must come into contact with the microbial cell and be absorbed into it. If substances (or organic load), such as oil, dirt, blood serum, protein, food, body waste, paper or grease, act as a barrier between the microbial cell and the disinfectant, the efficacy of the disinfectant will be adversely affected. The presence of such substances (soil) halts disinfectant efficacy by either reacting with the disinfectant or creating a barrier for the disinfectant. This effect is increased if the surface itself has defects and crevices which limit disinfectant penetration (14). When purchasing disinfectants it is important to note if the label claim indicates if the disinfectant remains effective in the presence of small amounts of organic matter.


vi) Water


Many disinfectants do not work well in hard water. For use in the pharmaceutical and healthcare sectors, disinfectants are normally prepared using deionised or demineralised water (or Water for Injections in the higher grade cleanrooms).


1.6 Types of disinfectants


There are various types of disinfectants available (in 2012 over 8,000 disinfectant products were registered with the U.S. Environmental Protection Agency (EPA) alone). Different types of disinfectants have different spectra of activity, modes of action and differing efficacies. Some disinfectants are classed as bacteriostatic, where the ability of the bacterial population to grow is halted. Here the disinfectant can cause selective and reversible changes to cells by interacting with nucleic acids, inhibiting enzymes or permeating into the cell wall. Once the disinfectant is removed from contact with bacteria cells, the surviving bacterial population could potentially grow.





Other disinfectants are bactericidal in that they destroy bacterial cells through different mechanisms. These include: causing structural damage to the cell, autolysis, cell lysis, or by the leakage or coagulation of the cytoplasm. Within these groups, the spectrum of activity varies, with some disinfectants being effective against vegetative Gram-positive and Gram-negative microorganisms only, while other disinfectants are effective against fungi. Other disinfectants have a broader spectrum and are sporicidal in that they can cause the destruction of endospore forming bacteria. However, a chemical agent does not have to be sporicidal in order to be classed as a ‘disinfectant’ (15). The bacteriostatic, bactericidal and sporicidal properties of a disinfectant are influenced by many variables. These variables are examined later.





There are a number of disinfectants available in the market with different modes of activity and of varying effectiveness against microorganisms. There are various approaches to the categorisation and sub-division of disinfectants including grouping by chemical nature, mode of activity or by microstatic and microcidal effects on microorganisms. This chapter discusses some of the more commonly used disinfectants employed in the healthcare and pharmaceutical environments by categorising them according to their chemical properties. The two principal categories used are the division into oxidising and non-oxidising chemicals. The reader should note that the list below is not exhaustive.


Non-oxidising disinfectants


The majority of this group of disinfectants have specific modes of action against microorganisms but generally they have a lower spectrum of activity compared to oxidising disinfectants (16). The most common types of non-oxidising disinfectants are alcohols, quaternary ammonium compounds and phenolics.


i) Alcohols


Alcohols have an antibacterial action against vegetative cells. The effectiveness of alcohols against vegetative bacteria and fungi increases with their molecular weight (therefore ethanol is more effective than methanol and in turn isopropyl alcohols more effective than ethanol) (17). Alcohols, where efficacy is increased with the presence of water, act on the bacterial cell wall by making it permeable. This can result in cytoplasm leakage, denaturation of protein and eventual cell lysis. The advantages of employing alcohols include a relatively low cost, little odour and a quick evaporation. Furthermore alcohols have a partial cleansing action (18).


ii) Aldehydes


Aldehydes include long chain chemical compounds, such as formaldehyde and gluteraldehyde. Aldehydes have a wide spectrum of activity and a non-specific effect in the denaturation of bacterial cell proteins and can cause coagulation of cellular protein. Certain aldehydes, such as glutaldehyde are rarely used today due to health and safety concerns (19).


iii) Amphoterics


Amphoterics are acidic, having a relatively wide spectrum of activity, but are limited by their ability to damage endospores. Amphoterics are frequently used as surface disinfectants. An example is alkyl di(aminoethyl) glycine or derivatives (20).
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