FUNDAMENTALS OF INFECTION PREVENTION AND CONTROL IN THE OPERATING DEPARTMENT

INTRODUCTION
Despite being relatively common and often harmless, infection can have potentially life changing consequences for patients. Infections in surgical wounds are associated with longer stays in hospital, further surgical treatment, admissions to ITU and higher rates of mortality [1]. As a result, the prevention of infections is a paramount aspect of patient care in the perioperative environment [2]. Infections occur when pathogens overcome a patient’s natural defences and colonise their tissue or systems. Pathogenic organisms are made up of five main types: viruses, bacteria, fungi, protozoa, and worms. 

A patient’s risk of infection is dependent on several intrinsic and extrinsic factors [3]. Intrinsic factors include—age, birth weight, pre-existing conditions, and the health and nutritional status of the patient. Practitioners often have very little control over these factors, although the patient should be optimised, and care planning should consider any intrinsic factors [4]. Practitioners are more able to control the extrinsic factors that contribute towards infections. These include environmental factors, the cleanliness of the theatre, staff, and equipment—a key part of limiting extrinsic risk is asepsis. This describes the processes aimed at the elimination of pathogenic microorganisms from the environment, personnel, and instruments. Where possible this should also incorporate barriers to transmission—gloves, gowns, and surgical drapes [4].
The link between infections and extrinsic factors was first identified by Ignaz Semmelweis in 1847, who demonstrated that good hand hygiene could prevent the spread of infection. Although his theory was not well received at the time, he was later vindicated by the work of Louis Pasteur and Joseph Lister, who showed that infections were caused by pathogenic microorganisms [5]. The elimination of as many pathogens as possible from the surgical environment is achieved by several methods including cleaning, ventilation, decontamination, and sterilisation. 
CHAIN OF INFECTION
Health organisations and practitioners alike have a legal and ethical obligation to provide patients with safe care and treatment in an environment and with equipment that are maintained to a high standard of cleanliness [6, 7]. To ensure that these standards are maintained, all health organisations must undertake adequate auditing of their infection and prevention systems on a regular basis, with input from dedicated Infection and Prevention teams [6,8]. To comply with and deliver this essential element of patient care, healthcare practitioners must understand how their daily activities and omissions can aid in the spread of microorganisms. The ‘chain of infection’ outlines a series of links, in which the potential for microorganism growth and transmission can be understood. Knowledge of these links allows for an understanding of how to interrupt the sequence and reduce the spread of infection to the patient, environment, and colleagues.

1. Infectious agent
2. Reservoir
3. Portal of exit from the reservoir
4. Mode of transmission
5. Portal of entry into the host
6. Susceptible host

Infectious agent
The infectious agent is any organism that has the potential to cause infection (pathogenicity) and the capability of the agent to infect a host (virulence). The likelihood of pathogenicity is increased in those patients with compromised immunity [3,9,10,].
Reservoir
The reservoir can be defined as an area (human, animal, or environment) where microorganisms can readily reside, offering them moisture, nutrients, and an ability to thrive and multiply [3]. These areas can be further categorised into endogenous and exogenous sources [11]. Endogenous sources are where local resident microbial flora can be found in body sites of patients such as skin, mouth, nose, gastrointestinal tract, and vagina [11]. Exogenous sources can be defined as those areas outside of the patient, such as the environment, equipment, healthcare workers and visitors [3,11,]. In perioperative environment exogenous sources can include the skin crevices and nail beds of a health practitioner’s hands, or a dry environment with little to no moisture such as medical equipment where pathogenic microorganisms are reported to survive for extended periods [9,12, 13].
Portal of exit from the reservoir
The portal of exit describes the route by which a microorganism exits the reservoir [3].  For example, the release of bodily fluids as seen with a cough releasing aerosol from the respiratory tract; others include urine, blood, faeces, vomit, saliva or exudate from an open wound.

Mode of transmission
The mode of transmission refers to the route by which the organism is spread and can be divided into direct and indirect transmission [3, 11]. Direct transmission occurs with exposure and contact with potentially infected body fluids, secretions, and openings in the skin membrane.  Indirect transmission within the healthcare environment may be primarily vehicle-borne, or airborne [11]. Vehicle-borne transmission via environmental sources such as contaminated equipment surfaces. Airborne transmission via particulates such as dust, fluid droplets which can be directly inhaled, or transferred through touch on inanimate surfaces [3].
Portal of entry into the host
The portal of entry into the host, would include transmission via breaks in the dermis, surgical wounds, indwelling devices, or entry via mucous membranes such as the mouth, eyes and nostrils [3,11]
Susceptible host
The susceptible host would include those undergoing surgery the elderly or paediatric population any immunocompromised patient, those with comorbidities, or any other individuals with increased susceptibility [3]. The introduction of pathogenic microorganisms via a break (indwelling catheter) in the susceptible host’s natural protective barriers can potentially culminate in an acquired infection.

Insert Chain of infection figure here 
Care should also be taken with personal items being brought into clinical areas that could potentially harbour pathogens, most notably staff lanyards, bags and other such personal belongings [14]. This should reinforce to practitioners the need for vigilance in countering the spread of infection not just within the confines of the operating theatre but also by those items unsuspectingly bought in. Prevention and control of cross-contamination entails provision of the correct equipment, appropriate training of staff and patients, and the utilisation of standards in preventative techniques as well as a robust system for auditing and reporting compliance in infection control [15].
HEALTHCARE ASSOCIATED INFECTION
Healthcare associated infections (HCAI), otherwise termed ‘nosocomial’ infection is the global term used to define an infection that has been acquired by a patient during a health care intervention [11, 15]. Contracting an infection may be attributed to exposure with surrounding surfaces, and/or interventions of care that compromise the patient's natural protective barriers. Where surgery, or insertion of indwelling devices and suboptimal care may allow for the migration of exogenous (external origin) or endogenous (internal origin) microorganisms [16]. HCAI are defined as any infection contracted 72 hours post admission, and any infection arising within 48 hours post discharge [17]. The most prevalent HCAI are urinary tract infections (UTI), surgical site infection (SSI), hospital acquired pneumonia (HAP), ventilator associated pneumonia (VAP), and health care associated bloodstream infection (BSI) [17].  Any patient is at risk of contracting a HCAI, but there are increased risk factors, for example an age greater than 65 years; admission to an intensive care unit or as an emergency admission; hospital inpatient stays greater than seven days; indwelling devices; surgery; burns; trauma-induced immunosuppression; neutropenia; impaired functional or coma status, and patients with comorbidities [ 17].	Comment by Paul Rawling: Why the double line spacing?	Comment by Paul Rawling: Check abbreviation.	Comment by Rodger, Daniel: I've amended it.
Numerous UK and international campaigns have been promoted to improve public and health professionals’ knowledge and practice in reducing the incidence of MRSA bacteraemia and other HCAI over the course of seventeen years. From “Winning Ways” [18] to “Save lives: Clean your hands” [19] as well as ambitious incentives by the Department of Health to halve MRSA rates by 2008. Public Health England [20] reports a general decline in reported cases of MRSA and Clostridioides difficile infection (CDI) rates from when surveillance was initiated in 2011.  HCAI such as Klebsiella and Pseudomonas aeruginosa bacteraemia remain a challenge and as of 2018 have been included in Public Health England’s ongoing national point prevalence survey for HCAI’s health surveillance [20].	Comment by Paul Rawling: in full preferred first time of use.
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SSI are the second highest reported HCAI in Europe and the United States [21] with 50 % of SSI’s being reported as only becoming evident following discharge from care [19]. The overall impact of HCAI to the patient and their family is significant, with infection comes an increased risk of morbidity and suffering causing undue stress, trauma, and financial burden [14,17]. It is estimated that HCAI can increase hospital admissions from 5 to 29.5 days [17], and the overall impact costs the NHS £2.7 billion annually, with an estimated death toll of 28, 500 for 2016/17 [22]. Guidance suggests that to prevent HCAI’s all healthcare workers must comply with and maintain professional development on the appropriate and current ideologies in infection prevention and control (IPC), and includes compliance with local and national guidelines on provision and use of Personal Protective Equipment [15].
HOW TO PREVENT SURGICAL SITE INFECTIONS
Acknowledging that we often have little control over the intrinsic infection risks, Perioperative practitioners must focus on the extrinsic factors which contribute to SSI. These can be reduced or eliminated by several different strategies within the operating department. By looking at each of these in turn, we can see that they are related to the personal, the patient, and the theatre environment, including equipment.
 THE PERSONAL	Comment by Paul Rawling: Consider spacing differences.
The most important aspect of personal hygiene related to the prevention of infections is hand washing and surgical scrubbing [23]. These two practices are separate to each other and should not be confused. Good hand washing is described as one of the standard infection control precautions that is vital to reduce the transmission of infectious agents that can cause hospital acquired infections [24]. Hand washing should be carried out before touching a patient, before any clean or aseptic procedure, after any exposure to body fluid, after touching a patient, or their surroundings, these are known as the five moments for hand hygiene [23]. These are universal and should be applied in the operating theatre in the same way they are in any other parts of the hospital.
Surgical scrubbing before participating in a sterile surgical procedure is a more thorough process, which the Association for Perioperative Practice (AfPP) describes as an extension of handwashing [25]. Surgical scrubbing uses antibacterial solutions containing chlorhexidine or povidone-iodine rather than simple soap and can involve the use of a brush or pick to clean the nails. The purpose of surgical scrubbing is to remove transient microorganisms and reduce the number of resident microorganisms that make up the body’s natural flora. This is to minimise the risks of patients developing surgical site infections [26]. Surgical scrubbing should not be limited to the surgical team at the operating table, anyone undertaking a sterile procedure for example, an anaesthetist when conducting a sterile procedure such as the insertion of an arterial line should also be “scrubbed up”. The WHO has produced clear guidelines on the correct ways to carry out both hand washing and surgical scrubbing [23].
The use of alcohol-based gels for washing visibly clean hands has become common in all healthcare settings, and their use is now starting to move into theatres, as part of surgical hand preparation. Surgical hand rubbing is sanctioned [23], and supported by evidence [27,28]. Despite the importance of hand washing and scrubbing, on their own they are insufficient to protect the patient from infection. Attention should also be paid to the correct theatre dress. In the operating department everyone should be wearing scrubs, which should be clean every shift and changed when contaminated with bodily fluids or contact with a known infectious patient [29]. Scrubs should not be worn outside of the theatre suite, unless responding to an emergency call and theatre shoes should not be worn outdoors outside of the department. Scrub hats should always be worn in theatres, where disposable masks are worn, they should be carefully removed using the tapes and disposed of immediately on leaving theatre. Non-sterile gloves should be worn for anticipated contact with blood or other body fluids, broken skin or mucous membranes, and should be removed immediately following the end of patient care [30].
Insert Glove pyramid figure here
THE PATIENT
Although fit and healthy patients are usually well protected from infection by their immune system, surgical patients do not always fall into this category. And, even when they do, additional precautions need to be taken to prevent them from becoming infected by their own naturally occurring skin flora as well any pathogens present in the air or on surfaces in the theatre. Scrubbing up and the wearing of sterile gloves and gowns alone is insufficient to do this, and further precautions also need to be taken.
To ensure that the risk of infection is minimised, patients need to be properly prepared for surgery once they arrive in theatre. This preparation must be based on the best available evidence, for example, despite shaving of the surgical site being common practice for over a hundred years [31] it is no longer recommended unless necessary [32]. When pre-surgical shaving is done, hair should only be removed using electric clippers with a single-use blade. This is to reduce the damage to the skin that can be caused by a razor, and the resulting increase of surgical site infection [32].
Whether a patient has been shaved or not, the usual first step in any surgery is the preparation of the surgical site with an antiseptic solution. These solutions are either chlorhexidine or povidone-iodine based. Povidone-iodine solutions can be either alcohol or aqueous based. As alcohol is itself an antiseptic it is considered preferable except for pre-term infants or when there is contact with mucus membranes, where the alcohol can cause damage [33]. It is usual for skin prep to be applied using a disposable applicator or a swab, gauze or a sponge moving away from the centre of the site of the incision.
Only once the skin prep is dry, can the drapes be placed on the patient. Surgical drapes are sterile sheets of material, used to cover the patient and the operating table completely except for the area of the surgery, which has been prepped with antiseptic solution [34]. Drapes in the past were made from cotton and had to be clipped to each other to hold them in place. But now they are mostly self-adhesive and made from paper, making them disposable. Modern drapes are treated making them impervious to fluids [35], and procedure packs are often assembled and sterilised in advance, containing the correct number and sizes of drapes for a particular surgical procedure. If it becomes necessary to move or replace drapes, they should only be moved away from the surgical field never towards, if a drape becomes contaminated or has a hole, a second clean drape should be placed over it [25].
One of the final key patient related activities that can be undertaken to reduce infections is the use of antibiotic prophylaxis. This is the administration of antibiotics that are specifically recommended against infections at the site of the surgery. Not all surgeries require antibiotics but the insertion of implants and surgery where there is a risk of contamination from the gastrointestinal tract routinely do. The choice of antibiotic, the dose, timing, and duration are governed by local antibiotic formularies which combine the latest evidence and the best clinical judgement of pharmacists [36]. This forms part of the Department of Health's Antimicrobial stewardship program, which aims to reduce antimicrobial resistance by providing a framework to guide prescribers [2].
THEATRE ENVIRONMENT
The last extrinsic factor that needs to be considered in relation to reducing SSI, is the theatre environment itself. Key to this is the cleanliness of the theatre, the discipline of the theatre team in maintaining the hygiene and security of the environment and its ventilation [37].
A theatre suite can be divided into two distinct spaces, and access to both should be limited to patients and staff members wearing scrubs and theatre shoes. Firstly, the area around the theatre, the corridors, storage facilities for consumable and instruments and patient reception areas. Secondly, within this the theatres themselves, where there is a higher level of cleanliness, head coverings must be worn and face masks may be required, particularly when trays of instruments are uncovered [38].
Within the theatre environment, cleaning should take place at the start of the day and following the departure of every patient. The level of cleaning required following procedures is dictated by local policy but will include the use of anti-bacterial or sporicidal wipes as well more technological tools such as ultraviolet light or hydrogen peroxide vaporisation. A rolling program of deep cleaning using equipment of this type should also be in place [39].
 The movement of staff, patients, and equipment in and out of the theatre, as well as the numbers of staff present, can increase the risk of a patient acquiring a SSI. Research [40,41], shows that there is a link between, door opening and surgical site infections. For this reason, the traffic in and out of the theatre during surgery should be strictly controlled. Related to this, is the movement of patients, instruments, and waste from the surgical environment. The design of operating theatres should incorporate entry and exit routes, that separates soiled or contaminated items from clean or sterile ones preventing cross contamination of patients and equipment from case to case [42].
 The ventilation in theatres is the final environmental factor in reducing SSI. Ventilation can be broadly divided into two distinct types, plenum and laminar flow. Both reduce the contamination of wounds and surgical instruments by airborne particles, like skin cells, dust, and fibres from clothing and the moisture from exhaled breath which can normally be found circulating in the air [37]. Plenum ventilation works along a pressure gradient with the highest-pressure air flowing into one part of the operating suite, usually the lay-up room, and from there into the operating theatre, and out through the anaesthetic room and sluice. The airflow is controlled by a series of weighted pressure stabilising vents connecting the rooms, which close automatically if the pressure in one room drops, for example when a door is opened [43].
Laminar ventilation or air flow channels highly filtered air down directly from the centre of the operating theatre at a pressure greater than the air in the rest of the room, preventing airborne contaminants from entering the surgical field [44]. As laminar flow has a greater number of air exchanges in an hour it is generally considered to be superior to plenum ventilation. Maintaining a clean as possible surgical environment is decisive in the fight against SSI. Regular cleaning, good surgical team discipline and modern ventilation will contribute towards minimising the SSI risk to patients. A multifaceted approach that also includes patient optimisation, preparation, cleaning and draping and in some cases the use of antibiotic prophylaxis, is also necessary. Combining this with effective surgical scrubbing and careful gloving and gowning is crucial for the prevention of infection. 
 ANTIBIOTIC RESISTANCE
Medicines such as antibiotics can be used to destroy or inhibit the growth of a range of bacterial microorganisms. Resistance to these antimicrobials occurs as microorganisms evolve and adapt, through processes of genetic mutation and natural selection. This inevitable resistance has been accelerated and attributed to the inappropriate use of antimicrobials, and broad-spectrum antimicrobials in human, animal and environmental industries [45,46]. At present, 700,000 deaths per year are reported to occur globally due to Antimicrobial resistance (AMR) [46,47].  Various organisations have raised [46,47,48] concerns that if professionals do not take AMR seriously, treatment for diseases will become limited, and inevitably result in prolonged illness, and an increase in the psychological and socioeconomic impact on patients, and their families. As well as leading to an increase in the costs of providing healthcare. As AMR increases, routine operations will potentially become far more hazardous options for patients [45,48]. A major factor contributing to this problem is the fact that there have been no new classes of antibiotics discovered since the 1980’s. And as a result, those readily available today could soon be rendered ineffective in the fight against infection [45,46,48]. Prevalent multidrug resistant organisms (MDRO’s) encountered in healthcare organisations today are:
· Methicillin resistant Staphylococcus aureus (MRSA),
· Vancomycin resistant Enterococci spp. (VRE),
· Extended-spectrum beta-lactamase gram-negative organisms (ESBL),
· Carbapenems resistant Enterobacteriaceae (CRE),
· Multi-resistant Acinetobacter baumannii (MRAB) [45,20]
In response to the threat presented by MDRO’s, the UK government [47] has released a national framework outlining initiatives to enhance AMR awareness, including the promotion of responsible prescribing, and the utilisation of effective infection and prevention measures such as those described in this chapter to curtail spread of microorganisms. To further support this, a robust monitoring and reporting system has been put in place to develop a greater understanding of the indications for antibiotic use, dosages, and adherence to guidelines [49]. The aim of this project is to reduce as much as possible the need for antibiotic use.
On a global as well as a national scale, funding has been ring fenced for further research into new pharmaceuticals, diagnostic tools, and vaccines to combat infection [46,49]. Until these are readily available, health care professionals can aid in tackling the AMR burden, by ensuring that their practice is guided by effective infection and prevention measures and antimicrobial stewardship. [46].
CONCLUSION
Although practitioners cannot necessarily control the intrinsic patient factors associated with infection, they can influence the management of infection through appropriate supervision of the surgical environment and patient intervention. With continued application of infection and control practice in their daily activities, practitioners can contribute towards the drive to lower the incidence of HCAI today.
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