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“It ain’t what you don’t know that gets 
you into trouble. 

It’s what you know for sure that just 
ain’t so.”

Mark Twain 
American Writer and Humorist

Our evolving understanding of the 
role of the environment in Healthcare 
in causing HAIs is a good example of 
this concern………



Impact of the Environment on Infection Risk



MILLIONS OF PEOPLE DIE 
EACH YEAR FROM 

INFECTIOUS DISEASES, 
ESPECIALLY IN DEVELOPING 

COUNTRIES 
(WHO, 2017) 



Key causes of death from infectious diseases include: 
• 3.2 million deaths from lower respiratory disease (i.e. pneumonia)
• 1.4 million deaths from diarrheal diseases (E. coli, salmonella, cholera)
• 1.4 million deaths from tuberculosis (Tb)
• 1.1 million deaths from HIV/AIDS

Within Healthcare, Healthcare Associated Infections (HAIs) create significant morbidity & mortality.
• US: 4% of patients or 750,000 HAIs (Magill, 2014)
• Europe: 5.7% (3.5% - 12%) of patients or 3.2 million HAIs (eCDC, 2013)
• Low and middle income countries: 5.7%-19.1% of patients (WHO, 2011)

• Healthcare without infection is a patient safety goal in all countries.

• Magill, “Multistate Point-Prevalence Survey of Health Care–Associated Infections”, N Engl J Med, 2014;370:1198-1208.
• European Centre for Disease Prevention and Control. Point prevalence survey of healthcare associated infections and antimicrobial use in European acute care hospitals. Stockholm: ECDC; 2013. 
• WHO, “Report of the burden of endemic health care-associated infection worldwide:, WHO Press, 2011, Geneva Switzerland. 
• WHO, 2017: http://www.who.int/mediacentre/factsheets/fs310/en/

Infectious Disease Causes A Significant 
Burden To Society



Some findings:

• Lifetimes measured in days, weeks, 
months and even years

• The most epidemiologically relevant 
pathogens survive for months on surfaces

• Lower temperatures and higher humidity 
are associated with longer survival times

If they are not removed/killed, they 
can remain viable for prolonged 
periods of time in the environment.

Kramer A, “How long do nosocomial pathogens persist on 
inanimate surfaces? A systematic review”, BMC Infect Dis, 2006; 
130 (6): 1-8.

Survival of  transmissible pathogens  
in the environment



Previous patient illness can affect 
risk for next patient

Otter, et al, “Evidence that contaminated surfaces contribute to the 
transmission of hospital pathogens and an overview of strategies to address 
contaminated surfaces in hospital settings”, Am J Infect Control, 2013; 41: 
S6-S11.

Do patients have the right to 
ask about who used the bed 

before?



• WHO Press, “WHO Guidelines on Hand Hygiene in Health Care”, 2009. Downloaded from http://www.who.int/gpsc/5may/tools/9789241597906/en/ on July 23, 2013.
• Stiefel, et al, “Contamination of Hands with Methicillin-Resistant Staphylococcus aureus after Contact with Environmental Surfaces and after Contact with the Skin of 

Colonized Patients”, Infect Control Hosp Epidemiol, 2011; 32: 185-187.

Hand Hygiene Is Only Part Of 
Managing Environmental Risk

“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 through a healthcare environment within a few hours”.

“During daily practice, Healthcare workers’ (HCW) 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 HCW’s own body. “

“Hand contamination with MRSA has been demonstrated to occur with equal frequency 
when healthcare workers have direct contact with a colonized or infected patient or 
through touching only contaminated surfaces.”

World Health Organisation

Stiefel, 2011



Are Floors Underappreciated 
in Their Role in Pathogen Dissemination



How are bacteria and viruses 
disseminated in hospitals?

Wei J., Li Y., “Airborne spread of infectious agents in the indoor environment”, Am J Infect Control, 2016; 44: S102-S108.

• Coughing (24-23,600 droplets), talking (4-600 
droplets), and breathing by mouth (1-320 
droplets) all expel significant numbers of 
respiratory droplets per litre of air expelled.

• Airflow behind the body when walking creates 
swirling between the legs, a wake behind the 
torso, and a downwards plume behind the 
body.

• An upwards thermal plume around the body is 
caused by the body’s heat, reaching a peak 
velocity 0.5 m above the head, and lifting 
contaminants from the floor into the breathing 
zone or depositing them on surfaces off the 
floor. 

Wei et. al. reviewed papers on airflow and how respiratory 
droplets move through transport and dispersion into the 
environment.

Note: floors in most clinical areas are considered low risk with unclear hygiene requirements.



How are bacteria and viruses 
disseminated in hospitals?

Wei J., Li Y., “Airborne spread of infectious agents in the indoor environment”, Am J Infect Control, 2016; 44: S102-S108.

• People in close contact can contaminate each 
other by direct spray from large droplets or by 
inhalation of smaller droplets. Contamination 
of the other person’s skin or clothing can lead 
to self-inoculation through indirect contact 
transmission.



OR doors openings are frequent 
and increase air contamination

• In this study the authors investigated the frequency of door openings in the 
OR and the impact on air particulate levels.

• Amongst the findings:
• Air particulate levels increased 13% anytime one of the two OR doors opened. 
• Average total particulate counts were 9,238 in baseline and 14,292 during surgery 

for each sampling period (1-2 min), but not statistically significant (P<0.152).
• Large particles (>0.5 micron) were significantly higher (P<0.001). 
• On average, one of the doors to the OR opened 13.4 times per hour of surgery.
• Average of 2.3 people entered the OR when a door was opened.
• Most common reasons for opening the door were: equipment needed for the case 

(30.1%), status updates (11.8%), and scrub in/out (10.4%).
• Circulating nurses were the most common person to open doors (32.9%).
• While large particles settled quickly, small particles stayed in the air for long 

periods of time after a door opening.

• If particulates come from floors, floor hygiene has an impact on SSI rates.

Teter J, et al, “Assessment of operating room airflow using air particle counts and direct observation of door openings”, Am J of Infect Cont, 2017; 45: 477-482.



Patient footwear transfers 
bacteria into beds

Galvin, et al. “Patient shoe covers: Transferring bacteria from the floor onto 
surgical bedsheets”, Am J of Infect Control, 2016; 44: 1417-1419.

Floors were cleaned daily, but were not disinfected. The 
cleaning protocol was not adequate to remove bacterial 
contamination from the floors.

• Galvin found that the shoe covers provided to patients prior to 
surgery became contaminated and in turn contaminate the 
bedding.

• After 5 min of walking in the patient cubicle, shoe covers had 
226 CFUs/cm2    

• After 5 min in the bathroom, shoe 
covers had 8,080 CFUs/cm2

• Transfer from floors to bed sheets was 
0.5 – 5.7%

• S aureus was the most commonly 
recovered bacteria



Bacteria on floors can migrate 
to the patient bed

Koganti seeded a non-pathogenic bacteriophage (i.e. virus) 
in 30x30 cm areas on the floor near C. diff or MRSA patient 
beds in 10 patient rooms and swabbed high touch surfaces 
(within 1 meter of the bed) after daily cleaning had occurred 
(with 85% cleaning compliance).

• The phage was detected on multiple high touch surfaces in all 
seeded rooms after 24 hours

• The virus was commonly found in adjacent rooms and the nursing 
station, which were not seeded

• Transfer was believed to occur via footwear (floor to bed), but may 
have occurred via other modes as well

The findings suggest that health care workers contribute to 
dissemination. 

N.B In this study, during daily cleaning, floors were only cleaned if 
visibly soiled, but were always cleaned on discharge.

Koganti, et. al. “Evaluation of hospital floors as a potential source of pathogen dissemination using a 
nonpathogenic virus as a surrogate marker“, Infect Cont & Hosp Epidemiol; 2016: 37 (11): 1374-1377.



Frequency of High Touch Surface Contact



Patient Rooms See Substantial Traffic

Cohen B, Hyman S, Rosenberg L, Larson E, “Frequency of patient contact with health care personnel and 
visitors: implications for infection prevention”, Jt Comm J Qual Patient Safety, 2012; 38 (12): 560-565  

Room entry by type of visitor

• 45% = Nursing staff
• 23% = Personal visitors
• 17% = Medical staff
• 8% = Nonclinical staff
• 4% = Other clinical staff

• Average number of room entries = 5.5/hour (range 0 - 28)
• Number of different staff entering room = 3.5/hour (range 0-18)
• Number of people in room during waking hours = 15 hours * 

5.5 /hour = 82.5 people

This study measured the frequency of room 
entry during a typical patient day (between 5 
AM and 8 PM on an ICU and Med/Surg unit.



What do visitors touch while in the room?

Visitors contact a range of surfaces/objects

• 33.5% = contact with the environment only (Most common 
level of touch)

• 27.1% = patient’s intact skin 
• 17.8% = blood or body fluids
• 16.0%  = the person touched nothing in the room

Medical staff were more likely to be exposed to blood 
or body fluids than were nurses

Nonclinical visitors and personal visitors were 
exposed to blood or body fluids 19% of the time

75% of the time, nonclinical visitors touch 
environmental surfaces only.

Cohen B, Hyman S, Rosenberg L, Larson E, “Frequency of patient contact with 
health care personnel and visitors: implications for infection prevention”, Jt 
Comm J Qual Patient Safety, 2012; 38 (12): 560-565  



What surfaces do staff touch 
while in the room?

20Huslage K, Rutala WA, Sickbert-Bennett E, Weber DJ, “A quantitative approach to defining high touch 
surfaces in hospitals”, Infect Cont and Hosp Epidemiol, 2010; 31 (8): 850-853.

Huslage and Rutala (2010) 
studied high touch surfaces in an 
ICU and a general med-surg unit.
In the Med-Surg unit (touches per 
visit)

• Bedrails = 3.1
• Over-bed table = 1.6
• IV pump = 1.4
• Bed surface = 1.3

Average surfaces per interaction:

• ICU = 44, Med-Surg = 15



Combining the data:
• 82 people per day visit a typical patient room
• 2/3 are clinical staff. 1/3 are not.
• Bedrails get touched up to 256 times per day
• Disinfection of the bedrail is 1X per day in the US
• Many countries only clean daily, which may not remove 

pathogens, or only clean when visibly soiled.
256 

TIMES A DAY!



Significant Microbial Contamination of 
Surfaces Near Patients

• Key surfaces touched 6 (cardiac monitor) to 37 (overbed table) times per hour. 
• Bedrails were touched 16 and 20 times per hour (left and right bedrails).
• 10/500 (2%) samples tested positive for MRSA or MSSA.
• 53.0% of surfaces, No/low contamination (<2.5 cfu/cm2)
• 22.8% of surfaces, Light contamination (2.5 – 12 cfu/cm2)
• 24.2% of surfaces, Moderate/High contamination (>12-40 cfu/cm2)

Adams, et al, “Examining the association between surface bioburden and frequently touched sites in intensive care”, J of Hosp Infect, 2017; 95: 76-80.

In this study, five high touch surfaces 
in the near patient environment were 
swabbed to determine the bioburden. 

The number of contacts with the key 
surfaces to determine touch frequency.



Should We Consider 
“Point of Care Disinfection”

• As with hand hygiene, there is an increasing realization 
that disinfection needs to be convenient, safe, and 
simple to perform.

• Diversey has been focused on defining when 
disinfection should be done (what we call the Moments 
of Disinfection) and how to make disinfection 
accessible.

• Many countries differentiate hospitals into zones with 
some areas receiving disinfection and other areas only 
cleaning with neutral detergent.

• There is steady movement towards more disinfection 
in healthcare at the point of care, driven by an 
increased understanding of the prevalence of 
environmental contamination.



Diversey uses this model to help with development of point of care disinfection practices for a facility.
Key considerations are access to disinfectants and safety of the products selected.

1 BEFORE PLACING A 
FOOD TRAY

WHEN?
WHY?

Disinfect surfaces that might contact food or utensils before serving food.
Many organisms can be transmitted through ingestion.

2 AFTER ANY PROCEDURE 
INVOLVING FECES

WHEN?
WHY?

Disinfect surfaces that may have come in contact with feces or incontinence products.
To protect the patient and healthcare workers against harmful germs on surfaces.

3 AFTER DRESSING 
WOUNDS / WOUND CARE

WHEN?

WHY?

Disinfect surfaces that may come into contact with clean supplies (before procedure), and those surfaces that may 
have become soiled during wound care (after procedure), including sufaces the soiled care items touched.
To protect the patient before the procedure and the patient, visitors and healthcare workers against harmful germs that 
can be transmitted from surfaces after the procedure

4
AFTER ASSISTANCE 
WITH PRODUCTIVE 
COUGHING OR VOMITING

WHEN?

WHY?

Disinfect surfaces that come into contact with body fluids.

 To protect the patient, visitors and healthcare workers against harful germs carried in body fluids.

5 WHEN SURFACES ARE 
VISIBLY SOILED

WHEN?
WHY?

Disinfect surfaces that have been visibly soiled.
To protect the patient, visitors and healthcare workers against harmful germs that can be transmitted from soiled 
surfaces.

6 AFTER BED/SPONGE 
BATHS

WHEN?

WHY?

Disinfect surfaces that may have been soiled during bed baths or have been in contact with soiled sponges or cloths 
during or after the bath.
To protect the patient, visitors, and healthcare workers from harmful germs that may have been shed during bathing 
or that could be transmitted from surfaces contaminated by soiled cloths and sponges.

Diversey’s Moments of Environmental Hygiene 
To Disinfect a Patient’s Environment



Important Models to Incorporate into Staff Practices



World Health Organization, “WHO Guidelines on hand hygiene in health care”, WHO Press, 2009; Geneva Switzerland.



Safer Disinfection Alternatives



Disinfectants are being assessed differently

Several papers theorize about the properties for 
ideal disinfectant performance. Dr. Rutala’s 
recent paper lists the following.

1. Broad spectrum
2. Fast acting
3. Remains wet
4. Not affected by environmental factors
5. Nontoxic
6. Surface compatibility
7. Persistence
8. Easy to use
9. Acceptable odor
10. Economical
11. Solubility
12. Stability
13. Cleaner
14. Non-flammable

Rutala, et al, “Selection of the Ideal Disinfectant?”, Infect Control Hosp Epidemiol, 2014; 35: 855-865..

Efficacy (1) Broad spectrum
(2) Fast acting
(3) Remains wet
(4) Not affected by environmental factors
(7) Persistence
(13) Cleaner

Safety (5) Nontoxic
(6) Surface compatibility
(14) Nonflammable

Convenient to Use (8) Easy to use
(9) Acceptable odor
(10) Economical
(11) Solubility
(12) Stability



All disinfectant technologies 
come with trade‐offs

Key Properties IHP* Chlorine PAA Quat Quat/Alcohol Quat/Solvent Alcohol Phenolic
Broad spectrum

Fast acting

Remains wet

Not affected by 
environmental factors

Non-toxic

Surface compatibility

Persistence

Easy to use

Acceptable odor

Economical

Solubility

Stability

Cleaner

Non-flammable

Disinfectant Technologies

Best 

Does not 
meet 
standard

* IHP = Improved  
Hydrogen Peroxide 
disinfectants

• All disinfectants have some gaps in performance versus the Rutala criteria.
• What disinfectant is the best fit for a facility depends largely on the properties most valued.



Movement Away From Washable Wiping Cloths 
(to Pre‐wetted Disposables)



Concerns with microbial content of 
laundered fabrics

A recent study from Arizona in the US by Chuck Gerba 
showed that laundered cleaning cloths are routinely 
contaminated with bacteria.

• 93% (28/30) of sampled cloths from 10 different hospitals 
contained viable bacteria after laundering. 3 cloths were 
collected per hospital with 8 hospitals using cotton and 2 
using microfiber.

• The average bacteria load was 133 CFU/cm2. Species 
identified included Pseudomonas, Klebsiella, and Aspergillus 
fungi.

• The microfiber towels had higher numbers of bacteria than 
cotton cloths, indicating they were harder to launder. 

• 9/10 hospitals were using a quat disinfectant, 1 used bleach.
• 2/10 used a commercial laundry, 8/10 laundered in house.
• This study has increased interest in using nonwoven 

disposables (i.e. prewetted disposable wipes) in the US.

31
• Sifuentes LY, Gerba CP, et. al. “Microbial contamination of hospital reusable cleaning towels”. Am J of Infect Cont, 2013; 41: 912-915.



Prewetted disposable wipes are a 
growing alternative for several reasons

A study at the University of Louisville KY in the US investigated the use of pre-wetted disposable wipes 
as an alternative to a cloth and bucket method of disinfecting for operating rooms. 
A covert fluorescent marker was used to assess cleaning compliance.
Key findings:

• Time: The time to disinfect 6 selected surfaces was 178 sec for the pre-wetted wipes and 231 sec for the bucket 
method, (23% faster).

• Adherence: Cleaning compliance was 10.6/12.0 when using pre-wetted wipes and 8.1/12.0 for the bucket method. 
(Compliance was graded on the six surfaces as 0 for missed, 1 for partial cleaning and 2 for fully cleaning a surface.)

• Compliance: Surfaces stayed wet longer using pre-wetted wipes (10 min vs 4 min)
• Based on a labor rate of $10/hr, they calculate a savings of $38.58 per FTE per day using prewetted wipes. 
• Note this does not count the laundering, transportation, handling, or setup costs associated with laundered cleaning 

cloths, which would further increase the savings.

Wiemken TL, et. al. “The value of ready-to-use disinfectant wipes: Compliance, employee time, and costs”. Am J of Infect Cont, 2014; 21: 329-330.



UV Disinfection



UV ‐No touch disinfection seen 
as needed adjunct

Anderson DJ, et. al. “Enhanced terminal room disinfection and acquisition and infection caused by multi-drug-resistant organisms and Clostridium difficile 
(the benefits of enhanced terminal room disinfection study): a cluster-randomised, multicentre, crossover study”. Lancet, 2017: 389: 805-814.

A nine hospital study over 28 months examined the impact of using UV on 
patient room discharge cleaning with either bleach or quat disinfectants.

Key findings: 
• Use of UV lowered the infection rate for target organisms from 51.3 to 33.9 per 10,000 

exposure days for rooms cleaned with quat disinfectants.
• While lower, the difference in target organism rates for rooms cleaned with bleach versus 

reference was not significant (p=0.116) nor was the rate for bleach and UV versus 
reference (p=0.511). 

• C. diff incidence was not significantly different after using UV on discharge cleaning 
• The MRSA rate was lowered by the use of UV, but the difference was not statistically 

significant (p=0.104).
• The use of bleach lowered the VRE rate by 57% when compared to reference and lowered 

the VRE rate by 64% when bleach + UV was compared to reference.
• Cleaning compliance was >90% for all groups. Since this applied to the reference group, it 

may have masked rate decreases that would have been present with typical compliance 
rates of ~50%.



Diversey’s Best Practices 
(in Environmental Hygiene)



Diversey’s Best Practice 
Recommendations

• Preference for prewetted disposable wipes rather than launderable cloths
• Selection of disinfectants based on efficacy range, speed of kill, and safety profile, which leads to 

the use of improved hydrogen peroxide disinfectants
• Use of daily disinfection in any area providing patient care or where people congregate
• Use of gloves for all healthcare staff when applying disinfectants
• Point of care disinfection for between patients, after providing care, and on an as needed basis
• Plans developed for increasing disinfection frequency in the event of an outbreak
• Regular auditing to validate performance to standards and to identify key points of risk where cross-

contamination/transmission occurs. 
• Preference towards use of UV in patient room discharge cleaning.
• Utilize the concepts of moments of hand hygiene (WHO method), moments of patient hand hygiene 

(Donskey) and moments of disinfection (Diversey)
• Hand hygiene utilization auditing. Determine optimal dispenser placement, product formats needed, 

etc. to always provide hand hygiene at the point of care.
• Hand hygiene must also include ensuring proper technique and proper amount of hand rub.



Questions?


