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Foreword

® ®Microxpress  and BioShields  are company divisions of the leading 

manufacturer and exporter of in-vitro diagnostics kits and reagents, Tulip 

Diagnostics (P) Ltd.

With14 manufacturing plants and exports to over 88 countries world wide, Tulip 

Diagnostics is foraying into newer areas of diagnostics.
®While its division Microxpress  is into manufacture of microbiology products such 

as dehydrated culture media, bases, supplements, antibiotic sensitivity discs, 
®ready prepared media, stains, analytical reagents etc., BioShields  is dedicated 

to manufacturing high technology disinfectant products. 

The Journal of Hygiene Sciences is a bimonthly newsletter jointly presented by 
® ®Microxpress  and BioShields  to provide customers with updated knowledge 

related to areas of disinfection in Clinical & Industrial segments as well as other 

important microbiology aspects. Some important topics covered in this bimonthly 

are current trends, mini review, in profile, bug of the month and best practices to 

name a few. This newsletter is freely available on our website: www.microxpress in

A Handbook of Best Practices is a compilation of well researched articles on Best 

Practices covering Microbiology, Disinfection and General Hygiene section 

presented in the Journal of Hygiene issues. 

We hope the contents of this handbook is informative, interesting and educational.

Happy Reading!
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Hand Hygiene Techniques (I)

Hand hygiene is a means of achieving a reduction in, or removal of 
visible soiling, transient or resident microbes and or other hazardous 
or toxic substances.

Historical perspective
For over a century, skin hygiene, particularly of the hands, has been 
accepted as a primary mechanism to control the spread of infectious 
agents. The concept of cleansing hands with an antiseptic agent 

thprobably emerged in the early 19  century. In 1846, Ignaz 
Semmelweiss realized the significance of hand transfer pathogenic 
bacteria during an outbreak of puerperal fever at obstetrics ward of 
General Hospital of Vienna. At the same time Dr. Oliver Wendell 
Holmes had concluded health care practitioners transmitted that 
puerperal fever. As a result of the seminal studies by Semmelweiss 
and Holmes, hand washing generally became accepted as one of the 
most important measures for preventing transmission of pathogens 
in health care facilities. But hand hygiene awareness started growing 

thexponentially since the early 20  century. Then CDC recommended a 
guideline for hand washing with non antimicrobial soap between the 
majority of patient contacts and washing with antimicrobial soap 
during invasive procedures in 1975 & 1985.  Recent studies and 
developments are going on to improve hand hygiene practices in 
health care facilities.

Physiology and microflora of the skin
In order to understand the principles of safe hand washing, one must 
understand the physiology and normal flora of the skin. The primary 
function of the skin is to reduce water loss, provide protection against 
abrasive action and microorganisms act as a permeability barrier to 
the environment. Skin basically composed of four layers, 
considering from outer layer to inner most layer, the superficial 
region, the viable epidermis, the dermis and hypodermis. The dermis 
and subcutaneous tissues are free from micro flora. Bacterial floras 
are on and within the epidermis and can become established in the 
hair follicles and in the sweat and sebaceous glands.
Normal human skin is colonized with microorganisms and the skin 
provides nutrients for selected colonizing microbes in the form of 
lipids and proteins (keratin). Micro flora of the skin can be classified 
as resident flora and transient flora.
Resident floras are considered as permanent inhabitants of the skin 
and are more resistant to removal. Coagulase negative 
S t aphy lococc i ,  members  o f  t he  Corynebac te r ium ,  
Propionibacterium and Acinetobacter and certain members of the 
Enterobacterales family reside to the resident micro flora.  The 
presence of resident micro flora on the skin prevents to colonize 
other pathogenic microorganism. Transient micro flora are those, 
which are picked up during daily activities and may be shed on skin 
scales. This flora mainly colonize the superficial layers of the skin 
and can be effectively removed or substantially reduced to a low 
level by hand washing or by using some antiseptic hand rub. 
Transient microorganisms can be of any type, from any source with 
which the body has had contact. This flora mainly includes 
Escherichia coli, Salmonella, Shigella, Clostridium perfringens and 
Hepatitis A virus. High level of transient microorganisms attaches to 
hand, fingertip and fingernail surfaces when hands are not properly 
washed. A resident flora is considered as permanent inhabitants of 
the skin and is more resistant to removal.

Significance of Hand Hygiene 
Health care associated infections are an important cause of morbidity 
and mortality among hospitalized patients worldwide. Transmission 
of health care associated pathogens most often occurs via the 

contaminated hands of health care workers. Effective hand hygiene 
removes transient microorganisms, dirt and decreases the risk of 
cross contamination from patients, patient care equipment and the 
environment. Hand hygiene is the single most important strategy to 
reduce the risks of transmitting organisms from one person to 
another or from one site to another on the same patient. Cleaning 
hands promptly and thoroughly between patient contact and after 
contact with blood, body fluids, secretions, excretions, equipment 
and potentially contaminated surfaces is an important strategy for 
preventing health care associated infections. 

Indications and Guidelines for Hand Hygiene Decision Making
Following indications and guidelines are given for proper hand 
hygiene decision-making. Hands must be decontaminated:
§ Immediately before and after each and every episode of direct 

patient contact.
§ After contact with body fluids or excretions, mucous membranes 

and wound dressings.
§ On arrival to and before leaving the work place.
§ Before and after manipulating any invasive device.
§ Before and after undertaking clinical procedures.
§ Before donning sterile gloves and also after removing gloves.
§ Before and after handling food.
§ After using restroom.
The choice of using alcohol based hand rub, anti microbial soap or 
surgical hand preparation is based on:
§ The degree of hand contamination.
§ The degree of activity which requires less or reduced bio burden.
§ Transmission and patient risk factors.
§ Invasive or surgical procedure.
Alcohol based hand rub is used to destroy transient flora and part of 
resident flora on unsoiled hands. Anti microbial soap can be used to 
remove soil and transient flora. For surgical hand asepsis it is 
necessary to remove transient flora and reduce resident flora by using 
either anti microbial disinfectant or alcohol and chlorhexidine based 
preparation.

Techniques of Hand Hygiene
Different types of hand hygiene techniques are described below.
Procedure for hand washing:
i.  Hand washing takes only 1-1.5 minutes. Person should stand 

near sink, but should avoid touching it, as the sink itself may be a 
source of contamination.

ii.  In case of lever operated paper towel dispenser person should 
dispense a portion of towel before washing hands.

iii.  Washing hands with high level disinfectant is recommended.
iv.  Person should wet their hand with tepid water. Splashing should 

be avoided. Hands, sleeves and clothing should keep away from 
moisture. Use of hot water is avoided because repeated exposure 
to hot water may increase the risk of dermatitis.

v.  Person should apply the amount of product necessary to cover all 
hand surfaces.

§ Hands are rubbed palm to palm.
§ Right palm over left dorsum with interlaced fingers interlocked.
§ Palm to palm with fingers interlaced.
§ Backs of fingers to opposing palms with fingers interlocked.
§ Rotational rubbing of left thumb clasped in right palm and vice 

versa.
§ Hands are rinsed with water.
§ Hands are dried thoroughly with a single use/disposable towel.
§ Towel should be used to turn off the faucet for handle-operated 

faucets to prevent contaminating your hands.

1 www.tulipgroup.comMicroxpress



Procedure for using alcohol based hand rub:
Onto hands that are not visibly soiled, the person should apply 
product to palm of one hand and rubs hand together, covering all 
surfaces of hands fingers until hands get dry. Manufacturer's 
recommendations should be followed for product volume and this 
procedure should take approximately 20 seconds.
Procedure for surgical hand antisepsis:
i. All the jewelleries and watches should be removed before 

beginning the surgical hand scrub.  
ii. Debris is removed from underneath fingernails using a 

disposable nail cleaner under running water.
iii. Surgical hand antisepsis using an anti microbial soap or an 

alcohol based hand rub with persistent activity is recommended 
before donning sterile gloves when performing surgical 
procedures.

iv. Contact time of scrubbing should be 2-6 minutes. Long scrub 
time is not necessary.

v. The manufacturer's instructions are followed while using an 
alcohol based hand rub with persistent activity. Before applying 
the alcohol solution pre wash of hands and forearms should be 
done with a non-anti microbial soap and dried completely.

vi. After application of the alcohol-based product as recommended 
hands and forearms should allow drying thoroughly before 
donning sterile gloves.

Selection of Hand Hygiene agents and facilities for its potential 
use
While selecting a hand hygiene agent following things should be 
considered:
§ Personnel should provide with efficacious hand hygiene 

products that have low irritancy potential, particularly when 
these products are used multiple times per shift. This 
recommendation applies to products used for hand antisepsis 
before and after patient care in clinical areas and to products used 
for surgical hand antisepsis by surgical personnel.

§ To maximize the acceptance of hand hygiene by personnel the 
product is included with some special characteristics like 
fragrance, colours and consistency (i.e. feel). For soaps, ease of 
lathering also may affect user performance.

§ The product should be provided with skin emollients to reduce 
the skin irritancy and dryness.

Following facilities should be provided to increase the potentiality of 
the hand hygiene products:
§ Hand washbasins should be easily accessible.
§ Warm water must be available for hand washing in all clinical 

areas, by means of mixer taps or temperature controlled water.

§ Liquid dispensers should function properly and deliver an 
appropriate volume of product.

§ Disposable hand towels should be used instead of using 
communal hand towels or hot air driers.

Some administrative measures should be taken to increase the 
potentiality of the procedure:
§ Improved hand-hygiene adherence should be made as an 

institutional priority and appropriate administrative support and 
financial resources should be provided.

§ A multidisciplinary program should be implemented to improve 
adherence of health  personnel to recommended hand-hygiene 
practices.

§ As part of a multidisciplinary program to improve hand-hygiene 
adherence, HCWs should be provided with a readily accessible 
alcohol-based hand-rub product.

§ To improve hand-hygiene adherence among personnel who work 
in areas in which high workloads and high intensity of patient 
care are anticipated,  an alcohol-based hand rub should be made 
available at the entrance to the patient's room or at the bedside, in 
other convenient locations, and in individual pocket-sized 
containers to be carried by HCWs.

The following performance indicators are recommended for 
measuring improvements in HCWs' hand-hygiene adherence:
(a) Periodically monitor and record adherence should be done as the 

number of  hand-hygiene episodes performed by 
personnel/number of hand-hygiene opportunities, by ward or by 
service. Feedback should be to personnel regarding their 
performance.

(b) The volume of alcohol-based hand rub (or detergent used for 
handwashing or hand antisepsis) should be monitored used per 
1,000 patient-days.

(c) Monitor adherence to policies dealing with wearing of artificial 
nails.

(d) When outbreaks of infection occur, assess the adequacy of 
health-care worker hand hygiene.

References
Albert RK, Condie F.1981. Hand-washing patterns in medical 
intensive care units. N Engl J Med ; 304: 146-56.
Guideline for Hand Hygiene in Health-Care Settings. 2002. MMWR. 
Vol. 52.
Larson EL, APIC Guidelines Committee. APIC guideline 
forhandwashing and hand antisepsis in health care settings. Am J 
Infect.
Ojajärvi J.1981. The importance of soap selection for routine hand 
hygiene in hospital. J Hyg (Lond) ;86: 275-83.
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Pathogens transferred not only from infected or draining wound but 
also from frequently colonized areas of normal, intact patient skin. 
The perineal or inguinal areas tend to be most heavily colonized, but 
the axillae, trunk, and upper extremities (including the hands) are 
also frequently colonized. 
The number of organisms such as S. aureus, Proteus mirabilis, 
Klebsiella spp., and Acinetobacter spp. present on intact areas of the 

2skin of some patients which can vary from 100 to 106 CFU/cm . 
6Nearly 10  skin squames containing viable microorganisms are shed 

daily from normal skin. Patient gowns, bed linen, bedside furniture 
and other objects in the immediate environment of the patient 
become contaminated with patient flora. Such contamination is most 
likely to be due to Staphylococci, Enterococci or Clostridium 
difficile which are more resistant to desiccation. Certain Gram-
negative rods, such as Acinetobacter baumannii, can also play an 
important role in environmental contamination due to their long-
time survival capacities. This implies the potential importance of 
skin and environmental contamination on microbial cross 
contamination and pathogen spread.
Health Care Workers (HCWs) hands typically touch a continuous 
sequence of surfaces and substances including inanimate objects, 
patients' intact or non-intact skin, mucous membranes, food, waste, 
body fluids, and the HCWs own body. With each hand-to-surface 
exposure, a bidirectional exchange of microorganisms between 
hands and the touched object occurs and the transient hand-carried 
flora is thus continually changing. In this manner, microorganisms 
can spread throughout a healthcare environment and between 
patients within a few hours.
The burden of Health care associated infections is severe in immune 
compressed patients; prolonged hospital stay; invasive devices and 
procedures such as catheter, ventilators; Surgical site infections and 
also much more severe in high-risk populations such as adults 
housed in ICUs and neonates.
Several studies have shown the ability of microorganisms to survive 
on hands for differing times and inadequacy in hand hygiene leads to 
risk of cross-transmission of pathogens. Handwashing with soap and 
water has been considered a measure of personal hygiene for 
centuries and has been generally embedded in religious and cultural 
habits. Nevertheless, the link between handwashing and the spread 
of disease was established only two centuries ago, although this can 
be considered as relatively early with respect to the discoveries of 
Pasteur and Lister that occurred decades later.

Indications for hand hygiene-
A. Wash hands with soap and water when visibly dirty or visibly 

soiled with blood or other body fluids or after using the toilet.
B.  If exposure to potential spore-forming pathogens is strongly 

suspected or proven, including outbreaks of Clostridium 
difficile, hand washing with soap and water is the preferred 
means.

C.  In all clinical situations use an alcohol-based handrub as the 
preferred means for routine hand antisepsis, if hands are not 
visibly soiled. If alcohol-based handrub is not obtainable, wash 
hands with soap and water.

D.  Before handling medication or preparing food perform hand 
hygiene using an alcohol-based handrub or wash hands with 
either plain or antimicrobial soap and water.

Five moments for hand hygiene–
Moment 1- Before touching a patient
Hand hygiene at this moment will mainly prevent colonization of the 

patient with health care-associated microorganisms, resulting from 
the transfer of organisms from the environment to the patient through 
unclean hands, and exogenous infections in some cases.
Moment 2- Before a clean/aseptic procedure
Once within the patient zone, very frequently after a hand exposure 
to the patient's intact skin, clothes or other objects,  the HCW may 
engage in a clean/aseptic procedure on a critical site with infectious 
risk for the patient, such as opening a venous access line, giving an 
injection, or performing wound care. Importantly, hand hygiene 
required at this moment aims at preventing HCAI.
Moment 3- After body fluid exposure risk
After a care task associated with a risk to expose hands to body fluids, 
e.g. after accessing a critical site with body fluid exposure risk or a 
critical site with combined infectious risk (body fluid site), hand 
hygiene is required instantly and must take place before any next 
hand-to-surface exposure, even within the same patient zone. This 
hand hygiene action has a double objective. First and most 
importantly, it reduces the risk of colonization or infection of HCWs 
with infectious agents that may occur even without visible soiling. 
Second, it reduces the risk of a transmission of microorganisms from 
a “colonized” to a “clean” body site within the same patient.
Moment 4- After touching a patient
When leaving the patient zone after a care sequence, before touching 
an object in the area outside the patient zone and before a subsequent 
hand exposure to any surface in the health-care area, hand hygiene 
minimizes the risk of dissemination to the health-care environment, 
substantially reduces contamination of HCWs' hands with the flora 
from patient X, and protects the HCWs themselves.
Moment 5-After touching patient surroundings
The fifth moment for hand hygiene is a variant of Moment 4: it occurs 
after hand exposure to any surface in the patient zone, and before a 
subsequent hand exposure to any surface in the health-care area, but 
without touching the patient. This typically extends to objects 
contaminated by the patient flora that are extracted from the patient 
zone to be decontaminated or discarded. Because hand exposure to 
patient objects, but without physical contact with the patients, is 
associated with hand contamination, hand hygiene is still required.
Considering its importance and to empower hand hygiene in health 
care system, WHO has given guidelines on hand hygiene.

WHO guidelines on Hand hygiene -
A. Apply a palmful of alcohol-based handrub and cover all surfaces 

of the hands. Rub hands until dry.
B. When washing hands with soap and water, wet hands with water 

and apply the amount of product necessary to cover all surfaces. 
Rinse hands with water and dry thoroughly with a single-use 
towel. Use clean, running water whenever possible. Avoid using 
hot water, as repeated exposure to hot water may increase the risk 
of dermatitis.

 Use towel to turn off tap/faucet. Dry hands thoroughly using a 
method that does not recontaminate hands. Make sure towels are 
not used multiple times or by multiple people.

Recommendations for surgical hand preparation
A. Remove rings, wrist-watch, and bracelets before beginning 

surgical hand preparation. Artificial nails are prohibited.
B. Sinks should be designed to reduce the risk of splashes.
C. If hands are visibly soiled, wash hands with plain soap before 

surgical hand preparation. Remove debris from underneath 
fingernails using a nail cleaner, preferably under running water.
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F. If quality of water is not assured in the operating theatre; surgical 
hand antisepsis using an alcohol-based handrub is recommended 
before donning sterile gloves when performing surgical 
procedures. 

G. When performing surgical hand antisepsis using an antimicrobial 
soap, scrub hands and forearms for the length of time 
recommended by the manufacturer, typically 2–5 minutes. Long 
scrub times (e.g. 10 minutes) are not necessary.

H. When using an alcohol-based surgical handrub product with 
sustained activity, follow the manufacturer's instructions for 
application times. Apply the product to dry hands only. Do not 
combine surgical hand scrub and surgical handrub with alcohol-
based products sequentially.

I. When using an alcohol-based handrub, use sufficient product to 
keep hands and forearms wet with the handrub throughout the 
surgical hand preparation procedure.

J. After application of the alcohol-based handrub as recommended, 
allow hands and forearms to dry thoroughly before donning 
sterile gloves.

Other aspects of hand hygiene
A. Do not wear artificial fingernails or extenders when having direct 

contact with patients.
B. Keep natural nails short (tips less than 0.5 cm long or 

approximately ¼ inch)
These guidelines will help to achieve the goal of infection control in 
health-care system.

Selection and handling of hand hygiene agents
A. Provide HCWs with efficacious hand hygiene products that have 

low irritancy potential.
B. To maximize acceptance of hand hygiene products by HCWs, 

solicit their input regarding the skin tolerance, feel, and fragrance 
of any products under consideration.

C. When selecting hand hygiene products:
1. Determine any known interaction between products used to clean 

hands, skin care products, and the types of glove used in the 
institution. 

2. Solicit information from manufacturers about the risk of product 
contamination.

3. Ensure that dispensers are accessible at the point of care.
4. Ensure that dispensers function adequately and reliably and 

deliver an appropriate volume of the product.
5. Ensure that the dispenser system for alcohol-based handrubs is 

approved for flammable materials;
6. Solicit and evaluate information from manufacturers regarding 

any effect that hand lotions, creams, or alcohol-based handrubs 
may have on the effects of antimicrobial soaps being used in the 
institution

7. Cost comparisons should only be made for products that meet 
requirements for efficacy, skin tolerance, and acceptability 

8. Do not add soap or alcohol-based formulations to a partially 
empty soap dispenser. If soap dispensers are reused, follow 
recommended procedures for cleansing.

WHO recommends alcohol-based handrubs which are the only 
known means for rapidly and effectively inactivating a wide array of 
potentially harmful microorganism, at present.
WHO -World Health Organization
HCW - Healthcare Worker
HCAI - Healthcare Associated Infections 

References
WHO Guidelines on Hand Hygiene in Health Care. First Global 
Patient Safety Challenge - Clean Care is Safe Care. 
www.ncbi.nlm.nih.gov/books/NBK144035/

D. Brushes are not recommended for surgical hand Preparation. 
Surgical hand antisepsis should be performed using either a 
suitable antimicrobial soap or suitable alcohol-based handrub, 
preferably with a product ensuring sustained activity, before 
donning sterile gloves.

www.tulipgroup.comMicroxpress 4



Tackling antibiotic resistance through 
hand hygiene practices

Antimicrobial resistance occurs when a microorganism is no longer 
destroyed or stopped from reproducing by an anti-microbial 
medicine to which it was originally sensitive - quite simply, “the 
drugs don’t work anymore”. In recent years, some common 
pathogens have demonstrated multi-drug resistance and have caused 
infections, including those of urinary tract, bloodstream and wounds.
More recently, microbes have started to show resistance to a group of 
antibiotics called carbepenemases; yet another group of antibiotics 
no longer work as effectively to clear infections. The number of 
antibiotics that can treat patients is shrinking, and there are rare cases 
of microbes that have become resistant to almost all antibiotics in 
use, potentially taking us back to a pre-antibiotic age.
Tackling Antimicrobial resistance (AMR) requires action on 
multiple levels, the prudent use of antibiotics being one of the key 
actions.
The importance of infection prevention and control in general and 
hand hygiene in particular in preventing the spread of 
microorganisms has been repeatedly highlighted. One way to control 
AMR is ensuring that resistant microorganisms are not spread via the 
hands of (mainly) healthcare workers, and do not have the 
opportunity to invade vulnerable patients’ bodies. Hand hygiene 
helps to make this potential threat into an avoidable one.
Hand hygiene undertaken at the right time - the WHO’s 5 Moments 
for Hand Hygiene - prevents the spread of resistant or sensitive 
organisms that can be present on or in patients or in our environment.

Antibiotic Resistance
When exposed to antibiotics, bacteria change to reduce or eliminate 
their susceptibility to a specific antibiotic. By developing resistance, 
the bacteria become more difficult or even impossible to treat. Any 
time bacteria are exposed to an antibiotic, some organisms are 
unaffected while others die. These resistant strains then multiply and 
become more prevalent. Overexposure or improper antibiotic use 
promotes bacterial resistance. Antibiotics are only effective against 
bacteria, not viruses.

Emergence of resistant organisms
Staphylococcus aureus
Staphylococcus aureus causes a variety of infections, from 
superficial skin infections to deep tissue infections or more life-
threatening infections such as pneumonia, sepsis, and endocarditis. 
Treatment is with semi-synthetic penicillins and a wide range of 
antibiotic agents.
Methicillin-Resistant Staphylococcus aureus (MRSA) is a strain that 
is no longer sensitive to methicillin (oxacillin/nafcillin) due to 
alterations in penicillin-binding proteins located in bacterial cell 
walls. MRSA is not more virulent than Methicillin-Sensitive S. 
aureus (MSSA), but may be more difficult to treat due to limited 
antibiotic choices. The majority of MRSA isolates are also resistant 
to most other antibiotics, necessitating the use of the glycopeptide 
antibiotic, vancomycin.

Methicillin-resistant Staphylococcus aureus
Methicillin-resistant Staphylococcus aureus first emerged in 
England in 1960, soon after methicillin was introduced for the 
treatment of penicillin-resistant Staphylococci. Colonization with 
MRSA may occur in the nares, axillae, chronic wounds or pressure 

ulcer surfaces, perineum, around gastrostomy and tracheostomy 
sites, and in the sputum or urine.
One of the most common sites of colonization in both patients and 
employees is the nose (anterior nares). As with susceptible strains of 
S. aureus, personnel may become colonized with MRSA but rarely 
develop infections.
MRSA has become a prevalent nosocomial pathogen in hospitals; the 
most important reservoirs of MRSA are infected or colonized 
patients. Although hospital personnel can serve as reservoirs for 
MRSA and may harbor the organism for many months, they have 
been more commonly identified as a link for transmission between 
colonized or infected patients. The main mode of transmission is via 
hands (especially healthcare workers’ hands) which may become 
contaminated by contact with a) colonized or infected patients, b) 
colonized or infected body sites of the personnel themselves, or c) 
devices, items, or environmental surfaces contaminated with body 
fluids containing MRSA.

Vancomycin-resistant Staphylococcus aureus
In June 2002, the first clinical isolate of S. aureus that is fully 
resistant to vancomycin (VRSA) was reported in the United States. 
The vancomycin-resistant genetic material from a co-infecting 
enterococci strain apparently had transferred to Staphylococcus 
aureus within the patient. The patient was successfully treated with 
trimethoprim sulfamethoxazole and the isolate was susceptible to 
several other drugs.
In the healthcare setting, the CDC recommends a patient with VRSA 
be placed in a private room and have dedicated patient care items. 
Health care workers providing care to such patients must follow 
Contact Precautions. 

Enterococcus 
Enterococci are part of the normal flora found in the gastrointestinal 
and female genital tracts. Most Enterococcal infections have been 
attributed to endogenous flora within the individual patient. 
However, patient-to-patient transmission can and does occur via 
direct contact, or indirectly via hands of personnel, contaminated 
equipment or environmental surfaces.
In the past, all Enterococci were sensitive to antibiotics such as 
ampicillin and vancomycin.

Vancomycin-resistant Enterococcus (VRE)
Vancomycin-resistant enterococci (VRE) are no more virulent than 
antimicrobial-sensitive enterococci but VRE poses distinct 
problems. These include the lack of available antibacterials and the 
possibility that vancomycin-resistant genes may be transferred to 
other gram-positive microorganisms.

Infections by multidrug-resistant organisms (MDROs) are 
increasing worldwide.
Prevention of spread and control of MDROs in health-care settings 
are critical and urgent as the number of antibiotics available to treat 
these infections is extremely limited and development of new 
antibiotics is not forthcoming in the foreseeable future. Worldwide, 
the most common bacteria causing health-care associated infections 
(HAIs) are:
MRSA Methicillin resistant Staphyloccous aureus
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VRE Vancomycin resistant Enterococci spp.
ESBL Extended-spectrum beta (β)-lactamase gram-negative 
organisms
CRE Carbapenems resistant Enterobacterales
MRAB Multi-resistant Acinetobacter baumannii
The emergence of resistance in these microorganisms has mainly 
been caused by an inappropriate use of antibiotics in general and use 
of broad spectrum antibiotics in particular.
In addition the spread of MDROs in health-care settings is common 
and occurs mostly via health-care workers' (HCWs) contaminated 
hands, contaminated items/equipment and environment often 
leading to outbreaks and serious infections especially in critically ill 
patients.
Therefore, implementation of standard precautions for all patients 
all the time is key to preventing spread of all microorganisms and 
MDROs in particular. Hand hygiene performance according to 
recommendations is the most important measure among standard 
precautions.

Health care associated infections (HAIs)
Health care associated infections are drawing increasing attention 
from patients, insurers, governments and regulatory bodies. This is 
not only because of the magnitude of the problem in terms of the 
associated morbidity, mortality and cost of treatment, but also due to 
the growing recognition that most of these are preventable. The 
medical community is witnessing in tandem unprecedented 
advancements in the understanding of pathophysiology of infectious 
diseases and the global spread of multi-drug resistant infections in 
health care set-ups. These factors, compounded by the paucity of 
availability of new antimicrobials have necessitated a re-look into 
the role of basic practices of infection prevention in modern day 
health care. There is now undisputed evidence that strict adherence to 
hand hygiene reduces the risk of cross-transmission of infections. 
With “Clean Care is Safer Care” as a prime agenda of the global 
initiative of WHO on patient safety programmes, it is time for 
developing countries to formulate the much-needed policies for 
implementation of basic infection prevention practices in health care 
set-ups.

Normal flora of hands
There are two types of microbes colonizing hands: the resident flora, 
which consists of microorganisms residing under the superficial cells 
of the stratum corneum and the transient flora, which colonizes the 
superficial layers of the skin, and is more amenable to removal by 
routine hand hygiene. Transient microorganisms survive, but do not 
usually multiply on the skin. They are often acquired by health care 
workers (HCWs) during direct contact with patients or their nearby 
contaminated environmental surfaces and are the organisms most 
frequently associated with HCAIs.

Colonization of hands with pathogens and their role in 
transmission
The hands of HCWs are commonly colonized with pathogens like 
Methicillin resistant S. aureus (MRSA), Vancomycin resistant 
Enterococcus (VRE), MDR-Gram Negative bacteria (GNBs), 
Candida spp. and Clostridium difficle, which can survive for as long 
as 150 h. Approximately 106 skin epithelial cells containing viable 
microorganisms are shed daily from the normal skin, which can 
contaminate the gowns, bed linen, bedside furniture, and other 
objects in the patient's immediate environment. Hand carriage of 
resistant pathogens has repeatedly been shown to be associated with 
nosocomial infections. The highest rates of hand contamination are 
reported from critical care areas, which also report most cases of 
cross-transmission. The hands may become contaminated by merely 

touching the patent's intact skin or inanimate objects in patients’ 
rooms or during the “clean” procedures like recording blood pressure

Importance of hand hygiene
Proper hand hygiene is the single most important, simplest, and least 
expensive means of reducing the prevalence of HAIs and the spread 
of antimicrobial resistance. Several studies have demonstrated that 
handwashing virtally eradicates the carriage of MRSA which 
invariably occurs on the hands of HCPs working in ICUs. An 
increase in handwashing compliance has been found to be 
accompanied by a fall in MRSA rates. The hand hygiene liason group 
identified nine controlled studies, all of which showed significant 
reductions in infection related outcomes, even in settings with a high 
infection rates in critically ill patients. Transmission of Health-care-
associated Klebsiella sp. has also been documented to reduce with 
improvement in hand hygiene. The evidence suggests that adherence 
to hand hygiene practices has significantly reduced the rates of 
acquisition of pathogens on hands and has ultimately reduced the 
rates of HAIs in a hospital.

Indications for hand hygiene during patient care
Wash hands with soap and water when (i) visibly dirty or 
contaminated with proteinaceous material, blood, or other body 
fluids and if exposure to Bacillus anthracis is suspected or proven 
(since the physical action of washing and rinsing hands in such 
circumstances is recommended because alcohols, chlorhexidine, 
iodophors, and other antiseptic agents have poor activity against 
spores); (ii) After using a restroom, wash hands with a non-
antimicrobial soap and water or with an antimicrobial soap and 
water; and (iii) before and after having food.
In all other clinical situations described below, when hands are not 
visibly soiled, an alcohol-based hand rub should be used routinely 
for decontaminating hands. (i) Before having direct contact with 
patients. (ii) Before donning sterile gloves when inserting a central 
intravascular catheter. (iii) Before inserting indwelling urinary 
catheters, peripheral vascular catheters, or other invasive devices 
that do not require a surgical procedure. (iv) After contact with a 
patient's intact skin (e.g., when taking a pulse or blood pressure or 
lifting a patient). (v) After contact with body fluids or excretions, 
mucous membranes, nonintact skin, and wound dressings if hands 
are not visibly soiled. (vi) After contact with inanimate objects 
(including medical equipment) in the immediate vicinity of the 
patient. (vii) After removing gloves. (viii) If moving from a 
contaminated body site to a clean body site during patient care.
The WHO “SAVE LIVES: Clean Your Hands” programme 
reinforces the “My 5 Moments for Hand Hygiene” approach as key 
to protect the patients, HCWs and the health-care environment 
against the spread of pathogens and thus reduce HAIs. This approach 
encourages HCWs to clean their hands: before touching a patient, 
before clean/aseptic procedures, after body fluid exposure/risk, after 
touching a patient and after touching patient surroundings.
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Methods used to improve hand hygiene compliance
Multimodal strategies have been shown to be more successful in 
improving rates of adherence with hand hygiene in HCWs than 
single interventions. Targeted, multi-faceted approaches focusing on 
system change, administrative support, motivation, availability of 
alcohol-based hand rubs, training and intensive education of HCWs 
and reminders in the workplace have been recommended for 
improvement in hand hygiene.
Recent studies support the fact that interactive educational 
programmes combined with free availability of hand disinfectants 
significantly increased the hand hygiene compliance. The four 
member States of the European Union, which implemented National 
Hand Hygiene Campaigns found the following strategies to be 
extremely useful in their countries: Governmental support, the use of 
indicators for hand hygiene benchmarking, developing national 
surveillance systems for auditing alcohol based hand rub 

4consumption and auditing hand hygiene compliance . Trampuz et al 
advocated simple training sessions for HCWs to be held in each ward 
to introduce the advantage of alcohol hand rubs over hand washing.
Other factors like positive role modeling (hand hygiene behaviour of 
senior practitioners) and the use of performance indicators also 
remarkably improve adherence to hand hygiene. There should be 
adequate supply of hand hygiene products, lotions and creams, 
disposable towels and facilities for hand washing, where necessary. 
Alcohol hand rubs should be available at the point of care in 
sufficient quantities. It needs to be emphasized that wearing gloves 
does not replace the need for hand hygiene and that contamination 
may occur during glove removal. Studies by Pitet showed a 
remarkable and long lasting improvement in hand hygiene 
compliance using a multimodal strategy, which has been adopted by 
the first Global Patient Safety Challenge of WHO to develop hand 
hygiene strategies. The availability of individual, pocket carried 
bottles also increased compliance.
Apart from this, all hospitals should have a dynamic infection control 
team, robust surveillance system, adequate staff to disseminate 
evidence-based knowledge in an easily comprehensible way to all 
cadres of staff. At a more local or regional level, there is a need for 
institutional frameworks or programmes to deal with HAIs.
According to WHO, convincing evidence that improved hand 
hygiene practices lead to a reduction of infections caused by 
multidrug resistant bacteria in health facilities has been presented in 
a new report. For example, when hand hygiene compliance in health 
facilities increases from poor (<60%) to excellent (90%), there can 
be a 24% reduction in Methicillin-Resistant Staphylococcus aureus 
(MRSA) acquisition.
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Importance of Automated Liquid / Gel Dispenser for 
Hands in Hospitals, Pharmaceuticals and Food Industries

The relations among between the environment, hygiene, and 
hospital-acquired infections (HAIs) were first detailed in Ignaz 
Semmelweis's landmark 1846 study regarding infection in a Vienna 
maternity hospital. Semmelweis observed that the significantly 
higher postpartum maternal infection and mortality rate in one 
obstetrics ward was likely related to the poor hand hygiene practices 
of its healthcare workers (HCWs), who often came directly from the 
morgue after performing autopsies. He believed that the HCWs were 
transmitting ''cadaverous particles'' from the autopsy suite to the 
obstetrics ward via hand contact, resulting in puerperal sepsis. A 
subsequent change to more rigorous and mandatory hand hygiene 
greatly decreased the infection and mortality rates. Hand hygiene has 
since grown to be regarded as the major weapon against HAI.

Today, HAI continues to be a substantial problem, accounting for an 
estimated 1.7 million infections and 99,000 deaths each year in the 
United States. Such infections can be spread by direct person-to-
person contact, as well as via contaminated inanimate objects in the 
environment, known as fomites. Fomites act as reservoirs for 
pathogens that can then be passed to the hands of HCWs, who, in 
turn, act as vectors in the spread of organisms to patients.

Fomites can be found throughout the hospital. Better-known fomites 
are the bed linens, bed rails, furniture, countertops, and floors of 
patient rooms. Door handles andcurtains have been found to harbour 
pathogens. Mobile fomites that may themselves act as vectors 
include stethoscopes, blood pressure cuffs, phlebotomy tourniquets, 
pens, staff identification badges, and cellular telephones.

Pathogens can survive on their inanimate hosts for long periods of 
time and may be difficult to eradicate despite conventional cleaning. 
The most common nosocomial pathogens may survive for months on 
dry, inanimate surfaces, with longer persistence associated with 
humid cool conditions, higher inoculum, and certain surface 
characteristics. Efficient transfer of pathogens from fomites to the 
hands of HCWs has been demonstrated. Finally, the subsequent 
transfer to patients resulting in HAI has been shown.

“Touchless technology is a good idea, because hard surfaces are 
significant transfer points for bacteria and viruses,” says Charles 
Gerba, PhD, a microbiologist at the University of Arizona, Tucson. 
“Much of what people put down on a surface can be picked up by the 
next person who comes along, and in an age where people share more 
spaces and surfaces than ever before, touchless technology can help 
prevent cross-contamination.”

It is intuitive to think that the less a potentially contaminated surface 
is touched, the better, so the advent of automated sink fixtures as well 
as soap and towel dispensers has been heralded as an important way 
to reduce the opportunities for cross contamination and hand carriage 
of pathogenic microorganisms. But how many clinicians consider 
the role that handwashing stations play in opportunities for cross-
contamination?

As experts debate the role inanimate objects play in the transmission 
of infectious agents, few would doubt that the contamination of 

environmental surfaces such as handwashing sinks is a major issue. 
“Clearly inanimate surfaces play a role, particularly with organisms 
such as  (VRE) and vancomycin-resistant Enterococcus Clostridium 
difficile,” says Columbia University's Elaine Larson, RN, PhD, 
FAAN, CIC. “But it seems pretty clear that direct contact (i.e., 
person-to-person touching) remains the most important mode of 
cross transmission. Nevertheless, housekeeping and environmental 
cleaning seem to have taken too much of a back seat and we need to 
re-emphasize the great importance of keeping the healthcare setting 
(as well as the people) free of a large microbial bioload.”

Supporters of touchless technology frequently point to a study by 
Larson et al. that compared the frequency of use of manually 
operated and touch-free dispensers of alcohol sanitizer installed in 
the emergency department and an intensive care unit of a large 
paediatric hospital for two, two-month periods for each type of 
dispenser. Counting devices installed in each dispenser and direct 
observations were used to determine actual frequency of and 
indications for hand hygiene. Larson et al. found that the touch-free 
dispensers were used significantly more often than were the manual 
dispensers. The means for the number of episodes of hand hygiene 
per hour were 4.42 for the touch-free dispensers and 3.33 for the 
manual dispensers (P = .04); the means for the number of episodes 
per patient per hour were 2.22 and 1.79, respectively (P = .004); and 
the means for the number of uses of the dispenser per day were 41.2 
and 25.6, respectively (P = .02). However, the overall compliance 
rate was 38.4 percent (2,136 episodes of hand hygiene per 5,568 
indications for hand hygiene).

The researchers concluded that while the type of dispensing system 
influenced hand hygiene behaviour, overall compliance remained 
low and that in order for interventions to have a major effect on hand 
hygiene, multiple factors must be considered.

Kampf,Girard, Bischoffand Pittet concur that hand hygiene 
compliance is boosted when convenient, readily accessible 
dispensers are installed, although Muto et al. found that compliance 
did not improve when alcohol dispensers were placed by every 
patient's door in two units. While every hospital's experience with 
touchless dispensers will undoubtedly be different, the hope of 
decreased cross-contamination and improved hand hygiene 
compliance is usually the biggest reason why healthcare facilities 
embrace this technology.

Larson et al write, “Although no evidence indicates that devices that 
must be manually pressed to dispense cleanser increase the risk of 
transferring microbes, healthcare staff may express concern about 
the safety of touching dispensers and may prefer dispensers that are 
more accessible and easier to use than the manual ones are. Such 
concerns may be a deterrent to using manual dispensers.” Larson et 
al. write further, “Our finding that the number of hand hygiene 
episodes overall was higher for the touch-free dispenser than for the 
manual dispenser is consistent with the hypothesis that the delivery 
system has an effect on behaviour and that a touch-free dispenser 
may be preferred by healthcare professionals, food and 
pharmaceutical industries.”
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Antiseptics and Areas of concern (I)

Alcohols
Although several alcohols have been shown to be effective 
antimicrobials, ethyl alcohol (ethanol), isopropyl alcohol 
(isopropanol, propan-2-ol) and n-propanol are the most widely used. 
Alcohols exhibit rapid broad-spectrum antimicrobial activity against 
vegetative bacteria (including Mycobacteria), viruses, and fungi but 
are not sporicidal. They are, however, known to inhibit sporulation 
and spore germination, but this effect is reversible. Because of the 
lack of sporicidal activity, alcohols are not recommended for 
sterilization but are widely used for both hardsurface disinfection 
and skin antisepsis. Lower concentrations may also be used as 
preservatives and to potentiate the activity of other biocides. Many 
alcohol products include low levels of other biocides (in particular 
chlorhexidine), which remain on the skin following evaporation of 
the alcohol, or excipients (including emollients), which decrease the 
evaporation time of the alcohol and can significantly increase 
product efficacy. In general, isopropyl alcohol is considered slightly 
more efficacious against bacteria and ethyl alcohol is more potent 
against viruses; however, this is dependent on the concentrations of 
both the active agent and the test microorganism. For example, 
isopropyl alcohol has greater lipophilic properties than ethyl alcohol 
and is less active against hydrophilic viruses (e.g., poliovirus). 
Generally, the antimicrobial activity of alcohols is significantly 
lower at concentrations below 50% and is optimal in the 60 to 90% 
range. Little is known about the specific mode of action of alcohols, 
but based on the increased efficacy in the presence of water; it is 
generally believed that they cause membrane damage and rapid 
denaturation of proteins, with subsequent interference with 
metabolism and cell lysis. This is supported by specific reports of 
denaturation of Escherichia coli dehydrogenases and an increased 
lag phase in Enterobacter aerogenes, speculated to be due to 
inhibition of metabolism required for rapid cell division.

Anilides
The anilides have been investigated primarily for use as antiseptics, 
but they are rarely used in the clinic. Triclocarban (TCC; 3,4,49-
triclorocarbanilide) is the most extensively studied in this series and 
is used mostly in consumer soaps and deodorants. TCC is 
particularly active against gram-positive bacteria but significantly 
less active against gram-negative bacteria and fungi and lacks 
appreciable substantivity (persistency) for the skin. The anilides are 
thought to act by adsorbing to and destroying the semipermeable 
character of the cytoplasmic membrane, leading to cell death.

Chlorhexidine
Chlorhexidine is probably the most widely used biocide in antiseptic 
products, in particular in handwashing and oral products but also as a 
disinfectant and preservative. This is due in particular to its broad-
spectrum efficacy, substantivity for the skin, and low irritation. Of 
note, irritability has been described and in many cases may be 
product specific. Despite the advantages of chlorhexidine, its 
activity is pH dependent and is greatly reduced in the presence of 
organic matter. A considerable amount of research has been 
undertaken on the mechanism of the antimicrobial action of this 
important bisbiguanide, although most of the attention has been 
devoted to the way in which it inactivates nonsporulating bacteria. 
Nevertheless, sufficient data are now available to examine its 
sporostatic and mycobacteriostatic action, its effects on yeasts and 
protozoa, and its antiviral activity. Chlorhexidine is a bactericidal 
agent. Its interaction and uptake by bacteria were studied initially by 

Hugo et al., who found that the uptake of chlorhexidine by E. coli and 
S. aureus was very rapid and depended on the chlorhexidine 
concentration and pH. More recently, by using [14C] chlorhexidine 
gluconate, the uptake by bacteria and yeasts was shown to be 
extremely rapid, with a maximum effect occurring within 20s. 
Damage to the outer cell layers takes place but is insufficient to 
induce lysis or cell death. The agent then crosses the cell wall or outer 
membrane, presumably by passive diffusion, and subsequently 
attacks the bacterial cytoplasmic or inner membrane or the yeast 
plasma membrane. In yeasts, chlorhexidine “partitions” into the cell 
wall, plasma membrane, and cytoplasm of cells. Damage to the 
delicate semipermeable membrane is followed by leakage of 
intracellular constituents, which can be measured by appropriate 
techniques. Leakage is not per se responsible for cellular inactivation 
but is a consequence of cell death. High concentrations of 
chlorhexidine cause coagulation of intracellular constituents. As a 
result, the cytoplasm becomes congealed, with a consequent 
reduction in leakage, so that there is a biphasic effect on membrane 
permeability. An initial high rate of leakage rises as the concentration 
of chlorhexidine increases, but leakage is reduced at higher biocide 
concentrations because of the coagulation of the cytosol. 
Chlorhexidine was claimed by Harold et al. to be an inhibitor of both 
membrane-bound and soluble ATPase as well as of net K1 uptake in 
Enterococcus faecalis. However, only high biguanide 
concentrations inhibit membrane bound ATPase, which suggests that 
the enzyme is not a primary target for chlorhexidine action. Although 
chlorhexidine collapses the membrane potential, it is membrane 
disruption rather than ATPase inactivation that is associated with its 
lethal effects. The effects of chlorhexidine on yeast cells are probably 
similar to those previously described for bacteria. Chlorhexidine has 
a biphasic effect on protoplast lysis, with reduced lysis at higher 
biguanide concentrations. Furthermore, in whole cells, the yeast cell 
wall may have some effect in limiting the uptake of the biguanide. 
The findings presented here and elsewhere demonstrate an effect on 
the fungal plasma membrane but with significant actions elsewhere 
in the cell. Increasing concentrations of chlorhexidine (up to 25 
mg/ml) induce progressive lysis of Saccharomyces cerevisiae 
protoplasts, but higher biguanide concentrations result in reduced 
lysis. Work to date suggests that chlorhexidine has a similar effect on 
the trophozoites of Acanthameoba castellanii, with the cysts being 
less sensitive. Furr reviewed the effects of chlorhexidine and other 
biocides on Acanthameoba and showed that membrane damage in 
these protozoa is a significant factor in their inactivation. 
Mycobacteria are generally highly resistant to chlorhexidine. Little 
is known about the uptake of chlorhexidine (and other antiseptics and 
disinfectants) by Mycobacteria and on the biochemical changes that 
occur in the treated cells. Since the MICs for some mycobacteria are 
on the order of those for chlorhexidine-sensitive, gram-positive 
cocci, the inhibitory effects of chlorhexidine on mycobacteria may 
not be dissimilar to those on susceptible bacteria. Mycobacterium 
aviumintracellulareis considerably more resistant than other 
mycobacteria. Chlorhexidine is not sporicidal. Even high 
concentrations of the bisbiguanide do not affect the viability of 
Bacillus spores at ambient temperatures, although a marked 
sporicidal effect is achieved at elevated temperatures. Presumably, 
sufficient changes occur in the spore structure to permit an increased 
uptake of the biguanide, although this has yet to be shown 
experimentally. Little is known about the uptake of chlorhexidine by 
bacterial spores, although coatless forms take up more of the 
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compound than do “normal” spores. Chlorhexidine has little effect 
on the germination of bacterial spores but inhibits outgrowth. The 
reason for its lack of effect on the former process but its significant 
activity against the latter is unclear. It could, however, be reflected in 
the relative uptake of chlorhexidine, since germinating cells take up 
much less of the bisbiguanide than do outgrowing forms. Binding 
sites could thus be reduced in number or masked in germinating cells. 
The antiviral activity of chlorhexidine is variable. Studies with 
different types of bacteriophages have shown that chlorhexidine has 
no effect on MS2 or K coliphages. High concentrations also failed to 
inactivate Pseudomonas aeruginosa phage F116 and had no effect on 
phage DNA within the capsid or on phage proteins; the transduction 
process was more sensitive to chlorhexidine and other biocides than 
was the phage itself. This substantiated an earlier finding that 
chlorhexidine bound poorly to F116 particles. Chlorhexidine is not 
always considered a particularly effective antiviral agent, and its 
activity is restricted to the lipid-enveloped viruses. Chlorhexidine 
does not inactivate nonenveloped viruses such as rotavirus, HAV, or 
poliovirus. Its activity was found by Ranganathan to be restricted to 
the nucleic acid core or the outer coat, although it is likely that the 
latter would be a more important target site.

Alexidine
Alexidine differs chemically from chlorhexidine in possessing 
ethylhexyl end groups. Alexidine is more rapidly bactericidal and 
produces a significantly faster alteration in bactericidal permeability. 
Studies with mixed-lipid and pure phospholipid vesicles 
demonstrate that, unlike chlorhexidine, alexidine produces lipid 
phase separation and domain formation. It has been proposed that the 
nature of the ethylhexyl end group in alexidine, as opposed to the 
chlorophenol one in chlorhexidine, might influence the ability of a 
biguanide to produce lipid domains in the cytoplasmic membrane. 

Triclosan
Triclosan (2,4,49-trichloro-29-hydroxydiphenyl ether; exhibits 
particular activity against grampositive bacteria. Its efficacy against 
gram-negative bacteria and yeasts can be significantly enhanced by 
formulation effects. For example, triclosan in combination with 
EDTA caused increased permeability of the outer membrane. 
Reports have also suggested that in addition to its antibacterial 
properties, triclosan may have anti-inflammatory activity. The 
specific mode of action of triclosan is unknown, but it has been 
suggested that the primary effects are on the cytoplasmic membrane. 
In studies with E. coli, triclosan at subinhibitory concentrations 
inhibited the uptake of essential nutrients, while higher, bactericidal 
concentrations resulted in the rapid release of cellular components 
and cell death. Studies with a divalent-ion-dependent E. coli 
triclosan mutant for which the triclosan MIC was 10-fold greater 
than that for a wildtype strain showed no significant differences in 
total envelope protein profiles but did show significant differences in 
envelope fatty acids. Specifically, a prominent 14:1 fatty acid was 
absent in the resistant strain, and there were minor differences in 
other fatty acid species. It was proposed that divalent ions and fatty 
acids may adsorb and limit the permeability of triclosan to its site of 
action. Minor changes in fatty acid profiles were recently found in 
both E. coli and S. aureus strains for which the triclosan MICs were 
elevated; however, the MBCs were not affected, suggesting, as for 
other phenols, that the cumulative effects on multiple targets 
contribute to the bactericidal activity.
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Antiseptics and Areas of concern (II)

Polymeric biguanide (PHMB)
Polymeric biguanide is a hetero disperse mixture of 
polyhexamethylene biguanides (PHMB) with a molecular weight of 
approximately 3,000. Earlier Polymeric biguanides have found use 
as general disinfecting agents in the food industry and, very 
successfully, for the disinfection of swimming pools. But presently it 
is found to be very effective antiseptic for acute as well as chronic 
wounds. This is active against gram-positive and gram-negative 
bacteria and also sporicidal. PHMB is a membrane-active agent that 
also impairs the integrity of the outer membrane of gramnegative 
bacteria, although the membrane may also act as a permeability 
barrier. Activity of PHMB increases on a weight basis with 
increasing levels of polymerization, which has been linked to 
enhanced inner membrane perturbation. Unlike chlorhexidine but 
similar to alexidine, PHMB causes domain formation of the acidic 
phospholipids of the cytoplasmic membrane. Permeability changes 
ensue, and there is believed to be an altered function of some 
membrane-associated enzymes. The proposed sequence of events 
during its interaction with the cell envelope of E. coli is as follows: (i) 
there is rapid attraction with strong and specific adsorption to 
phosphate-containing compounds; (ii) the integrity of the outer 
membrane is impaired, and PHMB is attracted to the inner 
membrane; (iii) binding of PHMB to phospholipids occurs, with an 
increase in inner membrane permeability (K1 loss) accompanied by 
bacteriostasis; and (iv) complete loss of membrane function follows, 
with precipitation of intracellular constituents and a bactericidal 
effect.

Iodine and iodophors
Although less reactive than chlorine, iodine is rapidly bactericidal, 
fungicidal, tuberculocidal and virucidal. Although aqueous or 
alcoholic (tincture) solutions of iodine have been used for 150 years 
as antiseptics, they are associated with irritation and excessive 
staining. In addition, aqueous solutions are generally unstable; in 
solution, at least seven iodine species are present in a complex 
equilibrium, with molecular iodine (I2) being primarily responsible 
for antimictrobial efficacy. These problems were overcome by the 
development of iodophors (“iodine carriers” or “iodine-releasing 
agents”); the most widely used are povidoneiodine and poloxamer-
iodine in both antiseptics and disinfectants. Iodophors are complexes 
of iodine and a solubilizing agent or carrier, which acts as a reservoir 
of the active “free” iodine. Although germicidal activity is 
maintained, iodophors are considered less active against certain 
fungi and spores than are tinctures. Similar to chlorine, the 
antimicrobial action of iodine is rapid, even at low concentrations, 
but the exact mode of action is unknown. Iodine rapidly penetrates 
into microorganisms and attacks key groups of proteins (in particular 
the freesulfur amino acids cysteine and methionine, nucleotides, and 
fatty acids, which culminates in cell death. Less is known about the 
antiviral action of iodine, but nonlipid viruses and parvoviruses are 
less sensitive than lipid enveloped viruses. Similarly to bacteria, it is 
likely that iodine attacks the surface proteins of enveloped viruses, 
but they may also destabilize membrane fatty acids by reacting with 
unsaturated carbon bonds.

Silver Compounds
In one form or another, silver and its compounds have long been used 
as antimicrobial agents. The most important silver compound 
currently in use is silver sulfadiazine (AgSD), although silver metal, 
silver acetate, silver nitrate, and silver protein, all of which have 

antimicrobial properties, are listed in Martindale, The Extra 
Pharmacopoeia. In recent years, silver compounds have been used to 
prevent the infection of burns and some eye infections and to destroy 
warts.

Silver nitrate
The mechanism of the antimicrobial action of silver ions is 
closelymrelated to their interaction with thiol (sulfydryl,™SH) 
groups, although other target sites remain a possibility. Liau et al 
demonstrated that amino acids such as cysteine and other compounds 
such as sodium thioglycolate containing thiol groups neutralized the 
activity of silver nitrate against P. aeruginosa. By contrast, amino 
acids containing disulfide (SS) bonds, nonsulfurcontaining amino 
acids, and sulfur-containing compounds such as cystathione, cysteic 
acid, L-methionine, taurine, sodium bisulfite, and sodium thiosulfate 
were all unable to neutralize Ag1 activity. These and other findings 
imply that interaction of Ag1 with thiol groups in enzymes and 
proteins plays an essential role in bacterial inactivation, although 
other cellular components may be involved. Hydrogen bonding, the 
effects of hydrogen bondbreaking agents, and the specificity of Ag1 
for thiol groups were discussed in greater detail by Russell and Hugo. 
Virucidal properties might also be explained by binding to ™SH 
groups. Lukens proposed that silver salts and other heavy metals 
such as copper act by binding to key functional groups of fungal 
enzymes. Ag1 causes the release of K1 ions from microorganisms; 
the microbial plasma or cytoplasmic membrane, with which is 
associated many important enzymes, is an important target site form 
Ag1 activity. In addition to its effects on enzymes, Ag1 produces 
other changes in microorganisms. Silver nitrate causes marked 
inhibition of growth of Cryptococcus neoformans and is deposited in 
the vacuole and cell wall as granules. Ag1 inhibits cell division and 
damages the cell envelope and contents of P. aeruginosa. Bacterial 
cells increase in size, and the cytoplasmic membrane, cytoplasmic 
contents, and outer cell layers all exhibit structural abnormalities, 
although without any blebs (protuberances). Finally, the Ag1 ion 
interacts with nucleic acids; it interacts preferentially with the bases 
in DNA rather than with the phosphate groups, although the 
significance of this in terms of its lethal action is unclear.

Silver sulfadiazine
AgSD is essentially a combination of two antibacterial agents, Ag1 
and sulfadiazine (SD). The question whether the antibacterial effect 
of AgSD arises predominantly from only one of the compounds or 
via a synergistic interaction has been posed repeatedly. AgSD has a 
broad spectrum of activity and, unlike silver nitrate, produces surface 
and membrane blebs in susceptible (but not resistant) bacteria. AgSD 
binds to cell components, including DNA. Based on a chemical 
analysis, Fox proposed a polymeric structure of AgSD composed of 
six silver atoms bonding to six SD molecules by linkage of the silver 
atoms to the nitrogens of the SD pyrimidine ring. Bacterial inhibition 
would then presumably be achieved when silver binds to sufficient 
base pairs in the DNA helix, thereby inhibiting transcription. 
Similarly, its antiphage properties have been ascribed to the fact that 
AgSD binds to phage DNA. Clearly, the precise mechanism of action 
of AgSD has yet to be solved.

Bis-Phenols
The bis-phenols are hydroxy-halogenated derivatives of two 
phenolic groups connected by various bridges. In general, they 
exhibit broad-spectrum efficacy but have little activity against P. 
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aeruginosa and molds and are sporostatic toward bacterial spores. 
Triclosan and hexachlorophane are the most widely used biocides in 
this group, especially in antiseptic soaps and hand rinses. Both 
compounds have been shown to have cumulative and persistent 
effects on the skin.

Hexachlorophene
Hexachlorophene (hexachlorophane; 2,29-dihydroxy-3, 5, 6, 39, 59, 
69-hexachlorodiphenylmethane) is another bis-phenol whose mode 
of action has been extensively studied. The primary action of 
hexachlorophene, based on studies with Bacillus megatherium, is to 
inhibit the membranebound part of the electron transport chain, and 
the other effects noted above are secondary ones that occur only at 
high concentrations. It induces leakage, causes protoplast lysis, and 
inhibits respiration. The threshold concentration for the bactericidal 
activity of hexachlorphene is 10 mg/ml (dry weight), but peak 
leakage occurs at concentrations higher than 50 mg/ml and 
cytological changes occur above 30 mg/ml. Furthermore, 
hexachlorophene is bactericidal at 0°C despite causing little leakage 
at this temperature. Despite the broad-spectrum efficacy of 
hexachlorophene, concerns about toxicity, in particular in neonates, 
have meant that its use in antiseptic products has been limited.

Halophenols
Chloroxylenol (4-chloro-3,5-dimethylphenol; p-chloro-mxylenol) 
is the key halophenol used in antiseptic or disinfectant formulations. 
Chloroxylenol is bactericidal, but P. aeruginosa and many molds are 
highly resistant. Surprisingly, its mechanism of action has been little 
studied despite its widespread use over many years. Because of its 
phenolic nature, it would be expected to have an effect on microbial 
membranes.
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The rise in the occurrence of nosocomial or hospital acquired 
infections (HAI) is becoming a huge problem in the hospital / health 
care sector. The incidence, type and magnitude of HAI varies from 
hospital to hospital. It is estimated to be around 10% of hospital 
admissions in South-East Asia. Given the prevailing conditions in 
the hospitals in developing countries, this is likely to increase. 

In a developing country like India, communicable diseases 
especially infectious, parasitic, gastrointestinal, respiratory diseases 
and tuberculosis are among the leading causes of deaths.  The 
number of patients with HIV/AIDS is also increasing. In order to 
fight such a grave situation, hospitals need to develop a programme 
for the implementation of good infection control measures to ensure 
the well being of both patients and  staff by preventing  and 
controlling HAI. 

Three most important components which play an important role for 
an infection to occur in the hospital are - a susceptible host, a 
pathogenic micro-organism and an environment that is congenial for 
the multiplication of the pathogen. The inanimate hospital 
environment  capable of spreading infections comprises of  
l  air, water, food and medicaments
l  Used equipments and instruments
l  Hospital  linen
l  Bio medical waste

Out of these used/dirty hospital linen (bed sheets, pillow covers, 
blankets, gowns,  aprons,  surgical drapes, scrub suits, towels, 
uniforms, lab coats etc) is a major potential source of infection as it is 
likely to be contaminated with a large number of pathogens and may 
contain sufficient moisture to allow these pathogens to continue to 
multiply in the warm hospital environment. Irrespective of  patients 
diagnosis,  all  the used linen of a hospital/ health care center is 
potentially contaminated. Contaminated linen does not only pose a 
threat to the patients admitted in a health care facility and the health 
care workers, it is also dangerous for the laundry personnel 
responsible for processing hundreds of thousands of kilograms of 
contaminated reusable linens annually.  

Careful management - handling and processing of linen, can 
therefore, play an important role in stopping or reducing actual 
pathogen transmission from linen to people or to the environment 
and cause diseases. Linen management is a complex procedure 
which requires
l  Collection and transportation of contaminated linen
l  Sorting of  contaminated linen
l  Washing and appropriate disinfection of contaminated linen
l  Proper storage and distribution of clean linen

Linen management may vary on the basis of the climate, culture, 
systems and procedures of the individual organization.  But it is 
important that the contaminated linen 
l  is handled with minimal agitation to avoid aerosolization of 

pathogenic micro-organisms.
l  is placed in closed bags without sorting or washing at the location 

of use (CDC 1988; OSHA 1991).
l  is rolled or folded to contain the heaviest soil in the center of the 

bundle.
l  wet and foul linen/laundry is placed and transported in leak-proof 

closed bags or containers.

l  from different areas, such as wards, surgical units, uniforms are 
separately collected  and processed. 

l  is transported to laundry-processing area by trolleys / carts / 
containers with lids and never carried near the body.

l  and clean linen is transported in separate and covered trolleys.

Trained and supervised hospital staff who understand the importance 
of safe handling of contaminated linen can minimize the spreading of 
pathogens. Measures like use of protective aprons, facial masks, 
gloves and implementation of effective hand hygiene for the staff 
handling and processing linen, reduces the risk of exposure to 
infectious materials and acquiring work-related infections.  
Collection of soiled linen is a tedious and long process. It may not be 
possible or practical for the linen handling staff to wash their hands 
properly with soap and water periodically. Effective hand hygiene 
can still be achieved by using a liquid quick drying antiseptic 
handrub which is capable of rapid and powerful cidal action and has 
residual activity. Thorough cleaning and disinfection of the bags / 
containers / trolleys / carts used to transport soiled linen after every 
use with a broad spectrum surface disinfectant can further minimize 
the chances of contamination.

Collected hospital linen is transported to a sorting area where it is 
mainly segregated in two categories – foul linen (wet and 
contaminated with blood or body fluids) and soiled linen (not visibly 
dirty and not contaminated with blood or body fluids) before 
washing and is treated separately. Linen from patients suffering from 
resistant pathogens and linen to be hand washed are also segregated. 
Sorting of linen before washing is also important to ensure that there 
are no scalpels, sharp-tipped scissors, hypodermic and suture 
needles, sharp-tipped towel clips or soiled dressings. Storing of 
contaminated linen in the laundry area for long is not advisable.  

Washing of contaminated linen is the most important step in linen 
processing. Proper washing using thermal and chemical measures 
(chemical agents/disinfectants capable of killing / eliminating the 
micro-organisms) can ensure disinfection of used linen. The process 
of eliminating the micro-organisms is known as disinfection/ 
sterilization. It is important to understand the difference between 
disinfection and sterilization. Disinfection in general refers to the 
elimination of only pathogenic micro-organisms and not more 
resistant spores while sterilization means complete elimination of 
pathogens as well as spores.    

Many micro-organisms are physically removed from the linen, by 
the detergent and water, during the proper washing cycle. Washing 
linen at high temperature (71°C) in washing machines for at least 25 
minutes with a preheating period for at least 5 minutes, is generally 
recommended as it kills most vegetative bacteria and viruses. 

Recent studies have shown that a satisfactory reduction of microbial 
contamination can also be achieved at lower water temperatures (22-
50°C) by monitoring and controlling the cycling of the washer, 
detergent and certain additives for adjusting the pH of the water and 
facilitating inactivation of pathogens present in the linen. Addition of 
a mild acidic “souring” agent neutralizes the alkalinity from the 
fabric, water and detergent. This shift in pH from approximately 12 
to 5 may inactivate any remaining bacteria and reduce the potential 
for skin irritation. 

Disinfection of Linen
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Plain detergents (bar, liquid or powder) only lower surface tension 
and help in the removal of dirt/ debris but friction (scrubbing) is 
required to mechanically remove microorganisms. These detergents 
do not kill micro organisms. Addition of disinfectants for washing at 
higher temperatures may not be required. But if hand washing is the 
only option then contaminated linen needs to be  pre-soaked in water, 
soap and disinfectant. This step helps in loosening and removing 
excess dirt/debris as well as decontaminating/disinfecting the linen. 

Cleaning products having antimicrobial agents  both clean and 
disinfect the linen. In most places along with plain detergents, 
chlorine releasing agents such as sodium hypochlorite and hydrogen 
peroxide are used as disinfectants. Use of washing soda and 
bleaching agents is not recommended as these chemical agents get 
rapidly neutralized in the presence of organic matter, blood,  body 
fluids, soaps etc and become ineffective. Repeated use of chlorine 
releasing agents also causes the fabric to decolorize and deteriorate 
more quickly. 

Hospital linen processing also needs to remove blood and body fluid 
stains from the linen. Therefore, use of cleaning agents is required 
which are  not neutralized in the presence of organic matter, 
biodegradable, eco friendly,  can clean, and disinfect linen without 
having any adverse effect on them. New quaternary ammonium 
compounds like Didecyl dimethyl ammonium  chloride (DDAC) 
with broad spectrum disinfection power and additional surfactant 
action are good option as disinfectant and cleaner.

Spreading linen to dry in sunlight and open air (away from any source 
of contamination or pollution) allows exposure to ultraviolet sun 
rays, which produces natural disinfection. In places where drying the 
washed linen in sunlight is not possible electric dryers are used. 
Dryer heat is effective in ensuring  disinfection.  After drying linen is 
subjected to ironing which also has the same effect. This complete 
procedure cleans and disinfects the soiled and contaminated linen. 

There are areas in a hospital, such as surgical units, which require 
sterilized linen (drapes, gowns etc).  Sterilization of such linens is 
achieved with the help of steam sterilization/autoclaving following 

the normal washing and drying cycle to kill any residual spores. Re 
sterilization of previously sterilized linen requires laundering to 
rehydrate it. 

Infection can be easily transferred between contaminated and 
uncontaminated items of clothing, laundry and the environment in 
which they are stored. It is important to store clean linen and supplies 
in a separate place away from the soiled linens. Shelves used for 
storing clean linen need to be cleaned periodically. Clean linen 
should be handled as little as possible.

While addressing one of the most important aspects of linen 
disinfection, that of preventing Nosocomial or Hospital Acquired 
Infections and the prevention of the dissemination of pathogens, 
does not mean that domestic linen should be neglected or only 
disinfected when visibly soiled. 

Domestic linen too gathers dust, microbes and also has the presence 
of dead skin cells that are shed as a result of body friction with the 
linen. This linen too has to be cleansed properly as often as possible 
because the presence of dust particles and mites can cause sensitive 
individuals to get rashes and other allergic reaction, ranging from 
skin inflammations to respiratory tract disorders.

While considering linen disinfection, even linen that is soiled by 
infants and neonates has to be handled with precaution and care, 
especially in those cases when the infant is sick or shows symptoms 
of flu, dysentery, skin lesions including scabies, in such cases the 
linen has to be disinfected thoroughly before the reuse of such linen 
to avoid further disease progression.

Similar precautions have to be taken for sick, ailing adults. 
Especially those that are bedridden or having sores. Proper hygiene 
in such cases is indispensable since the accumulation of microbes on 
the linen can aggravate the disease and the sores.

Hygiene can not only ensure good health, it can also prevent 
infection and frequent infections in highly sensitive persons.
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Best practices for Linen Management in Hospitals

QUICK REFERENCE GUIDE
1. It is the responsibility of the person disposing of the linen to 

ensure that it is segregated into the 3 correct categories.
2. It is the responsibility of both the laundry contractor and hospital 

staff to ensure linen is clean and in a good state of repair.
3. Linen must be stored in a dedicated closed cupboard or fully 

enclosed mobile linen trolley secured from unauthorized 
persons. 

4. Specific ward/department items must be appropriately labeled 
before sending to contracted laundry service.

5. It is staff responsibility to ensure instruments, sharps and non-
laundry items such as pillows, disposable curtains and patient 

belongings are not disposed of with linen.
6. Patients' relatives and carers should be encouraged to wash all 

personal laundry at home and correct washing instructions 
provided.

7. Advice should be requested from Infection Prevention and 
Control team regarding infected linen being placed in the 
infectious waste stream.

8. Infection Prevention and Control policy must be adhered to 
when handling both clean and soiled linen.

9. Linen items should not be used for other than the intended 
purpose i.e. not used to mop up spills.

1. INTRODUCTION
 The provision of clean linen is a fundamental requirement for 

patient care. Incorrect procedures for handling or processing of 
linen can present an infection risk both to staff handling and 
laundering linen, and to patients who subsequently use it. 

2. PURPOSE
 This policy defines the responsibility of managers and staff to 

ensure correct, safe handling and disposal of contaminated 

laundry, and the correct, safe distribution and storage of clean 
linen to minimise infection risk throughout hospitals. 

3. SCOPE
 This Policy applies to all staff, both clinical and non-clinical, 

employed by hospitals, who handle linen and also to all visiting 
staff including tutors, students and agency/locum staff, who 
handle linen.
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 'In the event of an infection outbreak, flu pandemic or major 
incident, the hospital recognizes that it may not be possible to 
adhere to all aspects of this document. In such circumstances, 
staff should take advice from their manager and all possible 
action must be taken to maintain ongoing patient and staff 
safety’

4. DEFINITIONS
 Clean / Unused Linen: Any linen that has not been used since it 

was last laundered and that has not been in close proximity to a 
patient or stored in a contaminated environment.

 Used Linen: All linen used in the ward/department setting that 
is not contaminated with either blood or body fluids. 

 Infected linen: Any used linen that is soiled with blood or any 
other body fluid or any linen used by a patient with a known 
infection (whether soiled or not).

5. DUTIES AND RESPONSIBILITIES
 Infection Prevention Team:
 s Review and update the Linen Handling and Laundry policy
 s Give additional advice regarding laundry and risk 

assessments 
 s Include safe linen handling in all induction and update 

training for clinical staff 
 s Promote good practice and challenge poor practice 
 Matrons / Senior and Ward Sisters: 
 s Must establish a cleanliness culture across their units and 

promote compliance with infection prevention guidelines, 
including linen handling and laundry

 s Promote good practice and challenge poor practice 
 All Healthcare Staff:
 s Must be familiar with and adhere to the relevant infection 

prevention policies to reduce the risk of cross infection of 
patients

 s Must adhere to the full terms and conditions of the linen 
handling and laundry policy 

 s Promote good practice and challenge poor practice
 s Refer to the infection prevention team if unable to follow the 

policy guidelines 

6. PROCESS
 6.1 Segregation of Linen:
 It is the responsibility of the person disposing of the linen to 

ensure that it is segregated appropriately. All linen may be 
segregated into the following three categories:

 s Clean / Unused Linen
 s Dirty / Used Linen
 s Soiled / Infected Linen

 6.1.1 Clean / Unused Linen:
 Clean linen must be in a state of good repair, as tearing or 

roughness can damage the patient's skin. The condition of the 
linen in use should be monitored by the laundry contractor and 
by staff.  Linen should also be free from stains and excessive 
creasing and should be acceptable to both patients and staff. See 
Section 6.7 for procedure on clean linen not fit for use

 6.1.2 Handling of Clean Linen:
 Once laundry has been decontaminated, every effort must be 

made to maintain its quality and cleanliness.

 6.1.3 Delivery:
 Laundry should be delivered to the wards/departments in clean 

covered containers. Clean laundry should not be transported in 
containers used for used / soiled laundry.

 6.1.4 Storage:
 All clean linen must be:
 s stored in a clean, closed cupboard (either a dedicated linen 

cupboard or dedicated, fully enclosed mobile linen trolley). 
Not on top of a trolley as it is a potential fire risk.

 s stored off the floor
 s stored with the linen cupboard/trolley doors closed to 

prevent airborne contamination
 s stored in a clean, dust free environment
 s segregated from used / soiled linen.
 Clean linen must not be stored in unsuitable areas e.g. the sluice, 

bathrooms, in bed spaces or in corridors.

 6.1.5 Local Use:
 s Clean linen should not be decanted onto open trolleys unless 

for immediate use
 s Linen taken into an isolation room/cohort area and not used 

must be treated as used linen and laundered before use.
 s Linen items should not be used for other than the intended 

purpose i.e. not used to mop up spills

 6.1.6 Dirty / Used Linen:
 Linen which is used but dry: Dirty / Used linen must not have 

been:
 s visibly soiled with blood or bodily fluids
 s used on source-isolated patients.
 Dirty / Used linen should be placed directly into a clear plastic 

laundry bag.
 s Linen bags should be no more than 2/3 full.

 6.1.7 Soiled / Infected Linen:
 Any used linen that is soiled with blood or any other body fluid 

or any linen used by a patient with a known infection (whether 
soiled or not).

 This includes patients with or suspected:
 s MRSA
 s Extended Spectrum beta-lactamase (ESBL) or 

Carbapenemase producing organisms
 s Human Immunodeficiency Virus (HIV)
 s Hepatitis A, B or C
 s Draining Tuberculosis (TB) lesions and open pulmonary TB
 s Enteric Fever
 s Dysentry (Shigella spp)
 s Salmonella
 s Norovirus
 s Clostridium difficile
 s Chickenpox
 s Head or body lice, scabies
 s Other notifiable diseases
 Soiled / Infected linen should be placed directly into a RED 

water-soluble alginate bag and secured, then placed into a 
WHITE (hire items), BLUE (hospital owned items), GREEN 
(Surgical gowns/drapes) or BROWN (curtains) outer bag.

 s Linen bags should be no more than 2/3 full
 s Never rinse or sluice contaminated laundry
 s Dirty or soiled linen bags should be stored in 'dirty' linen 

cages and not on floors or obstructing public thoroughfares 
or the ward/department environment.

 6.2 Trust Owned Return to Sender Items:
 s Return to Sender items that belong to specific 

wards/departments (e.g. slings, slide sheets, duvets, 
neonatal/paediatric blankets, posy mitts, dressing gowns etc) 
must be placed in a BLUE bag
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 s All items must have the hospital and ward/department name 
on them.

 s All return to sender items should be listed on the laundry 
triplicate tickets (supplied by Linen Rooms). The sender 
should keep the bottom copy of the ticket and send the top 2 
copies to the laundry in the bag. The laundry will then return 
the item with a copy of the ticket for matching

 s Soiled / Infected return to sender items should be placed as 
normal directly into a RED water-soluble alginate bag and 
secured, then placed into a BLUE bag.

 6.3 Theatre Linen:
 s Dirty / Used Operating Theatre staff clothing should be 

placed into a GREEN plastic laundry bag
 s Soiled / Infected Operating Theatre linen and staff clothing 

should be placed into a red water-soluble alginate bag, then 
placed into a GREEN outer bag

 s Care should be taken to ensure that theatre instruments and 
sharps are not accidentally disposed of in linen.

 6.4 Patient's Personal Laundry:
 s Safe return of personal laundry processed off site cannot be 

guaranteed
 s Patients / Relatives / Carers should be encouraged to wash 

personal laundry at home
 s Many micro-organisms will be physically removed from 

linen by detergent and water, and most are destroyed by a 
high temperature wash. Any remaining micro-organisms are 
likely to be destroyed by tumble drying and ironing

 s Patient's personal laundry should be placed in a clear plastic 
bag, not a water-soluble alginate bag (as private laundry 
facilities will not reach the required temperature to melt the 
bag, which may lead to damage or blocking of the domestic 
washing machine). The clear plastic bag should then be 
placed into a patient's property bag to protect the patient's 
dignity

 s Laundry should be taken home and placed directly into a 
washing machine

 s Clothes should be processed at the hottest wash 
recommended by the manufacturers' instructions

 s Persons handling the laundry must be advised to wash their 
hands after handling the pre-washed laundry

 s Relatives / carers must be advised before they take home 
personal laundry if it is heavily contaminated.

 6.5 Infested Laundry:
 Laundry that is potentially infested with parasites (e.g. bed or 

body lice, scabies).
 s Place into a RED water-soluble alginate bag and secure, then 

place the alginate bag into a WHITE plastic bag
 Marking of laundry as infested is not required.

 6.6 Laundry which would remain hazardous following 
normal processing or for which additional precautions are 
required:

 Laundry thought to be contaminated with any of the following 
micro-organisms must be placed in the i-hazardous waste stream 
in double bags and incinerated and not sent to the laundry 
service. Advice should be requested from the Infection 
Prevention Team. 

 s Bacillus anthracis (Anthrax)
 s Viral Haemorrhagic Fevers (e.g. Lassa fever, Marburg 

disease, Ebola fever)
 s Rabies

 s Tropical pyrexia of unknown origin
 s Lepromatous Leprosy
 s Bioterrorism agents e.g. Smallpox
 s CJD where CSF or other body fluids have leaked onto 

laundry items

 6.7 Linen Unfit for Use
 Linen deemed not fit for purpose (heavily stained, torn, rough) 

should be placed in a separate rejected Item pink plastic bag, 
labelled as 'unfit for use' and returned to the hospital laundry. 
Linen deemed not fit for purpose should not be placed in the 
same bag as other linen for laundry as it will remain in general 
use and the hospital will be recharged for its handling. 

 6.8 Procedure for Water-soluble Alginate Bags:
 This procedure is to be used in all situations where linen is 

placed in water-soluble alginate bags.
 1. Place the linen inside the alginate bag
 2. Items that are soaking wet should be wrapped inside drier 

dirty laundry
 3. Do not overfill the water-soluble alginate bag
 4. Seal the alginate bag using the neck tie – do not knot the bag
 5. Place the water-soluble alginate bag inside the appropriate 

coloured outer linen bag.

 6.9 General Principles:
 These general principles should be adhered to when handling all 

linen and laundry.

 6.9.1 Handling Linen:
 All dirty linen must be handled with care, to minimise 

transmission of micro-organisms via dust and skin scales.
 s All dirty linen must be placed carefully and directly into the 

appropriate laundry bag on removal from the bed or patient. 
Bags should be no more than two-thirds filled

 s The used linen skip should be at the bedside. Used linen 
should not be carried to avoid contamination of uniforms

 s Dirty linen must never be transported around the care 
environment unless within an appropriately colour coded 
linen bag

 s Vigorous, enthusiastic bed stripping and changing of 
curtains is microbiologically hazardous as large numbers of 
organisms (mainly skin flora) are dispersed.  Care should be 
taken to minimise contamination of equipment and the near 
patient environment

 s Do not place used linen on the floor or any other surfaces 
e.g. a locker/table top 

 s When beds or curtains are changed all open wounds/drains 
etc need to be temporarily covered during linen changes.

 s Do not shake linen into the environment
 s Do not change linen during wound dressings in the same area
 s Use PPE when handling dirty linen.
 Care must be taken to ensure that no sharps or non-laundry 

items are included with dirty linen before it is placed ready for 
laundering. Such items are potentially dangerous to staff 
handling the laundry.

 6.9.2 Hand Hygiene:
 s Hands should be decontaminated before handling clean linen 

and after handling used laundry.

 6.9.3 Personal Protective Equipment:
 s Plastic aprons should be worn by all HCWs for all bed 

making – this includes beds where the patient has been 
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discharged and patient occupied beds.  Plastic aprons must 
be changed between beds.

 s Gloves must be worn when handling laundry from an 
infected patient or laundry contaminated with blood and 
body fluids

 s Face protection / eye protection must be worn where there is 
significant contamination with blood and body flushes likely 
to cause a splash injury.

 6.9.4 Accidental Spillage from Used Linen:
 s Gloves and apron must be worn
 s Re-bag into the appropriate bag. If the appropriate bag is not 

obvious then the linen should be treated as infected and 
placed in a red alginate bag, then into a white outer bag and 
tied securely.

 s Clean area with appropriate disinfectant if necessary.

 6.9.5 Local Cleaning:
 s All hospital linen should be laundered by an external laundry 

contractor (with the exception of specific wards authorised 
to have industrial washing machines)

 s The washing process should have a disinfection cycle in 
owhich the load temperature is maintained at 65 C for not less 

othan 10 minutes or preferably at 71 C for not less than 3 
minutes

 s Manual soaking / washing / sluicing of soiled items must 
never be carried out in the clinical areas by staff. This is a 
contamination and splash injury risk. Solid contaminants 
should be disposed of in the appropriate clinical waste stream 
and laundry bagged as per policy

 s Patient's personal clothing should be bagged and sent home 
for cleaning. (See Section 6.4 Patients Personal Laundry)

 6.9.6 Storage and Removal:
 s All dirty/used linen should be removed from clinical areas as 

frequently as circumstances demand
 s Soiled linen must be kept away from public areas
 s Storage areas must remain closed and kept secure from 

unauthorised persons

 6.9.7 Curtains:
 s Curtains require washing when visibly dirty, or at least every 

six months. 
 s Curtains should be routinely changed when discharging or 

transferring a patient with a known transmissible infection 
from the area or during outbreaks

 s Removal and changing of curtains result in aerosolisation of 
ingrained organisms which may be harmful to patients and 
contaminate the near patient environment.  For this reason, 
curtains should not be changed at key times e.g. during 
wound dressing changes.

 s Disposable curtains should not be sent for laundering but 
should be disposed of in the appropriate waste stream (i.e. 
offensive or infectious).

 6.9.8 Pillows:
 s All pillows used in clinical areas must have sealed intact 

impermeable covers
 s All pillows used in clinical areas can be cleaned with 

chlorine-based disinfectant and re-used providing there is no 
tear, split or staining. 

 s Any pillow torn, split or stained must be discarded into the 
appropriate waste stream. Discarded pillows should never be 
placed with dirty laundry items

 s New pillows can be ordered.
 s Spare pillows must be returned to the pillow store.

7. TRAINING REQUIREMENTS
 It is individual ward's/department's responsibility to ensure all 

staff have read and adhere to the linen handling and laundry 
policy  
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Introduction
Surface disinfection covers a very broad spectrum of objects that 
surround us, whether they are while we travel, work, learn and touch 
to even objects which we use to sit, lay down or lean against. All these 
surfaces are what we are referring to and possibly others.

There is a need to maintain all dairies, abattoirs, breweries and food 
processing plants as clean and hygienic as possible. When dirty 
equipment is not in use, a rapid build – up of microorganisms occurs 
which can result in severe contamination of the foodstuff when the 
equipment is re – used. If proper attention is not given to the use of 
clean equipment and reduction of contamination, the foodstuff will 
spoil rapidly. Proper sanitization will reduce the number of bacteria 
in all work areas and on equipment in particular.

Sterilizing should not be confused with sanitizing or disinfection. To 
sterilize means to destroy all forms of life; applied specially to 
microorganisms, including bacterial and mold spores. There are no 
degrees of sterilization, a reference item so to speak is either sterile or 
it is not.

To disinfect is to literally free from infection. This term has come to 
imply chemical treatment of an inanimate surface or substance to rid 
it of harmful micro – organisms. Disinfectants are frequently 
expected to perform their function in the presence of significant 
quantities of dirt and / or organic matter. Though organic matter may 
increase bioburden for a particular disinfectant to work, it still has to 
have the capacity to function adequately.

Sanitizing is reducing the number of bacterial contaminants to levels 
judged safe by Public Health authorities. It implies a degree of 
physical cleanliness, i.e. the sanitizer is applied to a pre–cleaned 
surface. In commercial eateries, industries, farms etc, disinfection is 
carried out mainly using sanitizing solutions which suit the purpose 
and serve the benefit of the user as well as the consumer or the 
customer.

Sanitizing of equipment and utensils is best carried out just prior to 
use. It is one of the most important step in the general sanitation 
operation for the following reasons:
l A variety of microorganisms remain on food processing 

equipment after it has been washed, even though it may appear 
clean. The organisms may be types which have been slowly 
accumulating on the equipment and or in the product during the 
processing operation. These can be removed, after cleaning the 
equipment, by thorough sanitizing.

l During the period that the processing equipment is unused, large 
numbers of bacteria may develop even though the equipment was 
cleaned and sanitized. This is especially true of surfaces which 
are difficult to dry. There are usually sufficient nutrients to 
support bacterial growth even on a clean surface and if it is moist, 
the increase in bacteria before the next usage may be tremendous.

l There may possibly be opportunity for insects or even rodents to 
contact idle equipment and this may result in appreciable 
contamination and sometimes even spread of diseases.

l Water supplies occasionally become contaminated and even 
Municipal supplies are sometimes of questionable quality. When 

such water is employed for washing or rinsing equipment, 
spoilage organisms may contaminate the equipment. Thus the 
use of a sanitizing agent in the water used to rinse equipment 
helps prevent such contamination.

l A programme of effective sanitizing can make an appreciable 
and measurable contribution to the quality and shelf life of food 
products.

Selection of Sanitizers
There are many types of chemical compounds used in the formation 
of disinfectants and sanitizers. However in the food industry the 
number of varieties which can be used is severely limited for a 
number of reasons. 

l The compounds used for the purpose must not be toxic to humans 
in as much as their residues on food must not be harmful in any 
way to the quality of food and the consumer.

l They must not taint the product and must therefore be completely 
odorless.

l They must not color the product in any way.

l They must be relatively safe to use for hand cleaning situations.

l Most essential is high bactericidal activity.

When selecting a sanitizer, the six most popular types should be 
considered for their respective merits. Known by their primary 
ingredients they are chlorine compounds, iodophores or iodine 
compounds, quaternary ammonium compounds (QATS), acid 
anionic surfactant germicides, hydrogen peroxide and phenol.

Chlorine based sanitizers 
Are most commonly used. Proven in use and acceptance over the 
years, they have excellent germicidal power against a wide range of 
bacteria. In properly blended products, they are relatively non – toxic 
at use concentrations (200 ppm), colorless, non – staining, easy to 
prepare and apply. Generally they are also the most economical. 
Effective cleaning is essential when using these sanitizers as some of 
the available chlorine may be readily consumed by organic matter 
other than bacteria. Possible flavor problems associated with these 
products should be borne in mind in the brewing industry.

Chlorine is highly corrosive to a number of metals and its use is best 
confined to equipment fabricated in stainless steel. Temperature is 
another important parameter as the effectiveness of chlorine 

Oincreases with increase in temperature. However above 50 C the 
liberated chlorine is rapidly lost to the atmosphere, reducing the 
effectiveness of the solution in situ.

OChlorine compounds should therefore not be used above 50 C 
neither should they be used where smoked products are being 
handled. This is because the phenolic compounds in the smoke may 
react with the chlorine, producing chlorophenols which have a very 
strong odor, considered offensive in consumables.

Iodophores
Are basically a combination of iodine and a solubilizing agent that 
releases free iodine when diluted with water. They possess quick 
microbial action against a wide variety of microorganisms. At use 
concentrations, they are non staining, relatively non toxic, non 
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irritating and stable. No potable rinse is required if use concentration 
does not exceed 25 ppm available iodine.

Iodophores penetrate soil rapidly and are highly germicidal at 
virtually all concentrations. Many iodophores are approved for 'no 
rinse' sanitizing applications at 25 ppm. Iodophore-use solution 

Otemperatures should not exceed 48 C or they will begin to 'gas – off'. 
The germicidal performance of different iodophore formulations 
may differ greatly. Products yielding the same pH and iodine 
concentration may yield vastly different germicidal activities at 
equivalent dilutions. Iodophores can be used in very hard water.

QATS
The quaternary ammonium compounds are types of cationic 
detergents possessing good antibacterial activity. Unfortunately their 
detergency properties are very poor, but they are good wetting 
agents. They are widely used throughout the food and meat industries 
and commonly formulated with detergents to form detergent / 
sanitizers, which clean and kill bacteria in one operation. They can 
also be used on their own. Although extremely effective for killing a 
wide spectrum of bacteria, some groups of bacteria are resistant to 
them. In use concentrations (200 ppm) QATS are odorless, colorless 
and non toxic. They are stable when heated and in the presence of 
organic soil. No potable water rinse is required if concentration is at 
or below 200 ppm active ingredient. They should not be used on 
processing equipment in a brewery because of possible adverse 
effects on head retention and flavor.

The bacteriostatic properties of the QATS plus their stability and the 
property of being absorbed onto surfaces results in such remaining 
sanitized for many hours after treatment.

QATS have generally been applied in preference to chlorine under 
conditions of heavy organic contamination where, to overcome the 
presence of the organic material, the strength of the chlorine would 
have to assume corrosive proportions. Generally they are combined 
with specific non ionic detergents for sanitizing dairy equipment. 

QATS can be adversely affected by water hardness and may be 
incompatible with other compounds. They are completely 
inactivated by anionic compounds such as soaps. Acidity decreases 
the efficiency of many QATS to such an extent that at pH 3 their 
germicidal activities almost disappear while at pH 10, they show 
greatly improved activity. Temperature also affects their activity and 

Oan increase of about 20 C normally doubles it.

Acid anionics
Acid anionic surfactant germicides are combinations of organic and 
inorganic acids with surface active agents. The acid is usually 
phosphoric. The germicidal effect is provided by the low pH as well 
as the activity of the surfactant. The acidity of this type of germicide 
is effective in removing or controlling the formation of microbial 
films. Acid anionics are low foaming agents. They are effective in 
hard and soft water and eliminate the need for acid rinsing. They are 
also non corrosive to stainless steel.

Peroxide 
Hydrogen peroxide sanitizers can be used in dairies, breweries and 
food production plants. Using this sanitization method does away 
with many of the disadvantages held by other sanitization. Hydrogen 
peroxide containing sanitizers supersede conventional halogen 
sanitizers (Chlorine, Iodine, etc.) and cause the disinfection action to 
be rapid. They are not detrimental to the environment as when 
hydrogen peroxide decomposes, hydrogen and oxygen are formed. It 
is a broad spectrum, fast acting, sanitizer with extremely low toxicity.

Phenols
Phenol based disinfectants should not be used inside a food 
processing plant, as they have a  strong odor which will contaminate 
foods, they have good cleaning and disinfecting properties and 
should be used in stables, poultry growing houses, toilets, drains and 
compounds. They should be used diluted with warm or preferably 
hot water. They also have good deodorizing properties.

It is noteworthy to mention that all cleaning and disinfecting 
chemicals should be used in concentrations mentioned by the 
manufacturer. The temperature at which they are used should be 
checked for effective disinfection and hazard – free usage.

Certain chemicals, when mixed with other compounds with which 
they are not compatible may liberate dangerous toxic vapors and 
gases. For example acid compounds should never be mixed with 
strong alkaline or caustic compounds. Serious burns or even death 
may result.

All disinfectants / sanitizers have a recommended contact time. This 
is the time required for them to kill the majority of bacteria they come 
in contact with before manufacturing operations can begin again. As 
this time may vary from product to product, the manufacturers 
instruction must be followed strictly.

Some do's and don'ts with sanitizers
DO's:
l Take the time to measure the sanitizer correctly.
l Add the sanitizer to the correct amount of water to make the 

correct solution for use.
l Use a clean, dry container or bucket for the solution. 
l Wash away all the dirt before using the sanitizer. 
l Discard the solution when the day's work is finished.

DON'Ts
l Use a sanitizer for sterilization.
l Store instruments or cleaning tools in a sanitizer solution.
l Top up sanitizer solution.
l Use yesterday's sanitizer solution.
l Mix sanitizers and detergents it may inactivate both.

Effective disinfection is a key ingredient which can help prevent or at 
least avoid the transmission of many microbes, more specifically 
pathogens.
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Surfactants: Surface active agents

Surfactants are compounds that lower the surface tension (or 
interfacial tension) between two liquids or between a liquid and a 
solid. Surfactants may act as detergents, wetting agents, emulsifiers, 
foaming agents, and dispersants.

Surfactants lower the surface tension of an aqueous solution and are 
used as wetting agents, detergents, emulsifiers, antiseptics, and 
disinfectants. As antimicrobials, they alter the energy relationship at 
interfaces. Based on the position of the hydrophobic moiety in the 
molecule, surfactants are classified as anionic or cationic.

Composition and structure
Surfactants are usually organic compounds that are amphiphilic, 
meaning they contain both hydrophobic groups (their tails) and 
hydrophilic groups (their heads). Therefore, a surfactant contains 
both a water insoluble (or oil soluble) component and a water soluble 
component. Surfactants will diffuse in water and adsorb at interfaces 
between air and water or at the interface between oil and water, in the 
case where water is mixed with oil. The water-insoluble hydrophobic 
group may extend out of the bulk water phase, into the air or into the 
oil phase, while the water-soluble head group remains in the water 
phase.

World production of surfactants is estimated at 15 Mton/y, of which 
about half are soaps. Other surfactants produced on a particularly 
large scale are linear alkylbenzenesulfonates (1700 kton/y), lignin 
sulfonates (600 kton/y), fatty alcohol ethoxylates (700 ktons/y), and 
alkylphenol ethoxylates (500 kton/y).

Types of Surfactants

Anionic Surfactants
Soaps are dipolar anionic detergents with the general formula 

+ +RCOONa/K, which dissociate in water into hydrophilic K  or Na  
ions and lipophilic fatty acid ions. Because NaOH and KOH are 
strong bases (whereas most fatty acids are weak acids), most soap 
solutions are alkaline (pH 8–10) and may irritate sensitive skin and 
mucous membranes. Soaps emulsify lipoidal secretions of the skin 
and remove, along with most of the accompanying dirt, desquamated 
epithelium and bacteria, which are then rinsed away with the lather. 
The antibacterial potency of soaps is often enhanced by inclusion of 
certain antiseptics, eg, hexachlorophene, phenols, carbanilides, or 
potassium iodide. They are incompatible with cationic surfactants.

Cationic Surfactants
Cationic detergents are a group of alkyl- or aryl-substituted 
quaternary ammonium compounds (eg, benzalkonium chloride, 
benzathonium chloride, cetylpyridinium chloride) with an ionizable 
halogen, such as bromide, iodide, or chloride. The major site of 
action of these compounds appears to be the cell membrane, where 
they become adsorbed and cause changes in permeability. Their 
activity is reduced by porous or fibrous materials (eg, fabrics, 
cellulose sponges) that adsorb them. They are inactivated by anionic 
substances (eg, soaps, proteins, fatty acids, phosphates). Therefore, 
they are of limited value in the presence of blood and tissue debris. 
They are effective against most bacteria, some fungi (including 
yeasts), and protozoa but not against viruses and spores. Aqueous 
solutions of 1:1,000 to 1:5,000 have good antimicrobial activity, 
especially at slightly alkaline pH. When applied to skin, they may 
form a film under which microorganisms can survive, which limits 
their reliability as antiseptics. Concentrations >1% are injurious to 
mucous membranes.

Among the classical cationic surfactants, quaternary ammonium 
compounds (QACs) are the most useful antiseptics and disinfectants. 
QACs are membrane active agents and cause lysis of spheroplasts 
and protoplasts suspended in sucrose. The cationic agents 
hypothetically react with phospholipid components in the 
cytoplasmic membrane, thereby producing membrane distortion and 
protoplast lysis under osmotic stress. On the other hand, the positive 
charge on microbial cells has often been correlated to the biocidal 
action. The deposition of organic monolayers onto solid surfaces 
containing quaternary ammonium groups has been shown to prevent 
deposition and growth of bacterial biofilms. Molecules with a net 
positive charge are able to kill microorganisms both in solution and 
upon attachment or adsorption to surfaces, particles, liposomes or 
bilayers. Various cationic architectures have been tested such as 
polyelectrolyte layers and hyper branched dendrimers.

Non-ionic surfactants
Non-ionic surfactants are also found in many cleaning products, 
including carpet products. Non-ionics have no charge on their 
hydrophilic end, which helps make them superior oily soil 
emulsifiers. 

Some non-ionics are high foamers (like anionics), while others do 
not generate much foam. Because of their lower foam profile and 
strong emulsifying potential, these surfactants are the preferred 
choice when formulating extraction cleaners and pre sprays. 

However, unlike anionic surfactants, non-ionics are thick liquids or 
syrups that are sticky or “gooey” to the touch. When left in the carpet, 
non-ionic surfactants are the primary contributors to rapid resoiling. 

Even with that being the case, their importance as cleaners outweighs 
this negative, and the cleaner or technician must take care to remove 
as much of the detergent residue as possible from the carpet in order 
to get the cleaning benefits of non-ionics without their negatives. 

Non-ionic surfactants include: 
l Ethoxylates
l Alkoxylates 
l Cocamide 
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Amphoteric  surfactants
Probably the least talked about surfactants are the amphoterics. 
These unique molecules possess both a positive and a negative 
charge on their hydrophilic end, giving them a net charge of zero. 

Amphoteric surfactants have little utility on their own, but work 
extremely well in enhancing the cleaning effect of both anionic and 
nonionic surfactants. They can serve as “coupling agents,” which 
hold the surfactants, solvents and inorganic salt components of a 
formula together. 

Amphoterics are usually named in some way to indicate that they are 
amphoterics, as in amphoterge. Other examples of amphoterics are 
betaines and amine oxides. 

Schematic of how surfactants work: 
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