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Abstract. - Healthcare-associated infec-
tions (HAIs) are one of the most relevant pub-
lic health problems worldwide. The role of the
hospital environment as a reservoir of patho-
gens causing HAls is still debated. These patho-
gens are common in several hospital environ-
ments, where they are able to persist from hours
to months and their circulation is favored by
healthcare workers (HCWs). Hospital surfaces
at close contact with patients such as bed bars
and header, bedside table, taps, and handles in
wards (“high-touched surfaces”), are consid-
ered easily contaminable and at risk to transfer
pathogens to patients. However, some studies
showed the possible role played by “non-clas-
sical” surfaces such as healthcare workers’
(HCWs) mobile phones and personal comput-
ers as well as oxygen humidifiers and protective
lead garments used in operating rooms. HCWs’
hands play a fundamental role in patient-to-pa-
tient transmission by touching contaminated
surfaces or patients during care activities. The
aim of this review is to evaluate the role of the
hospital environment in the transmission of nos-
ocomial pathogens, focusing on single patho-
gens causing HAls and the importance of hospi-
tal surfaces as reservoirs.

Key Words:
HAIs, Hospital environment, Gram-negative bacte-
ria, Gram-positive bacteria.

Introduction

Nowadays, healthcare-associated infections
(HAISs) represent one of the most relevant public
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health problems both in high-income and devel-
oping countries'. HAIs heavily influence many
aspects of health care, such as patients’ safety and
economic burden??. In Italy, according to the Na-
tional Health Institute, there are 450,000-700,000
HAIs per year, 30% of which could be prevent-
ed®. In recent years, there has been an increasing
interest in the role played by contaminated hospi-
tal environment’. Many studies showed that the
hospital environment could be accounted for the
transmission of important nosocomial pathogens
to patients. Among these nosocomial pathogens,
there are methicillin-resistant Staphylococcus au-
reus (MRSA), vancomycin-resistant enterococci
(VRE), Clostridium difficile, Acinetobacter spp.
and Norovirus®** which can be easily isolat-
ed within the hospital environment, especially
nearby colonized or infected patients. These mi-
cro-organisms can persist in the environment for
hours to days (and in some cases for months), and
their circulation is facilitated by healthcare work-
ers. Table I shows the survival in the hospital en-
vironment of principal pathogens causing HAIs.
A preventable risk factor for infection with
MRSA, VRE, C. difficile or Acinetobacter spp
is represented by the hospitalization in a room
previously occupied by infected patients!14.2%:26,
Easily infected surfaces are those closer to the
patient, such as bed bars and header, bedside
table, taps and handles in wards (“high-touched
surfaces”). Moreover, some studies?’** demon-
strated the role played in this transmission by
“non-classical” surfaces, such as healthcare
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Table I. Environmental survival time of principal pathogens causing HATs (modified by Kramer et al*').

Microorganisms

Environmental survival time

Gram-negative bacteria
Escherichia coli
Pseudomonas aeruginosa
Klebsiella spp.
Acinetobacter spp.

Gram-positive bacteria
MRSA

VRE

Clostridium difficile

Fungi
Candida albicans

Viruses
Norovirus

From 1.5 hours to 16 months
From 6 hours to 16 months
From 2 hours to 30 months
From 3 days to 5 months

From 7 days to 7 months
From 5 days to 4 months
> 5 months

From 1 to 120 days

From 8 hours to 7 days

workers’ (HCWs) mobile phones and personal
computers as well as oxygen humidifiers and
protective lead garments used in operating
rooms. Furthermore, several studies focused
on the important role played by HCWs’ hands
in the pathogens transmission to patients. Es-
pecially, pathogens can colonize HCWs’ hands
by touching contaminated surfaces or contam-
inated/infected patients during care activities
and, consequently, can easily transfer the mi-
croorganisms to other patients*=’. As a matter
of fact, HCWs have frequent contacts with the
environmental surfaces in patients’ rooms and
they can easily contaminate their hands and/
or gloves in this way. It has been demonstrated
that MRSA can contaminate with an equal fre-
quency the HCWs’ hands following the contact
with either colonized/infected patients or only
with contaminated surfaces®®. Despite the high
scientific evidence, the importance of contam-
inated hospital environment and its sanitation
are still object of debate across the world®. A
number of studies highlighted the importance
of hospital cleaning in the reduction of HAIs*.
However, while much of the evidence for clean-
ing is linked to outbreaks, a few studies focus
on the impact of enhanced cleaning practices
on the hospital environment in the routine situ-
ation*'. This review aims to highlight the possi-
ble role of contaminated hospital environment
in the transmission of HAIs and it focuses the
attention on its role as reservoir and transmis-
sion of those pathogens widely considered the
principal cause of HAIs.

The Role of the Hospital Environment
Contamination in the Transmission of
Different Nosocomial Pathogens

Gram-Negative Bacteria

Acinetobacter Baumannii

Over the last years, Acinetobacter baumannii
has become one of the most important health-
care-associated pathogens. Many studies* re-
ported that it is the cause of outbreaks of nosoco-
mial infections including septicemia, bacteremia,
ventilator-associated pneumonia, wound sepsis,
endocarditis, meningitis, and urinary tract in-
fections. Moreover, over the last 30 years, some
strains acquired resistance to several antimicro-
bial drugs. They are currently known as Multi-
Drug Resistant (MDR) 4. baumannii. These
strains quickly disseminated in many health-
care settings worldwide becoming an important
nosocomial threat®. Several investigations have
reported that MDR A. baumannii infections in
different regions of the world including Eu-
rope, North America, Argentina, Brazil, China,
Taiwan, Hong Kong, Japan, and Korea are of-
ten associated with nosocomial infections*%.
A. baumannii, like other important nosocomial
pathogens, is able to survive on dry surfaces un-
der hard conditions, as lack of nutrients, and this
facilitates their persistence and transmission?'. A
study showed that A. baumannii is more resistant
than Escherichia coli on dry surfaces, where
it is able to persist for more than 4 months. In
addition, it can survive for more than 20 days
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on glass surfaces while placed at room tempera-
ture®. For these reasons, colonized medical de-
vices and equipment represent an important res-
ervoir in prolonged hospital outbreaks. Contam-
ination of hospital environment and equipment
with Acinetobacter spp outbreaks has indeed
been often reported. A lot of colonized objects
or materials likely to carry the micro-organism
have been identified. These include pillows, bed
linen, curtains, bedrails, bedside tables, water
used for nasogastric feeding or ventilator rins-
ing, gas taps behind the beds, door handles,
computer keyboards, sinks, and/or even cleaning
and respiratory equipment used for mechanical
ventilation, suctioning, devices related to intra-
vascular access®***. Also, HCWs’ hands can be
colonized with A. baumannii, thus promoting
the transmission to patients®. Epidemiological
studies showed that nurses and physicians had a
colonization rate of the hands ranging between
3% and 23% and that the colonization was often
temporary, excluding the case of injured skin*.
A. baumannii is one of the principal causes of
nosocomial pneumonia even if it is very difficult
to differentiate between simple colonization and
a real pneumonia’®. The frequency of nosocomi-
al pneumonia in ICUs is 3-5% with a crude death
rate of 30-75%%. A. baumannii causes 1.3% of
all the nosocomial bloodstream infections (BSI)
(0.6 BSI/10,000 admissions), especially for the
ICU-acquired forms (when compared to non-
ICU) and are frequently caused by intravascular
and respiratory tract catheters’*>*. However, the
origin of the bacteremia remains unclear in
about 21-70% of the cases’. Previous reports
showed that the death rate from A. baumannii
BSI is variable from 34% to 43% at ICU and 16%
in other wards*®**’. Many studies have shown
the importance of environmental cleaning in
controlling outbreaks of MDR Acinetobacter
spp. in critical care units®®*¢!, Particularly, some
scholars showed the success of a cleaning pro-
gram based on the use of sodium hypochlorite in
the management of outbreaks, along with hand
hygiene program, patient surveillance, barrier
precautions, contact isolation, cohorting affected
patients®>%. During an outbreak of Carbapen-
em-resistant A. baumannii, Doidge et al® found
that performing the cleaning with a commercial
oxidizing disinfectant containing 50% potassi-
um peroxomonosulfate, 15% sodium alkyl ben-
zene sulfonate, and 5% sulfamic acid instead of
normal detergent and alcohol wipes could rapid-
ly lead to the conclusion of the outbreak.
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Carbapenem-Resistant Enterobacteriaceae
(CRE)

Over the last years, carbapenem-resistant
Enterobacteriaceae (CRE) have become an im-
portant cause of HAIs worldwide. Outbreaks
have been reported from different countries
including the USA®7°. The resistance to carbap-
enems have been found in many Gram-nega-
tive species, including both Enterobacteriaceae
(e.g., Escherichia coli, Enterobacter spp, Serra-
tia spp) and non-fermenters (e.g., Pseudomonas
aeruginosa and Acinetobacter baumannii), but
K. pneumoniae is the most frequent species. Car-
bapenemase-producing K. pneumoniae is a nos-
ocomial pathogen especially causing HAIs such
as urinary tract infections, septicemia, pneumo-
nia and intra-abdominal infections, but it is not
commonly responsible for community-acquired
infections’"2. Recent investigations””* showed
the role of hospital environment cleaning in the
control of MDR coliforms transmission. More-
over, Kramer et al*! demonstrated that E. coli
and Klebsiella spp. are able to survive desicca-
tion for more than a year, and Serratia marc-
escens for several months. Additional works™®”
focused their attention on the resistance of MDR
coliforms in a variety of health care environ-
ments, with evidence that MDR Klebsiella spp
is found from surfaces more often than MDR E.
coli. Several rechearches have been conducted
to evaluate the presence of MDR CRE in the
hospital environment. Lerner et al” showed the
contamination of the hospital environment near-
by KPC-producing CRE carriers and it found
CRE around 88% of these patients. Fourteen
sites were tested: bed linen around the head,
crotch, and legs, personal bedside table, infusion
pump, personal chair, dedicated stethoscope, an
electrical outlet line, suction machine, respira-
tor, cardiovascular monitor screen, pulse oxim-
eter, manual respirator bag and enteral feeding
pump. CRE were found on sheet surfaces near-
by the pillow, inguinal area and legs, personal
bedside table and infusion pump, but the detec-
tion rate of environmental CRE was inversely
proportional to the distance from the carrier,
being the bed surfaces the most contaminated
sites”. Judge et al®® screened highly touched
surfaces located near carriers of MDR coliforms
(light switch, bed rail, bedside locker, and mat-
tress cover) and two sites situated in bathrooms
common among patients (shower handrails and
sink faucets). The results showed that MDR K.
pneumoniae contaminated four sites either near
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the patient or from the adjacent bathroom. The
isolated environmental strains were the same
as those isolated from the patient’s urine. Oth-
er authors®-* demonstrated that hospital sinks
represent one of the most frequent reservoirs for
MDR Gram-negative bacilli, including MDR
coliforms. In some cases, the replacement of
the sink and related pipes and the improvement
of the practices for sink usage and decontami-
nation ended the outbreak. Many studies have
highlighted the importance of hospital cleaning
in the prevention of CRE infections. A 1995
report already emphasized this issue. Soulier
et al*® carried out an educational intervention
to improve environmental cleaning and hand
hygiene in an 11-bed gastrointestinal surgical
ICU. They reported that performing the cleaning
with glutaraldehyde along with the introduction
of single-use equipment, barrier precautions and
hand hygiene, decreased the rate of patients
colonized with MDR Enterobacteriaceae from
70% to 40%®. Virgincar et al*” emphasized the
usefulness of additional chlorine-based cleaning
following isolation of a CRE K. pneumoniae
from patients in a United Kingdom hospital in
eradicating the strain. This action was part of
an infection control strategy including a urinary
catheter care bundle, improved hand hygiene
and contact precautions for all cases. Viale et
al® investigated the importance of enhanced
cleaning in the reducing CRE infections. The
program consisted of screening for CRE colo-
nization through rectal swab cultures carried
out in all patients admitted to high-risk units
(ICUs, transplantation and hematology) or for
any patients present in the same room occu-
pied by CRE-positive patients in other units;
grouping carriers, who have to be managed with
strict contact precautions; enhanced education,
cleaning and hand-washing programs; promo-
tion of an antibiotic stewardship program. The
authors reported that after the intervention, the
incidence rate of CRE BSI and CRE coloniza-
tion significantly declined over a period of 30
months.

Pseudomonas Aeruginosa

In the last decades, Pseudomonas aeruginosa
has become a significant cause of HAIs®, diffi-
cult to treat due to the limited antimicrobial sus-
ceptibility®. P. aeruginosa is one of the major
pathogens causing ventilator-associated pneu-
monia, burn wound infections and nosocomial
bacteremia, with an associated mortality rate

>30%"2. In the UK, Pseudomonas spp. causes
~4% of bacteremia representing the seventh
most frequent cause, with an incidence of 7.3 per
100,000 population®. Many studies highlighted
the importance of the healthcare environment as
a reservoir of Pseudomonas spp., particularly of
the hospital water systems that would represent
the major contributors to P. aeruginosa trans-
mission®**%, This pathogen is able to colonize
and proliferate in the hospital environment even
in relatively nutrient-poor conditions adapting to
a wide range of temperatures. The importance of
water systems in the Pseudomonas transmission
has been known for a long time. A 1996 study
showed that P. aeruginosa can be transmitted
from contaminated sinks to hands during hand
washing”. Moreover, some studies highlighted
that strains of Pseudomonas isolated from water
sources and adjacent surfaces are indistinguish-
able with those isolated from patient speci-
mens'**'" An important role in Pseudomonas
transmission is played by adherent biofilm that
bacteria form on the surfaces of sinks, sink
traps, pipes, water lines and hospital drains
and that represents a persistent reservoir of
this microorganism'®. Biofilm protects bacteria
from adverse environmental conditions and it
prolongs the bacterial survival'®®, Particularly, in
the context of biofilm, bacteria are more likely
to resist chlorine-containing and other types of
disinfectants and they demonstrate an increased
antimicrobial resistance!*'% P. aeruginosa is
an aerobic bacterium, and it thrives especially
in the distal parts of the water distribution sys-
tem, such as taps and sinks where the amount
of oxygen is higher than the other parts'. For
these reasons, rigorous and repeated cleaning
strategies are necessary to disrupt the biofilm
adherent in the internal walls of colonized water
systems even if a total eradication is hardly re-
alized'®. Recently, Costa et al'”” showed the im-
portance of hospital water in the transmission of
P. aeruginosa. They considered ten patients with
acquired nosocomial infection to P. aeruginosa
in an ear, nose and throat department. After en-
vironmental and clinical sampling, they found a
P. aeruginosa contamination in the water deriv-
ing from a drinking water fountain. Comparing
the isolates, they found that the clinical had in-
distinguishable random amplified polymorphic
DNA profiles from those environmental isolated
from three patients. The contaminated water
was used for the patients’ alimentation and was
the origin of the outbreak'"’.
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Gram-Positive Bacteria

Methicillin-resistant Staphylococcus aureus
(MRSA)

In 1997, Boyce et al'® published a study show-
ing the presence of MRSA in the near-patient
surfaces and the subsequent possibility for HCWs
to contaminate their hands and gloves touching
these surfaces. Afterward, several studies have
shown the diffusion of nosocomial MRSA!'*!0
and the importance of hospital cleaning to reduce
hospital surfaces MRSA-contamination and MR-
SA-outbreaks. A prospective controlled crossover
trial was conducted in 2009 into two acute-care
surgical wards. The results showed a higher rate
of MRSA acquisition when routine cleaning was
carried out, while there was a decreased of more
than half of cases during the period of enhanced
cleaning. This report showed that the cleaning
of at-risk sites, such as hand-touched surfaces, is
able to reduce the risk of MRSA infection'. In
2011, Datta et al''? highlighted the importance of
enhanced cleaning in the acquisition of MRSA
and VRE in rooms previously occupied by pa-
tients colonized by these pathogens. Acquisition
of MRSA decreased from 3% to 1.5% and from
3% to 2.2% for VRE, showing that enhanced
cleaning may reduce MRSA and VRE trans-
mission. Finally, two recent works focused their
attention on the efficacy of an enhanced cleaning
carried out by two innovative sanitation methods
in MRSA environmental contamination. The first
study used a pulsed xenon UV device within a
bundle comprising screening of patients, envi-
ronmental sampling, hand hygiene and laboratory
methods. This method reduced the rate of hospi-
tal-acquired MRSA acquisition by 56% after 6
months'”. The second study was more protract-
ed than the first and evaluated the efficacy of
hydrogen peroxide (HP) decontamination along
with patient screening for MRSA for a 6 years
period. The HP decontamination was compared
to the normal detergent cleaning in rooms previ-
ously occupied by MRSA carriers. MRSA was
isolated from 25% of rooms cleaned with normal
detergent and from 19% of rooms after use of
hydrogen peroxide. Moreover, over the 6 years
there was a reduction of the incidence of MR-
SA acquisition from 9 to 5.3/10,000 patient-days
passing from detergent to disinfectant respec-
tively'*. Watson et al'’® evaluated the impact of
implementing a hospital-wide environmental and
patient cleaning protocol on the rate of MRSA
infection and the cost-benefit of the intervention
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comprising an enhanced environmental cleaning
of high touch surfaces, daily washing of patients
with benzalkonium chloride and the isolation of
patients with active infection. The MRSA rates
decreased from 3.04 to 0.11/1,000 and the cost
saving was estimated at $1,655,143.

Vancomycin-Resistant Enterococci (VRE)

The problem of VRE is well known across the
world. Resistance to vancomycin in enterococci
was first recognized in 1986, about thirty years
after the introduction of this antibiotic''®. Since
then, there has been a progressive increase in
the prevalence of this resistance microorganism,
with the highest rates observed in the US. VREs
are about one-third of Enferococcus isolates,
causing 1,300 deaths each year'”. Moreover, it
has been demonstrated the prolonged survival
of these pathogens in the hospital environment?!
and their resistance to normal cleaning practices,
also using powerful disinfectants as a bleach-
based cleaning'®'?°. Many Authors'*'"* showed
that these pathogens remain on surfaces after an
inappropriate cleaning, e.g., after a short action
time of disinfectant or when surfaces are simply
cleaned but not deeply rubbed. This can be the
cause of the increased risk of VRE acquisition
for patients placed in a room previously occu-
pied by an individual colonized or infected with
VRE"'. However, Ford et al'*?> showed that a
previous VRE-colonized room occupant would
not increase risk because, using a VRE molecular
strain typing, isolates from 20 patients compared
with those isolated from prior occupants were
indistinguishable in only one pair. Some scholars
showed the efficacy of an enhanced cleaning on
the surface contamination and the patient acquisi-
tion of VRE, alone and in association with a hand
hygiene program and/or other conditions'?-1%,
Recent studies highlighted the importance of
hospital sanitation in VRE control. In 2012, two
different studies were carried out in Brazil and
Australia as a response to increasing numbers of
patients with VRE. In the first one, a set of activ-
ities including an enhanced cleaning, contact pre-
cautions and the introduction of an educational
program was realized. This action led to a signif-
icant reduction in the acquisition rate from 1.49
to 0.33'*. In the second study, an analog protocol
consisting of an enhanced surfaces cleaning and
a hand hygiene program was carried out. After
this control measures, the number of new patients
colonized with VRE decreased of 24.8% while
the environmental contamination decreased by



The role of the hospital environment in the HAIs

66.4%'?". Investigators focused their attention on
Enterococcus hirae nosocomial infection. This
microorganism is considered to cause 1-3% of
the Enterococcus spp. infections detected in clin-
ical practice and to have an emerging role of the
source of serious illness such as of endocardi-
tis, acute pancreatitis, pyelonephritis, and septic
ShOCkIZS-BO.

Clostridium Difficile

Clostridium difficile infection (CDI) is an
important cause of hospital-associated gastro-
intestinal disease in several health-care sys-
tem"!. Overall, 94% of CDI cases are related to
healthcare with 29,000 deaths and $4.8 billion
in excess healthcare costs'*>. Some researches
have shown that patients with undiagnosed
cases of CDI can come in healthcare facilities
or are transferred from another spreading the
microorganism especially via HCWs’ hands'®.
The incidence of CDI is higher in females,
whites and people >65 years old'*?. Healthcare
facilities represent one of the most import-
ant places of C. difficile spores’ transmission
with many large outbreaks in several hospital
settings'**1*%. It has been known for a long
time that the primary reservoirs of C. diffi-
cile in hospitals and healthcare facilities are
colonized or infected patients. Studies have
shown a 20% to 40% rate of colonization in
hospitalized adults compared with 2% to 3% in
healthy adults®’. The duration of hospital stay
is a critical risk factor for the acquisition of the
organism. Chalmers et al'** showed that the re-
duction of the length of stay in hospitals plays
an important role in the prevention of CDI.

The spores, deriving from inpatients stools,
easily contaminate the hospital environment
through the HCWs’ hands and medical equip-
ment and then they can be transferred to other
patients by ingestion'®. Airborne spread of C.
difficile has also been reported’. For these
reasons, frequent hand washing by healthcare
personnel, cleaning and disinfection of the pa-
tient’s environment have great importance in
preventing CDI transmission. However, the
spores are able to survive in the environment
for months and they resist the general clean-
ing and disinfection measures especially those
using alcohol-based products'*!. The organism
was found around toilets and on floor surfac-
es, bedding, furniture, telephones and medical
equipment**!¥ Additional evidence suggesting
an important role for the inanimate environment

may be found in the observation that there is a
greater risk of infection occurring in roommates
or in those who are admitted to a room previous-
ly occupied by a patient with C. difficile*.

The recommended products for environmen-
tal surfaces disinfection in rooms of patients
with CDI are hypochlorite-based disinfectants
because they are sporicidal at 1000 ppm. Several
works'#*!% reported that chlorine-based agents
are able to reduce environmental contamination
by C. difficile and consequently to decrease CDI
incidence. Moreover, due to the importance of
HCWSs’ hands contamination in the transmis-
sion of C. difficile spores, many studies have
been conducted to verify the efficacy of various
products. These reports'*®!*7 demonstrated that
hand washing with soap and water, or with an
antimicrobial soap and water, are more effective
at removing C. difficile spores than alcohol-based
hand hygiene products.

Conclusions

The role of the hospital environment in the
transmission of HAIs is still debated world-
wide. However, scientific evidence supports the
hypothesis that hospital can act as an import-
ant reservoir of many nosocomial pathogens in
several environments such as surfaces, medical
equipment and water system. Healthcare settings
are complex realities within which there are
many critical points. Microbial contamination
can result from the same inpatients, relatives
and healthcare workers. Moreover, the use often
inappropriate of antibiotic therapies causes the
selection of multi-drug resistant pathogens that
thrive and spread within the structure. Finally,
the sometimes-incorrect behavior of healthcare
workers can determine the cross-transmission
of pathogens by environment-patients and pa-
tient-to-patient routes. An adequate and routine
cleaning of the hospital environment, antimicro-
bial stewardship and educational campaign about
correct behaviors to adopt by healthcare workers
can represent possible solutions to this problem.
Innovative sanitation methods are in the work,
among which the use of probiotic bacteria in
preventing the environmental contamination of
hospital surfaces by pathogens!*®!%,
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