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Inanimate objects in healthcare settings can become contaminated with different pathogens, 
healthcare associated infections (HAI) can spread through hand-to-surface-to-hand transmission. 
Among the most ubiquitous objects in modern society, including in hospital halls, laboratories, inten-
sive care units and operating rooms, is the mobile phone. During every phone call a mobile phone 
comes into close contact with potentially contaminated human body areas such as the workers’ 
hands, and also portals of entry such as the mouth, nose and ears. As mobile phones act as perfect 
habitats for microbes to breed, especially in high temperatures and humid conditions (such as the 
pocket or holster in which they are stored when not in use), HCWs’ mobile phones may serve as 
reservoirs for microorganisms that could facilitate the transmission of bacterial isolates from one 
patient to another in different hospital wards.

The wide spread use of mobile phones among medical personnel in hospitals is a matter of con-
troversy. The question of concern is how to use the mobile phones sensibly, getting their benefits 
and minimizing their risks. This study was conducted to determine the potential of mobile phones 
to harbour microorganisms in hospital environments and to evaluate its role in their transmission 
from the phone to HWCs’ hands.

We enrolled 32 staff members in the study - 12 neurosurgeons, 8 anesthetists and 12 nurses. A 
questionnaire was submitted to all participants in the study to collect information on the extent of 
usage of mobile phones, the location of use, the use of headsets, the awareness of disinfection 
practices of mobile phones and the frequency of hand washing after using their phones:
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Hospital-associated infections (HAIs) reportedly 
kill more people each year than the combined to-
tal death count from breast cancer, prostate can-
cer, and AIDS. Patients suffering from HAIs oc-
cupy intensive care beds that are in increasingly 
short supply, and cost the healthcare systems in 
the United States and Canada many billions of 
dollars annually. 

The Big-Name Microbes
The most high profile of HAI infections are 
caused by multidrug-resistant organisms, such 
as methicillin-resistant Staphylococcus aureus 
(MRSA) and vancomycin-resistant Entero-
coccus (VRE).  The incidence of HAIs due to 
Clostridium difficile and to noroviruses is in-
creasing.   Despite the challenges posed to the 
prevention of these infections, an infection con-
trol program consisting of improved personal 
and environmental hygiene practices, more 
stringent antibiotic prescribing, and surveillance 
will help to reduce the occurrence and adverse 
impact of these clinical problems. 

Control of antibiotic-resistant bacteria (e.g., 
MRSA, VRE, and others) was addressed in a 
U.S. Centers for Disease Control and Preven-
tion (CDC) guideline released in 2006 - “Man-
agement of Multidrug-Resistant Organisms 
in Healthcare Settings.”  The guideline sought 
to prescribe strategies to prevent the spread of 
drug-resistant infections in health care settings.   
Recognizing that the Environmental Services 
department in hospitals and long term care fa-
cilities has a crucial role in the battle to control 

Continued on page 6

infections, the guideline was intended, in part, 
to aid collaboration between Environmental 
Services, Infection Prevention and Control, and 
clinical care departments. 
 
Clostridium difficile
A major hospital infection risk is exposure to 
Clostridium difficile (C. difficile). This bac-
terium has been a concern in health care set-
tings for more than three decades. However, it 
recently received greater attention because of a 
new strain that appears to be more virulent and 
more resistant to fluorquinolones.  This emer-
gent strain of the bacterium produces 16 times 
more toxin A and 23 times more toxin B than 
previously-identified strains of C. difficile. Pa-
tients with C.difficile infection shed high levels 
of both the vegetative and spore form in their 
feces.  Once exposed to air, the C. difficile veg-
etative form converts into a spore that can be 
hard to eliminate from the environment. C. dif-
ficile has recently reached endemic proportions 
in many facilities. 

Understanding Transmission
of Infection
Infection is an active process of acquisition, 
and this process has been conceptualized as the 
“Chain of Infection.”  In general, there are five 
factors, or “links in this Chain,” that must be 
present in order for infection to occur.  These 
factors are: (1) an active pathogen of sufficient 
virulence to cause infection; (2) sufficient quan-
tity of this organism to cause infection; (3) a 
susceptible host (patient); (4) a mode of trans-
mission for the pathogen to reach the patient; 
and (5) the correct portal of entry (e.g., an open 
cut, mouth or eyes). Break or remove any of 
these links, and infection may not take place.

Environmental Control
of Infectious Agents
You may ask “how does Environmental Servic-
es contribute to infection prevention?”  Looking 
at the links in the Chain of Infection, it’s evident 
that environmental management of surfaces in 
healthcare facilities, when performed consis-
tently and thoroughly, can reduce or eliminate 
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Since healthcare-associated infections (HCAIs) are the fourth largest killer in America, character-
izing the persistence of pathogens in the hospital environment would facilitate the development 
of policies to limit HCAIs. Of the 30 or so known Staphylococcus species, approximately half are 
associated with important human infections and HCAIs, often resulting in significant morbidity, 
special control measures, extensive surveillance, and longer hospital stays. Since staphylococci 

can survive for several months on items touched by the patient and healthcare personnel, under-
standing the distribution of staphylococci on frequently touched surfaces can be a valuable step in 
developing appropriate infection control strategies. 

Although it is widely known that staphylococci are ubiquitous on hospital surfaces, no study has 
utilized genetic fingerprinting to simultaneously characterize the persistence of multiple species 
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“The secret of success is
constancy of purpose” 

Benjamin Disraeli

When employees in any field are surveyed
about their attitudes, lack of communication
virtually always surfaces as a need. Managers
are often puzzled by this, because they have
a communication system in place, so they
don’t know what the problem is. As a result,
often nothing is done. But a perpetual com-
munication gap is a threat to the success of
any operation.

Here is a four-point action plan that will help
ensure your infection control program is not
derailed by ineffective communication.

Point 1. Three people could complain about
communication and, without your realizing
it, each could mean something different.
Perhaps one means he doesn’t understand the
procedures manual; another wants to hear
more from management about how the sys-
tem works; yet another never receives feed-
back on his own efforts to control infection—
and there could be many more. You can’t take
effective action until you know where the gap
is.

Action step: Ask your own people if
they feel a lack of communication, and if so,
what they specifically mean.

Point 2. Your communication system could
be well designed, but still leave a gap. That’s
because the problem is not the system, but the
communication skills of the people using the
system. You probably have a communication
chain in place, but if even one person along
the line misunderstands the message he
receives, or doesn’t make his own message
clear to the next person—the whole thing falls
apart.

Action step: Review actual communication
chain activity to find potential weak spots.

Point 3. It’s a myth that communication comes
naturally to everyone. Communication in the
workplace involves specific skills: writing,
reading, speaking, listening, actions and
behavior, body language, tone of voice, per-
suasion, understanding and more. A team or
work unit that doesn’t communicate doesn’t
produce, and it certainly can’t maintain the
infection control levels you want and need in
your organization. How these skills are used
varies from one job to another, one company
to another, one workplace to another—but
they are essential in every circumstance. You
need to train your people, on an ongoing and 

Infection Control Canʼt Afford 
a Communication Gap by Helen Wilkie
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Microfibre-Based Fabrics in Surface 
Decontamination in Healthcare Facilities

Jason A. Tetro, Specialist in Technology Design
Centre for Research on Environmental Microbiology (CREM), University of Ottawa

Micro f ib re -
based cleaning 
cloths are tremen-
dously popular of 
late as they have been 
lauded with near miracu-
lous decontamination quali-
ties.  In homes, commercial and 
healthcare facilities, microfibre 
cloths are promoted as an adjunct to, 
and sometimes even a replacement for cleaning 
chemicals.  However, as with all claims, to make 
an informed decision, one must look beyond the 
hype, and turn to the science.

Origins of Microfibre
Although ultra-fine fibers date back to the 1950s, 
only samples of random length could be manu-
factured leaving only a very few applications 
possible. The most promising attempts to devel-
op a consistent and mass-reproducible fibre took 
place in Japan in 1970 by Dr. M. Okamoto and 
Dr. T. Hikota who designed the first marketable 
non-woven fabric, “Ultrasuede®.”  Further com-
mercial development continued and blossomed 
into a multi-billion dollar business worldwide.  

A microfibre fabric may consist solely of syn-
thetic fibres (polyester, nylon), or a blend of syn-
thetic and natural fibres (cotton, wool, silk).  Each 
fibre generally is thinner than a strand of human 
hair and can be bundled into a number of shapes 
and designs based on the function of the fab-
ric.  Cleaning fabrics are designed to maximize 
surface area and retention.  A typical microfibre 
cloth can hold nearly six times its weight in wa-

ter and is positively 
charged to better at-

tract dust and soil.

Advantages
and Limitations

The synthetic nature of mi-
crofibres offers numerous ad-

vantages to both the user and 
to the environment.  Microfibre-

based fabrics can be much lighter than cotton-
based cloths and thus require less effort to clean 
a surface. However, the gliding motion of a 
microfibre cloth is quite different from that of 
other types of fabrics and one must adapt to 
the feel to avoid undue strain and injury.  The 
synthetic nature of the cloths makes them hy-
poallergenic and able to withstand repeated 
washings. However, they cannot be used with 
fabric softeners or bleach to reduce the presence 
of allergens.  Finally, as evidenced in the table 
based on a study conducted at the University of 
California Davis Medical Center, by switching 
to microfibre-based cloths water and chemi-
cal usage is significantly reduced although not 
eliminated.  The current belief that microfibre 
cloths are equally effective dry or wet is untrue.  
To ensure efficient microbial decontamination 
of surfaces, microfibre-based cloths must first 
be prewetted with a chemically compatible dis-
infectant. 

Decontamination of Environmental
Surfaces by Wiping
A preliminary laboratory-based study at CREM 
has compared the ability of microfibre and cot-
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Contaminated environmental surfaces in healthcare facilities can contribute to transmission of 
healthcare-associated pathogens. Although cleaning of environmental surfaces in hospitals has 
been demonstrated to be suboptimal, there are few quantitative data regarding the variations in 
cleanliness of environmental surfaces achieved by housekeepers responsible for daily cleaning of 
patient rooms. In a recent prospective study (Infect Control Hosp Epidemiol. 2010 Jan;31(1):99-101.
Variations in hospital daily cleaning practices) we utilized direct observations and ATP biolumines-
cence assays to monitor variations in daily cleaning practices by housekeepers and the level of 
cleanliness of surfaces following daily cleaning procedures.  

The study was conducted in a 500-bed university-affiliated hospital. Seven housekeepers were noti-
fied that they would be observed while performing daily cleaning, and that five high-touch surfaces 
in each room would be assessed for cleanliness after cleaning. The housekeepers selected were 

believed to have good cleaning technique so that we could determine how often after-cleaning ATP 
readings met a proposed cutoff value for defining surfaces as “clean” in healthcare settings. We 
sampled several surfaces in each room including bedside rails, over-bed tables, television remotes, 
bathroom grab bars, and toilet seats. 

After surfaces had been allowed to dry for at least 10 minutes, a defined area of each surface was 
sampled. Surfaces relatively free of excretions, secretions, food or other organic substances (which 
contain ATP) yield low relative light unit (RLU) values, whereas contaminated surfaces yield high 
RLU values. Median ATP readings and times spent cleaning surfaces were calculated for each of 
the five high-touch surfaces. 

Variations in Healthcare Daily 
Cleaning Practices
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This year represents the tenth anniversary of the Virox Solutions newsletter, 
and over the last decade we have been very fortunate to work with many 
world renowned experts. After an informal survey of readers and authors, 
we are pleased to present nine of the most frequently mentioned articles 
(in no particular order) ... and one new one about a global hero of infection 
prevention and control. There are many more important articles available to 
you in the back issues of the Solutions newsletter, all of which are available 
through www.virox.com, we invite you to take a moment and have a look.
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There is general consensus that environmental cleanliness is important for 
controlling infection, and there is increasing evidence to support basic clean-
ing in hospitals when considering hospital-acquired infections (HAIs). Finding 
the evidence to support cleaning as a significant factor in preventing infection 
has been seriously disadvantaged because there are no accepted risk-based 
standards to verify whether a hospital is truly clean and safe. Visual inspection 
of the hospital environment does not provide a reliable qualitative nor quantita-
tive assessment of the infection risk for patients - microbes are invisible and 
they are not necessarily associated with visual dirt. Indeed, there has been a 
recent surge of articles supporting the importance of cleaning, including in the 
paper from which this article is derived (Euro J Clin Microbiol Infect Dis. 2011 
Dec;30(12):1473-81).

Pathogens survive in the hospital environment
The microbes linked with HAI have two special properties. Not only do they 
cause disease, but they survive in the hospital environment for weeks. Examples 
include methicillin-resistant Staphylococcus aureus (MRSA), Clostridium diffi-
cile, Acinetobacter, and vancomycin-resistant enterococci (VRE). Viruses such as 
norovirus and influenza, and fungi such as Candida albicans, may also persist in 
hospitals for long periods of time. Gram-negative coliforms, e.g. Escherichia coli 
and Klebsiella spp., are less robust but survive on dry, as well as wet surfaces, 

although this tends to be for shorter periods of time. A hospital pathogen will 
persist in an appropriate environmental niche unless removed through some 
cleaning process. If abandoned, it may contaminate hands or be lifted by air 
currents and deposited onto a patient or surfaces beside the patient.

Location of pathogen reservoirs
Environmental screening can identify pathogens on a variety of hospital sur-
faces. Organisms attached to droplets, skin scales or dust particles may in-
termittently disperse through the atmosphere, ultimately settling on floors, but 

Hospital Cleaning in the 21st Century
DR. STEPHANIE J. DANCER, MEDICAL MICROBIOLOGY, HAIRMYRES HOSPITAL, UK

any surface can host a range of microbes for varying lengths of time. Items or 
surfaces that are frequently touched present the largest risk of contamination by 
pathogens spread on hands. These sites then act as reservoirs for subsequent 
dispersal. Seeding pieces of cauliflower mosaic virus onto a telephone in a pae-
diatric unit allowed researchers to track the movement and spread of the virus 
marker around the unit, from hand-touch site to hand-touch site, over the course 
of hours and days. Furthermore, a community-based study that placed virus 
marker onto a door handle in a students’ flat revealed how direct hand-to-hand 
contact, as which occurs during hand-shaking, was able to spread viral pieces 
to a succession of people following initial contamination from the door handle. 
Past and recent studies have shown how pathogens can be retained on hands 
or gloves following contact with the hospital environment.

Cleaning reduces infection risk for patients
Insufficient cleaning, or the mistiming of a cleaning intervention, encourages 
the re-emergence of cases. This is further exacerbated by a higher throughput 
of more vulnerable patients, due to shorter lengths of stay. The persistence of 
viral and bacterial pathogens also exposes new patients to enhanced infection 
risk, as aptly demonstrated by studies examining the residual contamination 
of rooms previously occupied by infected patients. The clinical management of 
hospital-acquired infection involves extended length of stay as well as expen-
sive, powerful drugs. Such avoidable costs are well worth considering when 
planning basic cleaning schedules.

Sites for targeted cleaning
Since contaminated near-patient hand-touch sites are thought to constitute the 
highest risk for patients, cleaning schedules should emphasize these sites. There 
is little scientific support for this at present and virtually no evidence to convey 
cleaning methods or frequency.

Some environmental sites are forgotten or ignored for various reasons. The un-
derside of the overbed table, for example, is touched everyday by the patient and 
staff, but it is usually only the upper surface that receives a wipe down before 
and after mealtimes. An organism intent on accessing the gastrointestinal tract, 
e.g. C. difficile, would do well by contaminating this particular site. A recent audit 
on a surgical ward found high levels of organic soil on clinical items that did not 
appear to have anyone responsible for their cleaning. The use of ATP monitor-
ing clearly showed the effect on domestic staff when they received educational 
guidance.

Cleaning staff
The trouble with motivating staff is that both short and longer term stimuli aimed 
at improving cleaning standards wear off over time. If cleaning fails, it is more 
likely to be a failure of personnel, rather than of product or procedure. Domestic 
personnel have a tiring and repetitive physical job to do. Maintaining high levels 
of compliance deserves appropriate recognition, but since it is difficult to mea-
sure, extra effort usually goes unrewarded. As with all professional activities, 
cleaning requires teaching and training, and never more so than in a hospital.
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What do West Nile, Ebola, Nipah, Hendra, the bird flu, and Norwalk 
have in common?  These are all relatively new viruses - unknown 
to us until the last few years.  And secondly, each one of these 
infinitesimal beasts has taught us that the human race can be read-
ily humbled. The most recent addition to this list is the virus that causes 
SARS (Severe Acute Respiratory Syndrome). In just a few short months it 
has had more profound and humbling an impact on our lives than we have 
seen from an infectious agent in generations.

The ability of the virus to spread by the respiratory 
route, on close contact with infected individuals, is 
now well documented.  Such viral distribution ex-
poses caregivers to the greatest viral loads and 
the infection risk – the high proportion of cases in 
healthcare personnel is incontrovertible evidence 
of this.  We should take comfort in that the virus 
does not appear to be transmitted by air in the 
same manner as influenza, mumps and measles.  
Had that been the case, we would have seen an 
even greater impact of SARS in a much shorter 
period.
  
Our understanding of the ability of the SARS agent to 
survive in the environment is still very rudimentary.  
The summary reports published by the World Health 
Organization, for example, are based on studies with 
fundamental differences in test methodologies, thus making 
their data difficult to interpret.  Statements based on these studies 
can also be quite misleading.  For instance, the virus may survive on an envi-
ronmental surface for perhaps 24 hours, but this does not necessarily translate 
into a health risk for those touching such a surface or object.  A better way 
to measure the risk is to determine:  1) how much infectivity the virus has 
lost during that period; 2) the amount of virus that can be acquired upon hand 

contact; 3) the likelihood of inoculating oneself or 
others with the minimum infectious dose of the vi-

rus. 

As to the resistance/susceptibility of the SARS agent to environmen-
tal surface disinfectants and antiseptics, I am unaware of any 

data derived from tests on the SARS agent itself.  Work with 
other coronaviruses indicates that while they are slightly 

more resistant to commonly used germicides than other 
enveloped viruses (this may be due to their closer as-

sociation with membranes in host cells), they are 
substantially less resistant to germicides than 
non-enveloped viruses.  However, until we have 
better evidence on the exact means of trans-
mission of the SARS agent, disinfection and an-
tisepsis with safe and environmentally friendly 
chemicals must remain an essential part of any 
prevention and control strategies.  

If there is a silver lining to this dark cloud it is that SARS has 
given us a crash course in outbreak control the likes of which 

we have not seen in a long while.  Local, national 
and international agencies have been forced to pool 

their expertise to counter this common enemy.  This 
experience will be most helpful in our preparations in 

case of any deliberate or accidental release of infectious agents.  
The SARS outbreak has demonstrated yet again the unstinting 
and heroic dedication of our healthcare and public health profes-
sionals. 

In spite of the oft-noted progress in our battle against infectious agents, many 
pathogens somehow continue to find our Achilles’ heel, proving how vulnerable 
we truly are to these incredibly small life forms and the havoc they can wreak.

SARS – Another Lesson in Humility
SYED A. SATTAR, PH.D., PROFESSOR OF MICROBIOLOGY, DIRECTOR
CENTRE FOR RESEARCH ON ENVIRONMENTAL MICROBIOLOGY, UNIVERSITY OF OTTAWA, OTTAWA, ONTARIO, CANADA

Cleaning methods and materials
Detergent-based cleaning might remove microbes, but will not necessarily kill 
them. There are numerous examples of contaminated cleaning cloths and equip-
ment actually spreading microbes across surfaces rather than removing
them. Numerous guidelines emphasize the importance of cleaning but offer little 
practical advice on how to achieve this, or how often sites should receive clean-
ing attention. 

Despite the promising results from new decontamination methods and from an-
timicrobial surface coatings, traditional cleaning methods should not be relaxed 
or abandoned. No one single process will remove all relevant microbial soil from 
the hospital. There has already been concern raised over the efficacy of some 
methods such as microfibre, steam cleaning, ozone, and high-intensity light irra-

diation, and doubts remain over disinfectant activity in the field, since laboratory 
testing does not necessarily predict what actually happens on hospital surfaces. 

Conclusion
Targeted and comprehensive cleaning regimens reduce the risk of acquiring a 
hospital pathogen. Comprehensive cleaning is also easier to implement than 
persuading busy staff to wash their hands or by reducing empirical antimicrobial 
use. A culture of hygiene pervading all healthcare facilities would influence and 
encourage the importance of cleaning and cleanliness for everyone. Global busi-
ness and industry already play a central role in bringing novel methods onto the 
market; working together with doctors and scientists, government and cleaners 
themselves should continue to establish the importance of cleaning for everyone 
in the 21st century. 
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SARS-Another Lesson in HumilityWhat do West Nile, Ebola, Nipah, Hendra, the 
bird flu, and Norwalk have in common?  These 
are all relatively new viruses - unknown to us 
until the last few years.  And secondly, each one 
of these infinitesimal beasts has taught us that the 
human race can be readily humbled. The most 
recent addition to this list is the virus that causes 
SARS (Severe Acute Respiratory Syndrome). 
In just a few short months it has had more 
profound and humbling an impact on 
our lives than we have seen from an 
infectious agent in generations.
The ability of the virus to spread by the 
respiratory route, on close contact with 
infected individuals, is now well documented.  
Such viral distribution exposes caregivers to the greatest viral loads and the infection risk – the high proportion of cases in healthcare personnel is incontrovertible evidence of this.  We should take comfort in that the virus does not appear to be transmitted by air in the same manner as influenza, mumps and measles.  Had that been the case, we would have seen an even greater impact of SARS in a much shorter period.  

Our understanding of the ability of the 
SARS agent to survive in the environment is 
still very rudimentary.  The summary reports 
published by the World Health Organization, for 
example, are based on studies with fundamental 
differences in test methodologies, thus making 
their data difficult to interpret.  Statements based 
on these studies can also be quite misleading.  
For instance, the virus may survive on an 
environmental surface for perhaps 24 hours, but 
this does not necessarily translate into a health 
risk for those touching such a surface or object.  
A better way to measure the risk is to determine:  
1) how much infectivity the virus has lost during 
that period; 2) the amount of virus that can be 
acquired upon hand contact; 3) the likelihood of 
inoculating oneself or others with the minimum 
infectious dose of the virus. 
As to the resistance/susceptibility of the SARS 
agent to environmental surface disinfectants and 
antiseptics, I am unaware of any data derived 

from tests on the SARS agent itself.  Work 
with other coronaviruses indicates that while 
they are slightly more resistant to commonly 
used germicides than other enveloped viruses 
(this may be due to their closer association with 
membranes in host cells), they are substantially 
less resistant to germicides than non-enveloped 
viruses.  However, until we have better evidence 
on the exact means of transmission of the 
SARS agent, disinfection and antisepsis with 
safe and environmentally friendly chemicals 
must remain an essential part of any prevention 

and control strategies.  
If there is a silver lining to this dark 
cloud it is that SARS has given us a crash course in outbreak control the likes of which we have not seen in a long while.  Local, national and international agencies have been forced to pool their expertise to counter this common enemy.  This experience will be most helpful in our preparations in case of any deliberate or accidental release of infectious agents.  The SARS outbreak has demonstrated yet again the unstinting and heroic dedication of our healthcare and public health professionals. 

In spite of the oft-noted progress in 
our battle against infectious agents, 

many pathogens somehow continue to find our 
Achilles’ heel, proving how vulnerable we truly 
are to these incredibly small life forms and the 
havoc they can wreak.

Syed A. Sattar, Ph.D.Professor of Microbiology
Director, Centre for Research on Environmental MicrobiologyUniversity of OttawaOttawa, Ontario, Canada

Inside This Issue:
Virox Scholarship Fund..2

APIC 2003 Conference....2
The Small Experiment ....3

Virox Sponsors................3
Virox Launches
Redesigned Web .............3

OMH RecommendsAHP for SARS...................4

 FROM SPRING
2003 ISSUE 



1 0  Y E A R  A N N I V E R S A R Y  E D I T I O N

© 2 0 1 4  V i r o x  T e c h n o l o g i e s  I n c .P a g e  4

It is universally accepted that healthcare-associated infections pose a substan-
tial risk to patients, and that contamination of the inanimate healthcare environ-
ment with microbial pathogens can lead to contamination of healthcare workers’ 
hands thus providing a vector to infect vulnerable patients. Evidence exists that 
many of these pathogens survive well, thrive even, in environmental reservoirs. 
The conditions and mechanisms of decontamination, however, are still debated. 
And it should be kept in mind that the still generally low compliance with hand 
hygiene is the more urgent problem in infection control.

The benefits and disadvantages of surface disinfection compared with cleaning 
using detergent only have been discussed in detail in several publications (e.g., 
Rutala WA, Weber DJ. Am J Infect Control 2005;33:434; Dettenkofer M, Spencer 
RC. J Hosp Infect 2007;65 Suppl 2:55, Dancer SJ. J Hosp Infect 2009;73:378). 
Many American researchers believe it is reasonable to use hospital disinfectants 
on noncritical patient care surfaces, patient equipment surfaces, and house-
keeping surfaces in patient care areas. Conversely Europeans argue against 
routine surface disinfection and favor surface cleaning without the use of bio-
cidal substances, particularly in light of the risk of workplace injury (e.g., contact 
dermatitis to the ubiquitous benzalkonium chloride) and the selection for resis-
tance, which poses a risk to humans and the environment.

In a systematic review we assessed the evidence with respect to the effects 
of using a detergent alone or a detergent-disinfectant to decontaminate inani-
mate surfaces in the healthcare setting (Dettenkofer M et al. Am J Infect Con-
trol 2004;32:84). Our broad search of peer reviewed as well as informal data 
identified 236 articles meeting the inclusion criteria. Interestingly, none of these 
described a meta-analysis, systematic review, or randomized controlled trial, 
and only four described completed cohort studies with concurrent or historical 
controls meeting the criteria for final inclusion. None of the articles showed 
lower infection rates associated with routine disinfection of surfaces compared 
to cleaning with detergent only. Despite further studies on this issue published 
since then this chapter of hospital infection control is far from being closed.

Recent guidelines and recommendations reflect this lack of evidence and are 
mainly based on expert consensus. Robert Koch-Institute (Germany) issued its 
revised guideline on household cleaning and surface disinfection in 2004. That 
document recommends detergent-based cleaning for most surfaces and tar-
geted surface disinfection for surfaces that frequently come into contact with 
hands and skin of patients or personnel. The lack of evidence in support of rou-
tine disinfection of surfaces is also reflected by the Centers for Disease Control 
and Prevention (USA) guideline on environmental infection control. Likewise, the 
Hospital Isolation Precaution Working Group (UK) stated that “Hot water and 
detergent are sufficient for most purposes”.

The importance of cleaning with a detergent using up-to-date technologies must 
be highlighted. However, in circumstances of heavy organic soiling, such as 
blood or body fluid spills, rapid disinfection is inevitable and necessary in order 
to prevent fixation. In these circumstances, not all disinfectant products perform 

equally. The efficacy of different methods of surface disinfection and cleaning to 
reduce microbial loads and prevent the dissemination of micro-organisms in a 
laboratory model (wet mop technique) has been studied (Exner M et al., J Hosp 
Infect 2004;56 Suppl 2:S70). This investigation found that when aldehydes and 
peroxides were used as the disinfectant agent, S. aureus was not smeared and 
spread to other surfaces. By contrast, smearing and spread to other test surfaces 
did take place when using water, surfactants, and even certain types of disinfec-
tants (glycol derivatives, quaternary ammonium compounds and alkylamines).

New disinfectants, mainly peroxygen compounds, show good (and even spori-
cidal) properties and will probably replace more problematic substances such 
as chlorine-releasing agents. For preventing the transmission of prions, new 
methods and substances show promising activity. The transmissibility of vi-
ruses like norovirus shows the need for sound data on how different disinfectant 
classes perform with respect to inactivation. The same applies for biofilms or 
other forms of surface-adherent microbes, which pose a special challenge to 
decontamination. 

Although resistance to biocides is generally not judged to be as critical as an-
tibiotic resistance, scientific data generally discourage the 
widespread use of biocides, especially in low concen-
trations and in consumer products Carson RT et al. J 
Antimicrob Chemother 2008;62:1160). Increased 
use of biocides, particularly in many household 
products, is in conflict with the principle that 
antiseptics and disinfectants (incorporated 
into formulated products) should be used 
only when necessary and then only 
with a full appreciation of the 
factors influencing their 
activity. Even the wide-
spread use of silver as 
a biocide – commonly 
in appliances such 
as refrigerators 
or toilet seats - is 
likely to support 
the development 
of resistance with-
out proven beneficial 
effect. New technologies 
and products (like hy-
drogen peroxide vapour 
decontamination) must 
be evaluated with sound 
methods to demonstrate 
their properties and their 
restrictions.

Healthcare Environment Decontamination
PROF. MARKUS DETTENKOFER, UNIVERSITY MEDICAL CENTER FREIBURG, GERMANY
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It is universally accepted that healthcare-associated infections pose a substantial risk to patients, 

and that contamination of the inanimate healthcare environment with microbial pathogens can lead 

to contamination of healthcare workers’ hands thus providing a vector to infect vulnerable patients. 

Evidence exists that many of these pathogens survive well, thrive even, in environmental reservoirs. 

The conditions and mechanisms of decontamination, however, are still debated. And it should be 

kept in mind that the still generally low compliance with hand hygiene is the more urgent problem 
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Patient Safety Climate: Variation in Perceptions by 
Infection Preventionists and Quality Directors

PROF. ELAINE LARSON, CENTER FOR HEALTH POLICY, COLUMBIA UNIVERSITY SCHOOL OF NURSING, NEW YORK, NY

A “culture of safety” has been defined as the shared values and patterns of 
behavior that determine the degree to which all organizational members direct 
their attention and action towards minimizing patient harm. Many healthcare 
institutions have adopted a “culture of safety” philosophy as an integral part of 
their delivery process or service.

Healthcare-associated infections (HAI) are a key patient safety issue. In the past 
20 years, the overall incidence of HAI has increased by 36%, and the substantial 
human suffering and financial burden of these infections is staggering. Annually, 
in the United States, approximately 2 million patients develop an HAI, and nearly 
90,000 of these patients are estimated to die. The Centers for Disease Control 
and Prevention has recently estimated the annual hospital costs of HAI in the 
United States to be between 25.0 to 31.5 billion dollars per year. 

In a recent study (Interdisciplinary Perspectives on Infectious Diseases
Volume 2011, Article ID 357121) we explored whether patient safety climate 
varied between two different but essential roles in the prevention of infection 
and across different hospitals: Infection Preventionists (aka Infection Control 
Professionals) and Quality Directors. The aims of this study were (1) to com-
pare the perceptions of two aspects of patient safety climate between Infec-
tion Preventionists and Quality Directors in the same hospital, (2) to identify 
setting and role characteristics associated 
with differences in perceptions of patient 
safety climates, and (3) to identify setting 
characteristics that predict more positive 
perceptions of patient safety climates. 

This study was an analysis of two cross-
sectional surveys conducted simultane-
ously. There were 322 eligible hospitals; 
149 hospitals (46.3%) responded to both 
surveys. Seventeen hospitals with insuf-
ficient data were excluded. Addition-
ally, hospitals were removed from specific 
analyses if there were two or more miss-
ing responses and imputation was not 
possible. 

We found that Infection Preventionists 
and Quality Directors in the same hospital 
varied in their perceptions across the two 
patient safety climate scales. However, our 
hypothesis that Infection Preventionists 
would perceive a lower climate of patient 
safety compared to Quality Directors was 

supported in only one of the microclimates. Generally, Infection Preventionists 
had more positive perceptions of Senior Management Engagement, and the 
Quality Directors had more positive perceptions of Leadership on Patient Safety. 

In a study of personnel in 92 hospitals, Singer and colleagues found differences 
in perceptions of safety climate by both role (i.e., senior management, supervisor, 
and front line worker) and by discipline (i.e., physician, nurse, other clinician and 
nonclinician). Similar to our findings, these researchers found that senior manag-
ers perceived fewer problems with Senior Management Engagement than front 
line workers.

Another key finding of our study is that budget was an important predictor of 
more positive perceptions of patient safety climates. Having an independent 
budget for the infection prevention and control department may allow for more 
autonomy and development of infrastructure to promote patient safety. Accord-
ing to a policy brief by Pronovost et al., efforts are being made at Johns Hopkins 
Hospital to improve the safety culture by investing resources to monitor the 
rate-based measures of quality and safety. These authors noted that fulfilling 
a commitment to safe and high-quality care is not possible without significant 
investment in patient safety infrastructure. Based on a study by Fukuda et al., 
implementing hospital-wide safety practices requires considerable financial in-

vestment. Results from their study confirmed 
that hospitals with greater financial and orga-
nizational resources are more capable of pro-
moting the activities required for patient safety 
and infection control.

Conclusions
Although there have been many efforts to curb 
the increase in HAI, it is clear that this prevent-
able issue is slow to improve. Leaders play a 
pivotal role in hospital initiatives to improve 
quality. This study represents an advance over 
previous studies on the relationship between 
safety climate and personnel perceptions by 
examining those leaders who are essential 
to the prevention of HAIs in acute health care 
settings. Given the finding that there are dif-
ferences in perceptions among essential lead-
ers, this discord could be an inhibition toward 
achieving the goal of decreased HAIs. It is 
essential for those personnel in leadership to 
work collaboratively in order to not only en-
hance health care environments but also make 
it safer for patients.
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Beliefs and attitudes change over time and are influenced at conscious and subconscious levels. 

Although protocols, products, and elbow grease all contribute to the effectiveness of hospital clean-

ing, the impact of environmental services workers’ attitudes and beliefs on their performance cannot 

be ignored. 

Improved environmental cleaning can reduce hospital-associated infections (HAIs); however, the 

attitudes and beliefs of environmental service workers (ESWs) regarding their work and their impact 

on the effectiveness of cleaning have not previously been explored. We hypothesized in a recent 

study (American Journal of Infection Control 40 (2012) 260-2) that these attitudes and beliefs might 

influence the effectiveness of their cleaning.

METHODS
SickKids is a 260-bed, academic paediatric hospital. A study with ESWs working in the 11-bed 

neonatal intensive care unit and the 18-bed pediatric intensive care unit was carried out to examine 

ESWs’ attitudes and beliefs about their job and their impact on cleaning effectiveness.
The theory of planned behavior framed the development and analysis of a validated 20-statement 

survey tool designed to elicit perceptions and predictors of behavioral intentions associated with 

the ESW role. The tool was distributed to 30 ESWs working in the ICUs, who identified their degree 

of agreement using a 5-point Likert scale. Focus groups scheduled at the ESWs’ convenience were 

facilitated - four sessions before and 3 after the educational intervention were attended voluntarily 

by a total of 18 participants. 

Attitudes and Beliefs Also Influence the Effectiveness of Hospital CleaningDr. AnnE MATLoW, MD, FrCPC, WoMEn’S CoLLEgE HoSPITAL

rICHArD WrAy, rn, BA, Mn, HoSPITAL For SICK CHILDrEn, ToronTo
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Although cleaners represent a significant proportion of the working population 
worldwide, they remain a relatively understudied occupational group. Cleaners 
undertake diverse tasks, ranging from domestic cleaning to cleaning in offices, 
hospitals, kitchens, public buildings, and industrial plants. It has been reported 
that 3% of the female workforce in Finland and 4% in the United States have a 
job in this field. And in my country, Spain, approximately 10% of women over 
16 years old worked as cleaners in the year 2000. Exposure to substances in 

the workplace is thought to cause more than 10% of all cases of adult-onset 
asthma, and cleaning has been described as a particular occupational risk due 
to an increased incidence of asthma and asthma-like symptoms among cleaning 
workers. In a recent article (Quirce S, Barranco P. Cleaning agents and asthma. J 
Investig Allergol Clin Immunol. 2010;20:542-50) we explored this risk.

In the USA, the states of California, Massachusetts, Michigan, and New Jersey 
conduct work-related asthma surveillance as part of the Sentinel Event Notifica-
tion System for Occupational Risks (SENSOR). The Californian surveillance sys-
tem showed that janitors and cleaners had the highest incidence of work-related 
asthma. Rosenman et al reviewed reports on work-related asthma associated 
with cleaning products and found that a cleaning product was 1 (or more) of the 
3 suspected agents identified in 236 (12%) of the 1,915 confirmed cases. Of the 
products identified, bleach was the most frequent.

Cleaning Agents
A cleaning product is defined as any material used for cleaning or disinfect-
ing surfaces in general work environments. These products have become an 
indispensable part of modern life, as they are used on daily basis in nearly all 
workplaces and homes. A wide array of cleaning agents has been developed to 
facilitate dust and dirt removal, and for disinfection and surface maintenance.

The cleaning products used for common janitorial tasks are mixtures of many 
chemicals, which are usually classified in product categories according to their 
application. The main chemical components of cleaning products include deter-
gents, disinfectants, alkaline agents (eg. sodium hydroxide, ammonia), acids, 
complexing agents (water softeners), solvents, corrosion inhibitors (eg.mono-
ethanolamine), film formers and polishes (eg. acryl polymers, polyethylene), 
preservatives (eg. benzalkonium chloride, isothiazolinones, formaldehyde), and 

perfumes or scents.

Detergents
Detergents, such as fatty acid salts (soap) and organic sulpho-
nates, reduce the surface tension of water. More aggressive 
and effective detergents are increasingly used and may cause 
irritation of the skin and mucous membranes. Only sparse 
data exist in relation to surfactants and allergic sensitization. 
It has been hypothesized that the strong surfactant properties 
of some ingredients of modern detergents may interfere with 
various intricate cellular interactions taking place along im-
munological pathways, including formation of type 2 helper 
T cytokines.

Disinfectants
The main chemical classes of disinfectants are alcohols (eg. 
ethanol, isopropanol), aldehydes (glutaraldehyde, orthophthal-
aldehyde), oxidizers (eg. sodium hypochlorite, H2O2), pheno-
lics (phenol, thymol, o-phenylphenol), and quaternary ammo-
nium compounds. Disinfectants have been identified as the 

most hazardous group of cleaning agents.

Bleach, whose active compound is sodium hypochlorite, and ammonia are 
among the most common chemicals used in cleaning products. Chlorine is a 
very toxic gas and exposure to levels as low as 1 ppm for a few minutes can 
irritate the eyes, nose, and throat. Chlorine also has a strong irritant effect on 
the airways.

Quaternary ammonium compounds, which are also known as quats, are widely 
used in cleaning products as antiseptics, disinfectants, detergents, and pre-
servatives. Bernstein et al described a case of occupational asthma caused by 
prolonged workplace exposure to a cleaning solution containing benzalkonium 
chloride. Exposure to quats can occur either by inhalation of aerosolized liquid 
particles generated during application or by inhaling these liquid particles ab-
sorbed into the dust particles that are re-suspended in the air.

Perfumes and scents
Perfumes and scents are common components of many cleaning products. Pine 
scent containing terpenes can act as a sensitizer, as can limonene, eugenol, and 
other fragrances. Terpenes can cause secondary emissions due to reactions of 
the primary exposures with oxidizers present in indoor air. These reactions can 

Cleaning Agents and Asthma
DR. SANTIAGO QUIRCE, ALLERGY DEPARTMENT, HOSPITAL LA PAZ HEALTH RESEARCH INSTITUTE, MADRID, SPAIN
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there is general consensus that environmental cleanliness is important for controlling infection, 

and there is increasing evidence to support basic cleaning in hospitals when considering hospital-

acquired infections (hais). Finding the evidence to support cleaning as a significant factor in prevent-

ing infection has been seriously disadvantaged because there are no accepted risk-based standards 

to verify whether a hospital is truly clean and safe. Visual inspection of the hospital environment 

does not provide a reliable qualitative nor quantitative assessment of the infection risk for patients 

- microbes are invisible and they are not necessarily associated with visual dirt. indeed, there has 

been a recent surge of articles supporting the importance of cleaning, including in the paper from 

which this article is derived (euro J clin Microbiol infect Dis. 2011 Dec;30(12):1473-81).

Pathogens survive in the hospital environment

the microbes linked with hai have two special properties. not only do they cause disease, but they 

survive in the hospital environment for weeks. examples include methicillin-resistant Staphylo-

coccus aureus (MrSa), Clostridium difficile, acinetobacter, and vancomycin-resistant enterococci 
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There is no dispute that healthcare-associated infections (HAI) remain a major 
cause of patient morbidity and mortality in healthcare facilities, including non-
acute facilities. In the United States there are approximately 1.7 million HAI every 
year, resulting in close to 100,000 deaths. In particular, emerging organisms 
such as norovirus, Clostridium difficile, and Acinetobacter spp have caused a 
great deal of distress for patients, and the healthcare workers who have to 
battle these bugs. For many years the role of the contamination of surfaces in 
healthcare facilities was a debatable point. However, these three organisms in 
particular have shown that the healthcare environment has everything to do with 
healthy patients, and that it requires greater attention.

A recent article in the American Journal of Infection Control drove this point home 
quite nicely. David Weber, William Rutala, and colleagues looked specifically at 
norovirus, C. difficile, and Acinetobacter and the role that the hospital environ-
ment played as a vector of transmission. These three organisms were selected 
in particular for several reasons, not least of which because they are known to 
survive for long periods on environmental surfaces (hours to years), they each 
have a low infective dose (just a few virons in the case of norovirus), and they 
are the causative agent in a great number of outbreaks every year. The authors 
explore each organism in turn.

The understanding of norovirus transmission and pathophysiology has been 
limited by the lack of a culture system for growing the virus, and limited animal 
models.  The shear number of norovirus outbreaks is astounding. This pathogen 
is responsible for approximately 50% of all epidemic gastroenteritis, and more 
than 90% of all non-bacterial gastroenteritis. This virus is responsible for an 
estimated 267 million infections annually. Transmission is generally fecal-oral 
(although outbreaks from contaminated food and water are reported), most no-
tably from coming into contact with contaminated surfaces and not subsequently 
performing adequate hand washing. Norovirus infection is associated with a 
short incubation period (10-51 hours), although the infected person remains a 
potential transmitter for several days beyond the point when clinical symptoms 
have resolved. It is a hardy organism, not substantially affected by alcohol hand 
rubs, and able to survive for long periods in in-use concentrations of quaternary 
ammonium disinfectants.

Clostridium difficile is widely known and loathed by infection control profession-
als. A spore-forming and toxin-producing bacillus, it is carried in the intestinal 
flora of approximately 3% of healthy adults, and 20-30% of hospitalized adults. 
Once in the environment it can exist as a vegetative cell or spore form. The 
vegetative cell survives for only 15 minutes on dry surfaces, although they may 
remain viable for up to 6 hours on moist surfaces. The spore form, on the other 
hand, is highly resistant to chemical disinfectants, alcohol hand rubs, heat treat-
ment, and physical removal. It is transmitted by the fecal-oral route. Hands, 
surfaces, and equipment are easily contaminated, to the extent that as many 
as 75% of rooms with a symptomatic patient show heavy contamination on 
surfaces. In recent years an increased incidence of C. difficile infection has been 

reported, along with an increase in related hospitalizations and deaths. 
The frequency of drug-resistant Acinetobacter spp has been increasing, and 
multiple outbreaks have been reported. Once these aerobic, gram-negative bac-
teria are established in an institution, outbreak strains often become endemic. 
The crude mortality rate ranges as high as 50%, and the attributable mortality 
can be as high as 43% for intensive care patients. Acinetobacter can survive in 
the healthcare environment for weeks, particularly in areas of high humidity, and 
up to an hour on fingertips. One study recovered Acinetobacter from 28.6% of 
the hands of healthcare workers tested. The organism is found to be generally 
susceptible to surface and hand disinfectants. 

Hand hygiene is seen as the cornerstone of infection prevention and control, and 
yet the frequency of positive hand cultures is directly related to surface con-
tamination. In one study with Clostridium difficile, hand contamination was 0% 
when environmental surface contamination was between 0% and 25%. When 
surface contamination was between 26% and 50%, hand contamination climbed 
to 8%, and when surface contamination was greater than 50%, more than 36% 
of hands tested showed contamination.

The authors of this AJIC article point out time and again that these 3 “emerging” 
organisms are becoming ubiquitous in healthcare environments and conclude 
that enhanced environmental cleaning/disinfection is recommended as part of 
a bundle approach to resolve or prevent outbreaks. Complete prevention of en-
vironmental contamination is not possible, considering that hospitals and long 
term care are populated by buggy humans. However, the appropriate deploy-
ment of properly educated environmental services workers, equipped with the 
chemical and mechanical tools that they need, using checklists and validation 
testing has had demonstrable improvements in the battle to prevent and control 
hospital-associated infection.

Role of Hospital Surfaces in the Transmission of 
Emerging Healthcare-Associated Pathogens

JANE BARNETT, CLINICAL NURSE SPECIALIST- INFECTION PREVENTION AND CONTROL, CHRISTCHURCH WOMEN’S HOSPITAL, NEW ZEALAND
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Mothers working outside of the home and subsidies for childcare have resulted in an increasing 

demand for childcare services to the extent that approximately 25% of pre-school children are in 

communal daycare situations in North America and other developed regions. Enteric (gastrointesti-

nal) illness in daycare centers (DCCs) is not an uncommon event and this article will review discuss 

the causes of and recommended actions to prevent/resolve outbreaks of enteric disease in these 

environments.

Enteric illness is facilitated by placing numerous children from diverse backgrounds together in a 

confined space. The unhygienic nature of children’s habits, such as mouthing equipment and toys, 

touching each other during play, and failing to wash hands after toileting, also aids the transmission of 

infectious disease agents between children. Diapered children increase the risk of infectious agents 
spreading to others via caregivers’ hands, clothing, change tables, and 

leakage. Declining immunity from maternal antibodies (i.e., from 
breastfeeding) after six to 12 months of age also increases the 

risk of illness, especially for those one to two years of age. 
Whether a child is a symptomatic or asymptomatic carrier of 
an infectious   a 10 year period to identify the most common 
types of infectious agents reported, mode of transmission, 
morbidity and mortality, age of cases, the number of staff 

and contacts affected, and the practices found effective 
by investigators. Knowing which practices are effec-

tive and understanding the epidemiology of enteric 
diseases in DCCs may lead to a reduction in oc-currence, resulting in decreased economic and social burden for families, decreased medical costs, and a healthier environment for both chil-dren and staff.

Enteric Outbreaks in Child Care Centers: Effective Infection Control RecommendationsMARILYN B. LEE, SCM., C.P.H.I.(C), RYERSON UNIVERSITY

JUDY GREIG, EPIDEMIOLOGIST, PUBLIC HEALTH AGENCY OF CANADA
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When hospitals are threatened by increasing infection rates, it is unsurprising 
that administrators would seek a rapid solution. The rising popularity of 
automated no-touch systems, such as those that radiate UV light or disperse 
hydrogen peroxide, illustrates a predictable managerial reaction to outbreaks. In 
keeping with twenty-first century ethos, automated systems offer labour-saving 
decontamination, and we should be grateful for the technology. However, there 
is a concern that managers might choose push-button gadgets rather than 
reduce bed occupancy or employ more cleaners. I discussed this recently in the 
Journal of Hospital Infection (2013 Aug;84(4):339-40). 

Automated systems radiating UV light or dispersing hydrogen peroxide eliminate 
a range of surface pathogens as would be expected following such exposure. In 
one published review, the hydrogen peroxide decontamination device resulted in 
patients being 64% less likely to acquire any multiply drug-resistant organism, 
and 80% less likely to acquire vancomycin-resistant enterococci (VRE). However, 
not mentioned in that review was that the risk of acquiring Clostridium difficile, 
Methicillin-resistant Staphylococcus aureus and multidrug-resistant Gram-
negative bacilli was ‘not significantly reduced’. The microbicidal effects of the 
hydrogen peroxide decontamination devices are impeded by surface properties 
and debris, e.g. linen, soft furnishings, and organic soil. The automated systems 

cannot be used where rapid turnover of rooms is 
required, nor when rooms are occupied, and there are 
continuing risks of accidental exposure to people, plants, and animals. 

Is current evidence on clinical benefit sufficiently plentiful and robust to allocate 
scarce healthcare resources for these systems? Is anyone promoting the 
benefits of basic cleaning with soap and water? Not only is physical removal 
of bioburden a vital component of the cleaning process, it is just as effective 
as many hospital disinfectants for controlling environmental microbes. This is 
partially, but not solely, explained by the fact that the microbicidal activity of 
many disinfectants is inversely proportional to the degree of organic soiling on 
a surface. 

Hospital cleaners are still not valued for the work that they do and there are 
too few in most facilities. If hospitals want to use automated systems, then 
the caution offered in this opinion will not stop them. But before discarding 
mops and buckets, managers should remember that, smart as they are, these 
automated devices cannot yet remove a puddle of urine, nor can they retrieve 
the potato-crisp packet from under the bed. For those of us with a mind to 
Darwinism, the cumulative effect of repeated microbial obliteration does not 
bode well for the future. 

The Battle for ‘Clean’ Surfaces
DR. STEPHANIE DANCER, DEPARTMENT OF MICROBIOLOGY, HAIRMYRES HOSPITAL, UK

Toilets and commodes are probably the most heavily soiled and contaminated 
surfaces in the room of a patient infected with Clostridium difficile. And there 
is potential for a disastrous outbreak if the proper cleaning isn’t happening. 
Although it sounds like a rhetorical question – whose job is it? - what you think 
is happening, may not actually be happening.

The toilets in most healthcare facilities are the responsibility of the housekeeping 
staff to clean. In my own facility the protocol is that the toilets are cleaned once 
a day on the wards and throughout the hospital. If the patient is diagnosed with 
Clostridium difficile Associated Diarrhea (CDAD), that is bumped up to twice daily 
cleaning of their bathroom area, morning and afternoon. Our infection control 
protocol recognizes that the toilets need to be kept as clean as possible to reduce 
the risk for transmission.

To test the bathroom cleaning compliance of housekeeping staff in the rooms of 
CDAD patients we use a water-soluble UV marker to “inoculate” various surfaces 
of the toilet seat. The marks show up as fluorescent whirls under UV light, but 
are invisible under normal light. The fresh marks are considered 100% fluo-
rescence, and even a simple wipe with a damp cloth can remove 50% of the 
mark. We allowed the housekeepers to clean the toilets as they normally would, 
unaware of the mark, and then viewed and evaluated the residual fluorescence. 
We discovered that the cleaning efficacy of toilets in CDAD isolation rooms aver-

aged 56.5%, whereas a regular non-isolation room averaged 72.9%. Rather than 
increased cleaning and decontamination, toilets in isolation rooms were cleaned 
less carefully. We can only speculate that the cleaners wanted to get in and out 
of the isolation room quickly and thereby rushed the decontamination procedure.

Commodes are notorious for moving between rooms. Of course it is important 
that once a patient is diagnosed with CDAD, if they need a commode, it is dedi-
cated to their room and not shared between patients in multiple rooms. If the 
commode is handy to the patient, who will have frequent and sudden bouts of 
diarrhea, there won’t be a temptation for a worker to rush into another room for 
a commode. The question again is: who is designated as responsible for clean-
ing the commodes? It was a surprise to us to find out that everybody thought 
everybody else was doing it, and in the end, nobody was doing it because it had 
not been designated as a responsibility.

If no-one is designated to clean the commodes, they may not be cleaned at all, 
or they may be cleaned very sporadically. You may think that in your policy you 
have toilet cleaning once or twice a day as a routine, but the commodes are 
one of those little cracks in the sidewalk. If nobody is actually aware that they 
are responsible for it, the cleaning of commodes will get lost in the busyness of 
modern healthcare.

Cleaning C diff – Whose Job Is It Anyway?
EXCERPTS FROM A TELECLASS LECTURE BY DR. MICHELLE ALFA, WINNIPEG, MANITOBA
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Hospital housekeeping staff routinely use cloth towels soaked in a hospital disinfectant to clean 

patient rooms (including terminal cleaning) and other areas of the hospital. These cloth towels are 

typically immersed in a bucket containing hospital disinfectants until needed, wrung out, and used 

to clean surfaces inside patient rooms. The towels are then either washed in-house or sent out to 

a central laundering facility, and the clean towels are stored and then reused in the same manner. 

In a recent study (Am J Infect Control. 2013 Mar 22) we undertook a project to examine the effects 

on the microbial loads on the cloths of laundry and cleaning practices commonly used in hospitals. 

Ten hospitals were surveyed regarding their cleaning procedures and use of disinfectants for sani-

tizing rooms after patient discharge. A survey of cleaning practices was conducted at each hospital, 

and 3 laundered towels were obtained from each location. Swab samples were also collected 

from the inside surfaces of the buckets in which the towels were soaked in quaternary ammonium 

disinfectant. The towels and swabs were cultured for the presence of colony-forming units (CFU) 

of aerobic spore-forming bacteria, Clostridium difficile, molds, heterotrophic bacteria, S aureus 

(including MRSA), total coliforms, and Escherichia coli.

Microbial Contamination of Hospital Reusable Cleaning TowelsCHARleS P. GeRbA, PHD
DePARTMenT oF SoIl, WATeR, AnD envIRonMenTAl SCIenCe

UnIveRSITy oF ARIzonA, TUCSon, Az
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First Do No Harm
Professor Robert J. Pratt CBE FRCN

Institute for Research in Health & Human Sciences

Thames Valley University, London, England

Clinging to the edge of life, a young wife and 

mother of three fights to survive life-threatening 

injuries sustained as a result of a ‘hit and run’ road 

traffic accident. Intensive Care Unit staff support 

her through one crisis after another and finally 

stabilise her condition. The relief 

of family and staff is palpable as 

during the next four days she 

slowly improves.  

And then – a fever develops. As 

her condition rapidly worsens, 

a catheter-related bloodstream 

infection is suspected (and later 

confirmed) and aggressive an-

timicrobial treatment initiated. 

But it’s too late, the treatment is 

ineffective, everything is mov-

ing too fast and suddenly she’s 

gone. 

Although initial surveillance 

cultures were all negative for re-

sistant organisms, cultures taken when the fever 

developed come back positive for both meticillin-

resistant Staphylococcus aureus and glycopep-

tide-resistant enterococci. After all that work, all 

that progress so painfully won, the promise of re-

covery and life… what happened here? Everyone 

was confident that she had an excellent chance of 

recovery – she was young and strong and was be-

ing cared for by specialist practitioners. 

Recent audits of hand hygiene practices in the 

ICU were disappointing – some staff members 

were not decontaminating their hands each and 

every time they should have. There were many 

reasons for this – intense workloads, continuing 

high bed occupancy, staff fatigue, shortage of 

staff, etc. 

The reality of this death was almost certainly that 

someone who provided care for her infected her, 

and it was probably preventable. So, no rational-

ising, no excuses, no apologies – sorry doesn’t do 

it. The rate of preventable healthcare-associated 

infections (HCAI) is unacceptable and it must be 

reduced – however and whatever it takes. 

The Infection Control Nurses Association (UK) 

has been proclaiming for decades that each per-

son working in healthcare, whether it be in a 

clinical or nonclinical role,  is responsible for 

taking active measures to minimise the risk of 

HCAI to patients – it’s everybody’s business 

and it’s a 24 hours, 7 days a week job. The indi-

vidual responsibility for protect-

ing patients from infection isn’t 

new – it’s always been at the 

core of healthcare practice.  The 

founders of the professions of 

medicine and nursing stressed 

the essential need for patient 

safety. The dictum Primum non 

nocere (First, do no harm), orig-

inated from the writings of Hip-

pocrates, the father of medicine, 

where he said: “As to diseases, 

make a habit of two things – to 

help, or at least to do no harm” 

(Of the Epidemics, 400 BC).  

This was further elaborated by 

Florence Nightingale who wrote 

that “It may seem a strange prin-

ciple to enunciate as the very first requirement 

in a hospital, that it should do the sick no harm” 

(Notes on Nursing, 1859). 

The public could be forgiven for thinking that 

not harming patients is axiomatically embed-

ded in the day-to-day practice of everyone who 

works in hospitals and in primary and commu-

nity care settings. We know how to protect pa-

tients from the risk of HCAI and this knowledge 

is based on good quality evidence. It seems so 

simple: effective hand hygiene practice, active 

HCAI surveillance with meaningful feedback, 

the safe use of medical devices, good standards 

of targeted disinfection and environmental hy-

giene, and consistently adhering to the infec-

tion prevention and control recommendations 

in national and local guidelines. If colleagues 

do just this, HCAI rates will plummet – end of 

story, right?  But it’s not – it’s more complex 

than this and we often don’t really comprehend 

the organisational and individual behaviours 

associated with failing to effectively use these 

evidence-based measures to protect patients 

from HCAI. 

Continued on page 6
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Conclusions
Targeted surface disinfection is indispensable in modern healthcare facilities. 
However, disinfectants may be hazardous to personnel and patients, as well 
as the environment, and require special safety precautions. Unrestricted use 
of biocides, especially in low concentrations, may lead to the development of 
resistance. Disinfection and cleaning are established components of hospital 
infection control, and special situations require special procedures, e.g. when 
treating infected or severely immunocompromised patients or patients colonized 
with multi-resistant pathogens. New technologies and biocidal substances with 
promising properties should be further evaluated. As emerging resistant patho-
gens will challenge healthcare facilities in the coming years even more than at 
present, there is a need for well-designed (multicenter) studies addressing the 
future role of disinfection in hospital infection control (Dettenkofer M et al. J 
Hosp Infect 2011;77:7).

release secondary ultrafine particles that may be responsible for respiratory 
irritation symptoms.

The airborne concentrations of glycol ethers (regulated toxic air contaminants) 
and terpenoids (including d-limonene) were measured during and after the ap-
plication of 5 different cleaning products and air fresheners in a 50-m3 room 
ventilated at 0.5 m3/h. The results indicated that some cleaning agents can 
yield high levels of VOC, including glycol ethers and terpenes, which can react 
with ozone to form a variety of secondary pollutants including formaldehyde and 
ultrafine particles.

Summary and Conclusions
Cleaning agents are used in large quantities throughout the world. Epidemiologi-
cal studies have shown an association between cleaning work and asthma, but 
risk factors are uncertain. Exposure to cleaning products is a function of both 
product formulations and product application. Factors inherent to the environ-
ment where cleaning is done or the type of cleaning agents used may explain 
the differences observed between the different types of exposure. For instance, 
the use of cleaning products in spray form facilitates inhalation, and sprays may 
contribute to the burden of asthma in adults who do the cleaning in their homes. 
The ingredients of cleaning products should be systematically evaluated, and 
exposure in the workplace and at home should be assessed. A combination of 
product evaluation and exposure data is necessary to develop strategies for 
protecting exposed individuals from cleaning hazards.

CONTINUED FROM PAGE 6
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offered the alcohol solution to everyone working in the hospital environment, 
explained the benefits, and released the results of hospital infection rates ev-
ery six months. In the first three years of the program, consumption of alcohol 
handrub increased fivefold and nosocomial infection rates were halved.  Similar 
to Semmelweis, Pittet developed gray hairs likely resulting from his endless 
battle to change human behavior.

The foreword for this book was penned by no less eminent personalities than 
Margaret Chan, Director-General of the World Health Organization, and Sir Liam 
Donaldson, WHO Patient Safety Envoy. They write that the book is about how a 
great leader can inspire, galvanize action, transform, and sustain the benefit. To 
them goes the last word. “We are grateful for his exemplary leadership and for 
the bonds that he has helped us to forge ... Much can be learned from the story 
that is told so well and so inspirationally in this book.”

Review - Clean Hands Save Lives
The story of a revolution in hospital hygiene and the man who led it

PROF. ANDREAS WIDMER, MD, MS, UNIVERSITY HOSPITAL, BASEL, SWITZERLAND

It’s an unfortunate truism that we generally discover the significance of some-
one’s life-contribution only while attending their funeral. A fascinating new book 
by Thierry Crouzet, weaves moving, motivating, and inspirational stories of the 
journey of a man still very much alive. “Clean Hands, Save Lives” explores the 
life and work that shepherded an earth-shifting change in the way that hospitals 
practice hand hygiene. It’s the story of how one leader, Didier Pittet, was able to 
advance his dream of saving lives through clean hands worldwide. 

“How about infectious diseases, does that tempt you?”

Professor Francis Waldvogel, didn’t accept new doctors on his team at the Uni-
versity of Geneva Hospitals, just senior physicians. For this 26 year old, however, 
he would make an exception. Pittet had come to his notice as a 4th year medical 
student who competently, compassionately took charge of a patient interview, 
introducing the patient to the eminent Waldvogel and asking pertinent questions. 
At that time, medical students would not likely have been present at this inter-
view with a very ill leukemia patient, let alone speak without explicit permission. 
Didier Pittet was not, and is not, any ordinary man.

“Instead of striving to kill microbes in wounds, wouldn’t it be more reasonable 
not to put them there in the first place?”

Author Crouzet has a wonderful talent for storytelling. He takes us on a ride from 
the child boy scout, captain of his soccer and hockey teams, to the organizer of 
all the parties in medical school, who “carries everyone along with him”. We see 
the young doctor who observed nurses and other staff day and night to under-
stand the flow of their work to thus better understand the processes involved in 
infection transmission. We meet pharmacist William Griffiths, who was an expert 
on alcohol-based solutions and who created the first alcohol hand disinfectant, 
key to the global Clean Hands movement to come. We follow Pittet as he carries 
people along with him first in his own hospital, seeing hand hygiene improve 
and nosocomial infections decrease, and eventually converting those lessons to 
success around the globe. 

Never impose anything. Educate and incite.

Success, even in his own University of Geneva Hospital, was not immediate 
nor simple. The book candidly describes some of the roadblocks encountered 
by Pittet. In this respect we are also treated to a masterful encapsulation of 
the Semmelweis story, and the lessons taken from it into Pittet’s own efforts. 
In 1847, Ignaz Semmelweis bullied and brow-beat clinicians into rinsing their 
hands with the most corrosive and foul smelling cleaner that could be raided 
from the janitor’s closet. The resulting impact on deaths in his maternity clinic 
was impressive and would have likely been celebrated had it not been for Sem-
melweis’s disagreeable manner. He was dismissed from the hospital whereupon 
the death rate returned to “normal”. Pittet would never force or impose. He 

 Didier Pittet
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particular interest, since they are now used for a wide range of diagnostic and 
therapeutic procedures, are often grossly contaminated, and require special 
sterilization regimens involving chemical disinfectants as these medical devices 
are often heat sensitive. There are some reports describing the washer-disin-
fectors as a source of instrument contamination when the concentration of the 
high-level disinfectant is too low, or when biofilms are present.

There needs to be a balance between efficacy (ie, destroying microorganisms) 
of a microbicide and toxicity. The increased usage of products containing low 
concentrations of commonly used microbicides, such as phenolics and cationic 
compounds such as quaternary ammonium compounds (QACs), has raised some 
concerns about their overall efficacy, but also about the possible emergence of 
microbial resistance. Indeed, there are now multiple laboratory reports about the 
emergence of bacterial resistance to microbicides, often as a result of exposure 
to a lower (sublethal) concentration. The possible development of bacterial resis-
tance (not only to microbicides, but also to antibiotics), the benefit of microbicide 
usage, and their possible role in the emergence of multidrug-resistant bacteria, 
add further questions to the extensive use of microbicidal products. The benefits 
and disadvantages of microbicide usage in the healthcare environment need to 
be carefully considered.

CONTINUED ON PAGE 12

Microbicides in Healthcare: Usage,
and Possible Problems

DR. JEAN-YVES MAILLARD, WELSH SCHOOL OF PHARMACY, CARDIFF UNIVERSITY, WALE
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Originally employed for food and water preservation, chemical microbicides have been used for 

centuries. There are accounts, as early as Lister’s employment of carbolic acid in 1867, of their 

use for wound management. The advent of antisepsis and the use of chlorine water in the early 

19th century issued in the era of microbicides in healthcare, and the 20th century witnessed a 

tremendous increase in the number of these agents.  Microbicide (biocide) is now a term commonly 

used for a chemical compound showing antimicrobial activity and use as a disinfectant, antiseptic 

or preservative.

Microbicidal agents are used extensively in healthcare settings for different applications: disinfec-

tion of surfaces and water; “sterilization” of medical devices; skin antisepsis; and the preservation of 

various formulations. In addition, there are now numerous commercialized products containing low 

concentrations of microbicides, the (rapidly increasing) use of which is controversial. Indiscriminate 

use of disinfectants in the hospital environment is not a new problem as it was first raised in the 

1960s, but it remains a current issue. 
There needs to be a balance between efficacy (ie, destroying microorganisms) of a microbicide and 

toxicity. The increased usage of products containing low concentrations of commonly used micro-

bicides, such as phenolics and cationic compounds such as quaternary ammonium compounds 

(QACs), has raised some concerns about their overall efficacy, but also about the possible emergence 

of microbial resistance. Indeed, there are now multiple laboratory reports about the emergence of 

bacterial resistance to microbicides, often as a result of exposure to a lower (sublethal) concentra-

tion. The possible development of bacterial resistance (not only to microbicides, but also to antibiot-

ics), the benefit of microbicide usage, and their possible role in the emergence of multidrug-resistant 

bacteria, add further questions to the extensive use of microbicidal products. The benefits and 

disadvantages of microbicide usage in the healthcare environment need to be carefully considered.
Alteration of activityAn understanding of the factors affecting antimicrobial activity is essential to ensure that a micro-

bicidal product/formulation is used properly. A microbicide’s concentration is probably the most 

important factor to affect antimicrobial activity. Poor understanding of the effect of dilution on mi-

crobicide antimicrobial efficacy can lead to microbial survival on surfaces, but also in products, and 

thus to infection or spoilage. Bacterial survival in microbicidal formulations, notably containing QACs, 

has been described since the 1950s and has been linked to inappropriate usage. Bacteria resistant 

to all known preservatives have also been reported. 

Microbicides in Healthcare: Usage, and Possible Problems
DR. JEAN-YVES MAILLARD, WELSH SCHOOL OF PHARMACY

CARDIFF UNIVERSITY, WALES
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Originally employed for food and water preservation, chemical microbicides 
have been used for centuries. There are accounts, as early as Lister’s employ-
ment of carbolic acid in 1867, of their use for wound management. The advent 
of antisepsis and the use of chlorine water in the early 19th century issued in the 
era of microbicides in healthcare, and the 20th century witnessed a tremendous 
increase in the number of these agents.  Microbicide (biocide) is now a term 
commonly used for a chemical compound showing antimicrobial activity and 
use as a disinfectant, antiseptic or preservative.

Microbicidal agents are used extensively in healthcare settings for different ap-
plications: disinfection of surfaces and water; “sterilization” of medical devices; 
skin antisepsis; and the preservation of various formulations. In addition, there 
are now numerous commercialized products containing low concentrations of 
microbicides, the (rapidly increasing) use of which is controversial. Indiscrimi-
nate use of disinfectants in the hospital environment is not a new problem as it 
was first raised in the 1960s, but it remains a current issue. 

There is currently a debate as to whether all surfaces should be disinfected, or 
only “critical” and “non-critical” surfaces that may come in contact with sterile 
part of the body or vulnerable patients. There are a number of arguments either 
for the indiscriminate use of microbicides on surfaces or their prudent use and 
to date the status quo remain. However, other medical articles need thorough 
cleaning with detergents and chemical disinfection. Flexible endoscopes are of 



S P E C I A L  I S S U E

2770 Coventry Road, Oakville, ON L6H 6R1
Tel:(905) 813-0110 • Toll Free:1-800-387-7578
Fax:(905) 813-0220 • E-mail:info@virox.com
Website:www.virox.com

The FSC Logo identifies products which contain
wood from well managed forests certified in
accordance with the rules of the Forest
Stewardship Council A.C.

FSC Trademark © 1996 Forest Stewardship
Council A.C. FSC-CAN-1234

Alteration of activity
An understanding of the factors affecting antimicrobial activity is essential to 
ensure that a microbicidal product/formulation is used properly. A microbicide’s 
concentration is probably the most important factor to affect antimicrobial ac-
tivity. Poor understanding of the effect of dilution on microbicide antimicrobial 
efficacy can lead to microbial survival on surfaces, but also in products, and thus 
to infection or spoilage. Bacterial survival in microbicidal formulations, notably 
containing QACs, has been described since the 1950s’ and has been linked to 
inappropriate usage. Bacteria resistant to all known preservatives have also 
been reported. 

Exposure time is also essential. Decreasing exposure time is often associated 
with a decrease in activity. Other important factors relate to the conditions in 
which a product is employed, mainly the presence of organic materials (which 
will inactivate certain microbicides), or the concurrent use of a quenching agent 
(eg, combining a cationic agent with an anionic surfactant), or the combined use 
of a microfibre cloth with a cationic agent (eg, QAC).  In addition, the effect of 
temperature on microbicidal activity is important to understand in specific situ-
ations, for example, where microbicidal efficacy relies upon a combination of 
chemical inactivation and elevated temperature (eg, certain sterilization process; 
automated washer-disinfector). Finally, pH might not be as important here, but 
should not be allowed to change drastically during use. Understanding these 
factors is essential and the appropriate training of end users, ie, nursing and 
housekeeping staff, is important to ensure that the efficacy of a biocidal product/
formulation is maintained.

Bacterial resistance to microbicides
As mentioned earlier, some microorganisms are better at surviving a biocidal 
treatment than others, primarily through their intrinsic properties. “Imperme-
ability barriers”, encountered in spores but also in vegetative bacteria such as 
mycobacteria and to some extent in gram-negative bacteria, limits the amount 
of a microbicide that penetrates within the cell. The role of specific cell structure, 
such as lipopolysaccharides in gram-negative bacteria, have been demonstrated 
to be important in preventing the penetration (and subsequent activity) of certain 
microbicides in the microbial cell. The insusceptibility of gram-negative bacteria 
to biocidal agents can be decreased further by a change in overall hydrophobic-
ity, outer membrane ultrastructure, protein content, and fatty acid composition.

Bacteria are also able to decrease the intracellular concentration of toxic com-
pounds by using a range of efflux pumps. The involvement of multidrug efflux 
pumps in bacterial resistance to various compounds including QACs, phenolics, 
and intercalating agents has been widely reported, particularly in Staphylococ-
cus aureus, and in gram-negative such as Pseudomonas aeruginosa, Salmonella 
spp. and Escherichia coli.

The acquisition of resistance is of notable concern since a previously sensi-
tive microorganism can become insusceptible to a microbicide or a group of 
antimicrobials through, for example, the acquisition of multidrug resistant deter-
minants. Acquired resistance can arise through several processes - mutations, 

CONTINUED FROM PAGE 11 the amplification of an endogenous chromosomal gene, and the acquisition of 
genetic determinants. Phenotypic variations resulting from microbicide exposure 
also might lead to bacterial resistance and this is now well supported by docu-
mented laboratory evidence.  Phenotypic variation and antimicrobial resistance 
also concern bacterial biofilms, which are increasingly associated with bacterial 
contamination and infection. 

Emergence of bacterial resistance to 
microbicides and antibiotics 
While there is ample evidence from laboratory studies of bacterial adaptation 
to microbicides, linkage to antibiotic resistance is not always clear-cut. Several 
laboratory investigations have explored a possible linkage between bacterial 
resistance to antibiotics and different microbicides such as chlorhexidine and 
QACs. Although similar mechanisms of resistance have been identified such as 
impermeability, the induction of multidrug efflux pumps, over expression of mul-
tigene components or operons, and the alteration of a target site, the evidence in 
situ is lacking overall. Nevertheless, there have been a number of cases linking 
microbicide usage and emerging antibiotic resistance. For example, the use of 
chlorhexidine scrub-based preoperative showers might be associated with the 
emergence of methicillin-resistant S. aureus (MRSA), and the heavy use of QACs 
has been blamed for the dissemination of qac genes and the spread of efflux 
pumps.

Other considerations
Microbicides are chemical agents that are usually toxic at relatively high con-
centration, not only for the end user, but also for the environment. The toxicity of 
some microbicides has been particularly well described. The use of glutaralde-
hyde has been associated with dermatitis and occupational asthma. Toxicity and 
irritation have also been reported with other microbicides such as chlorhexidine, 
povidone iodine, QACs, and other disinfectants and antiseptics. A recent study 
found that hospital staff using disinfectants might not appreciate the health risks 
associated with a product.

The future of microbicides in the 
healthcare environment
The increased usage of microbicide in formulations needs to be balanced be-
tween the clear benefit of controlling infection and the potential risk associated 
with usage, not only in terms of emerging microbial resistance, but also their 
toxicity and environmental pollution. For a microbicidal formulation/policy to be 
effective, three essential components must include: knowledge of the chemi-
cal microbicide (ie, activity and limitation), training of end users, and verifiable 
compliance. 

Conclusion
Microbicides are essential in preventing and controlling infections in the health-
care environment and the benefits from their prudent usage currently outweigh 
possible disadvantages. Disinfection of noncritical surfaces and items, and the 
usage of microbicide-containing products, need to be reviewed, although the 
incorporation of microbicides into medical devices to prevent bacterial infection 
is promising, if controlled and assessed appropriately.

(References for this article are available on request)


