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Abstract
Purpose of Review The aim of this review is to highlight the role of environmental contamination in healthcare-associated
infections (HAIs) and to discuss the most commonly implicated nosocomial pathogens.
Recent Findings Recent studies suggest that environmental contamination plays a significant role in HAIs and in the unrecog-
nized transmission of nosocomial pathogens during outbreaks, as well as ongoing sporadic transmission. Several pathogens can
persist in the environment for extended periods and serve as vehicles of transmission and dissemination in the hospital setting.
Cross-transmission of these pathogens can occur via hands of healthcare workers, who become contaminated directly from
patient contact or indirectly by touching contaminated environmental surfaces. Less commonly, a patient could become colo-
nized by direct contact with a contaminated environmental surface.
Summary This review describes the role of environmental contamination in HAIs and provides context for reinforcing the
importance of hand hygiene and environmental decontamination for the prevention and control of HAIs.

Keywords Hospital environment . Environmental contamination . Healthcare-associated infections . Multi-drug resistant
organisms . Nosocomial pathogens

Introduction

Healthcare-associated infections (HAIs) are an important
cause of morbidity and mortality in hospitalized patients [1].
Multiple recent studies suggest that environmental contami-
nation plays an important role in the nosocomial transmission
of multi-drug-resistant organisms (MDROs), virus,
mycobacteria, and fungi [2–5]. Several nosocomial patho-
gens, including vancomycin-resistant enterococci (VRE),
methicillin-resistant Staphylococcus aureus (MRSA),
Acinetobacter baumannii, Clostridium difficile, and
Pseudomonas aeruginosa, have been shown to persist in the

environment for an extended period of time [2, 6–8]. The
persistence of these microorganisms in the environment can
serve as a source of transmission and dissemination in the
hospital environment [9].

This article will review the current epidemiology of com-
mon HAIs associated with environmental contamination. The
definition of the hospital environment and the role of the con-
taminated hospital environment, including surfaces, fomites,
air, and water, that can serve as potential reservoirs for com-
mon nosocomial pathogens associated with HAIs, will be
described.

Hospital Environment

Environment of care is comprised of three elements: the build-
ing or space that is used for providing patient care; equipment
used to support patient care or to safely operate the building or
space; and people, including staff, patients, and visitors [10].

Patient environment is defined as the immediate space
around a patient that may be touched by the patient and
healthcare worker (HCW) when providing care. In acute care,
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the patient environment is defined as the area inside the cur-
tain, including equipment, medical devices, furniture, tele-
phone, personal belongings, and the bathroom. In intensive
care units (ICUs), the patient environment is the room or
bed space and items and equipment inside the room or bed
space. In a multi-bedroom, this consists of the area inside the
individual’s curtain [11].

Patients shed microorganisms that can survive for
prolonged periods of time in the healthcare environment and
can be detected in the air, water, and on surfaces [11]. The
number and types of microorganisms present in the environ-
ment are influenced by the number of people in that environ-
ment, degree of activity, amount of moisture, presence of ma-
terial capable of supporting microbial growth, rate at which
organisms suspended in air are removed, and the type of sur-
face and its orientation (i.e., horizontal or vertical) [12]. Gram-
positive (GP) organisms generally persist in dry conditions on
dust and surfaces [7, 12]. On the other hand, gram-negative
(GN) organisms grow and persist in moist, soiled environ-
ments. Fungi thrive in moist, fibrous material but can survive
on dust [12].

Construction, renovation, repair, and remediation, such as
installing wiring for new information systems, removing old
sinks, and repairing elevator shafts, disrupt the environment
and expose susceptible patients to microorganisms that con-
taminate the air, water, and surfaces. Other means of introduc-
ing environmental pathogens to high-risk patient areas include
using aging equipment, deferred maintenance, and natural di-
sasters [12, 13].

Although microbiologically contaminated air, water, and
fomites can serve as vehicles of transmission, demonstrating
their contribution to infection and disease is difficult [3, 11,
12]. For an infection to ensue, there has to be a sufficient
quantity of a virulent pathogenic organism on surfaces in the
environment that is transmitted through the correct portal of
entry into a susceptible host [12]. The wider use of more
aggressive modalities of treatments, such as stem cell or solid
organ transplantation and new chemotherapeutic and immu-
nomodulatory agents, has increased the population of immu-
nocompromised patients at risk of acquiring opportunistic
HAIs resulting from environmental contamination with noso-
comial pathogens. [14].

Environmental Surfaces

Environmental surfaces are defined as surfaces that do not
come into direct contact with patients during care [12].
Environmental surfaces are divided into two parts: medical
equipment surfaces, such as knobs or handles on hemodialysis
machines, x-ray machines, and instrument carts; and house-
keeping surfaces such as floors, walls, and tabletops [12].

Housekeeping surfaces are further divided into those with
frequent hand contact or “high-touch” surfaces and those with

minimal hand contact or “low-touch” surfaces. High-touch
surfaces include doorknobs, bedrails, light switches, surfaces
in and around toilets in patient rooms, and edges of privacy
curtains. Low-touch surfaces include walls, ceilings, mirrors,
window sills, and flooring in patient-care area [4, 12]. Huslage
et al. quantitatively defined high-touch surfaces based on fre-
quency of HCW contact with surfaces in a patient’s immediate
environment as the bed rails, bed surface, supply cart, over-
bed table, and intravenous pumps [4]. High-touch surfaces in
close proximity to patients provide the biggest risk of HAI
transmission [4, 15, 16]. Similarly, critical and noncritical sur-
faces have also been used to describe high-and low-touch
environmental surfaces, respectively [2].

Environmental surfaces, objects, and medical devices, in-
cluding blood pressure cuffs, stethoscopes, electronic ther-
mometers, infusion pumps, and hemodialysis machines, can
serve as potential reservoirs for nosocomial pathogens that can
be transmitted by the hands of HCWs to patients in the ab-
sence of adequate hand hygiene [4, 12]. Cross-transmission
via the hands of HCWs, who either become contaminated
directly from patient contact or indirectly by touching contam-
inated environmental surfaces, has been implicated in 20 to
40% of HAIs [1, 13]. Less commonly, a patient may become
colonized by direct contact with a contaminated environmen-
tal surface [1, 17, 18]. Although floors are heavily contami-
nated with C. difficile and MDROs, including VRE and
MRSA, and come in contact with high-touch objects, they
are underappreciated sources of transmission of nosocomial
pathogens [19•, 20].

Doctors’ stethoscopes remain a likely source of contamina-
tion for various pathogens [2, 21], and evidence suggests that
bacteria can transfer from the skin to the stethoscope and vice
versa [21]. Although the majority of organisms are non-path-
ogenic, potential pathogens, such as MRSA, Pseudomonas,
VRE, andC. difficile, have also been isolated. However, a link
between contaminated stethoscopes and HAIs has not been
established to date [21]. Mobile communication devices can
also serve as reservoirs for nosocomial pathogens [22, 23];
however, their role in transmission is undefined. Not surpris-
ingly, Chen et al. demonstrated that medical charts, especially
in medical, surgical, and pediatric ICUs, are highly contami-
nated with bacteria and potential sources of infection [24].

Air-borne Contamination

Disturbance of soil, water, dust, or decaying material during
construction releases microorganisms into the air, which can
result in a variety of airborne infections in susceptible hosts if
not contained and removed [12, 13]. Exposure to airborne
pathogens can cause respiratory infections directly or indirect-
ly. Direct transmission involves exposure to aerosolized drop-
lets from oral or nasal secretions in infected individuals. These
infectious particles are generally > 5 μm in size and can travel
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up to 3 ft but tend to fall out of the air quickly. Pathogenic
microorganisms that can be spread via droplets are influenza
virus, rhinoviruses, adenoviruses, and respiratory syncytial
virus. Indirect transmission involves the spread of airborne
infections via droplet nuclei or residuals of droplets. When
suspended in air, droplets desiccate and produce droplet nuclei
or particles ranging from 1 to 5 μm in size that contain poten-
tially viable microorganisms, remain suspended in air indefi-
nitely, and are dispersed over long distances by air currents
[12]. Examples of pathogens that can be spread via droplet
nuclei include Mycobacterium tuberculosis, varicella-zoster
virus, measles virus, and smallpox virus. The spores of
Aspergillus spp., which resist desiccation, have a diameter of
2–3.5 μm, can remain airborne indefinitely, and travel long
distance [12].

Water-Based Contamination

Moist environments and aqueous solutions in healthcare set-
ting can potentially serve as reservoirs for water-based and
water-borne microorganisms [25]. Water-based pathogens,
otherwise known as opportunistic premise plumbing patho-
gens (OPPPs), naturally inhabit water and grow in water sys-
tems. Legionella spp., Pseudomonas, Acinetobacter,
Aspergillus spp., and nontuberculous mycobacteria (NTM)
are a few examples. On the other hand, water-borne patho-
gens, such as coliforms, are transmitted by water after fecal
contamination [25]. OPPPs are found in low numbers and are
associated with biofilms and free-living amoeba that protect
them from disinfecting biocides in the water system [12, 25].
Stojek et al. demonstrated that 79% of water samples collected
from six hospitals were contaminated with GN organisms
[26]. Municipal potable water supplied to the healthcare facil-
ity is distributed through an extensive network of plumbing to
fixtures, such as handwashing stations, ice machines, and
medical equipment. This complex distribution system along
with the stagnant water in the network can promote the devel-
opment of biofilm [3, 13, 27]. Moreover, construction or ren-
ovation and increased usage of the water utility systems can
release contaminants into the water delivery network by
disrupting the biofilm, leading to transmission of water-
based pathogens to susceptible hosts [3, 13, 25].
Furthermore, leakage or condensation of water from pipes
can collect on surfaces and cause dampness in building mate-
rials, which promote the growth of fungi and bacteria [25].

Patients may become exposed to these pathogens through
direct (hydrotherapy) and indirect contact (improperly
reprocessed medical devices), ingestion and aspiration of con-
taminated water, and inhalation of aerosols dispersed from
water sources [28]. The first four modes are commonly asso-
ciated with GN bacteria and NTM. Acinetobacter spp. can
proliferate in moist environment and are associated with mul-
tiple modes of transmission. Direct inhalation of aerosols

generated from showers and faucets may potentially expose
patients to Legionella and other GN bacteria such as
Pseudomonas [12]. Studies have implicated multiple organ-
isms, including Legionella, Pseudomonas, Aeromonas,
Burkholderia, Acinetobacter, extended-spectrum β-lactamase
( ESBL ) - p r o d u c i n g a nd c a r b a p e n em - r e s i s t a n t
Enterobacteriaeae, Aspergillus, and NTM with transmission
of HAIs via hospital water [28]. Moreover, flooding has re-
sulted in HAIs due to MDR GN organisms, coliforms,
Legionella, NTM, and environmental molds [29]. Recent
studies have implicated electronic faucets as reservoirs for
Legionella and Pseudomonas [30–32], decorative water wall
fountains for Legionella [33, 34], and heater-cooler units
(HCU) used in cardiac surgeries forMycobacterium chimaera
[35, 36••].

Hospital Environment Microorganisms
and Nosocomial Infections

Several nosocomial pathogens, including VRE, MRSA,
Acinetobacter, C. difficile, and Pseudomonas, have been
shown to persist in the environment for several hours, days,
or months [2, 7] and on HCW hands for hours [3] with endo-
spores typically lasting longer than vegetative bacteria [8].
These microorganisms characteristically survive for long pe-
riods after being shed into the environment and are difficult to
eradicate [5]. Various microbiologic studies have confirmed
that certain nosocomial pathogens can survive for extended
periods (Table 1). The hospital environment has been increas-
ingly linked to acquisition of organisms, especially C. difficile
and MDROs [3]. In a prospective microbiological survey,
40% of rooms were contaminated with MDROs [16].
Despite terminal cleaning, Hu et al. demonstrated that
biofilms containing MDROs are found on 52% of ICU sur-
faces, half of which were SA [44]. Additionally, other studies
have demonstrated the transfer of pathogens from surfaces to
the hands of HCWs in the absence of direct patient contact [5].
Strain type and conditions such as humidity, temperature, in-
oculum size, and surface type affect the duration of the per-
sistence [7, 45, 46].

Epidemiologic studies have also shown that patients admit-
ted to rooms previously occupied by individuals infected or
colonized with MRSA, VRE, C. di f f ic i le , MDR
Acinetobacter, and Pseudomonas are up to a three-fold higher
risk of acquiring these organisms from contaminated environ-
mental surfaces [1, 3, 4, 47]. As such, Nseir et al. showed that
patients admitted to an ICU room that was previously been
occupied by a patient with MDR Pseudomonas or
Acinetobacter have an independent risk factor for the acquisi-
tion of these bacteria. However, the same was not demonstrat-
ed for ESBL-producing GN bacteria [48]. In a recent meta-
analysis, Mitchell et al. reported a pooled odds ratio of 2.14
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(95% confidence interval [CI], 1.65–2.77) for organism acqui-
sition from prior room occupants [47].

In multiple nosocomial outbreaks, environmental contam-
ination has been potentially associated with the transmission
of the nosocomial pathogens [1, 5, 49–51]. It has been impli-
cated in 11.6% of outbreaks when a source was identified [3].
Furthermore, observational studies have suggested that a con-
taminated environment may play a significant role in the trans-
mission of unrecognized nosocomial pathogens during out-
breaks and ongoing sporadic transmission [2, 3].

Staphylococcus aureus

SA is only second to C. difficile in causing HAIs [52].
Staphylococci have the ability to resist desiccation and persist
up to 5 years on various surfaces in the environment and over
a wide range of temperatures (Table 1). People are the primary
reservoirs for SA, both methicillin-susceptible SA (MSSA)
and MRSA, and approximately a third of US population is
colonized, with nares bearing the highest burden [37].
Colonization increases risk of infection, and the majority SA
infections are endogenously acquired. A carrier sheds SAvar-
iably into the surrounding environment, which can serve as a
potential source of infection [37]. A higher nasal carriage

burden correlates with greater environmental contamination
[3]. Furthermore, a person who sheds excessively in the pres-
ence of an upper respiratory infection or exfoliative skin con-
ditions, that is associated with airborne dispersal of SA, is
referred to as “cloud adult” [37].

SA has been isolated from air and a variety of items, in-
cluding stethoscopes, floors, charts, computer keyboards,
door handles, tourniquets, pens, telephones, furniture, bed lin-
en, patients’ gowns, bedside table, and cellphones [22–24,
37]. Near-patient items had the highest degree of contamina-
tion [37]. Boyce et al. sampled environmental surfaces in
rooms of patients colonized or infected with MRSA.
Seventy-three percent of rooms of infected and 65% of rooms
of colonized patients were contaminated [53]. Aerial dissem-
ination of SA from contaminated bedding and clothing can
deposit on surfaces [54]. In addition to person-to-person trans-
mission, HCWs can acquire MRSA directly from patient con-
tact or indirectly from contaminated environmental surfaces
and transfer it to other patients. Direct patient contact with the
contaminated environment also poses a risk [53]. In one study,
42% ofHCWswho had no direct patient contact contaminated
their gloves by touching contaminated surfaces [53]. There is
also the risk of acquiring MRSA from a room previously
occupied by a patient with MRSA [2, 55]. SA has been

Table 1 Survival times of nosocomial pathogens on environmental surfaces

Organisms Types of environmental surfaces Survival time References

Staphylococcus aureus, including MRSA Dry inanimate surfaces 7 days to 5 years [5, 7, 8, 37, 38]

Cotton fabric, synthetic fibers, ceramic floor with the
presence of blood

60 to 72 days [39]

Ceramic floor, cotton fabric synthetic fibers, eggcrate
foam mattress (with/without biological fluids)

> 70 days [9]

Office paper 72 h to 7 days [40]

Staphylococcus aureus, vancomycin-intermediate Vinyl flooring and smooth surfaces > 45 days [41]

Enterococcus spp., including VRE Dry inanimate surfaces 5 days up to 5 years [5, 7, 8, 42, 43]

Ceramic floor, cotton fabric, synthetic fibers, eggcrate
foam mattress (with/without biological fluids)

21 days [9]

Office paper 72 h to > 7 days [40]

E. coli Dry inanimate surfaces 1.5 h to 16 months [7]

Office paper < 24 h [40]

Klebsiella spp. Dry inanimate surfaces 2 h to > 30 months [5, 7]

Ceramic floor, cotton fabric, synthetic fibers, eggcrate
foam mattress

< 14 days [9]

Serratia marcescens Dry inanimate surfaces 3 days to 2 months [7]

Pseudomonas aeruginosa Dry inanimate surfaces 6 h to 16 months [5, 7, 8]

Office paper 72 h to > 7 days [40]

Clostridium difficile Dry inanimate surfaces (spores) > 5 months [5, 7, 8]

Dry inanimate surfaces (vegetative form) 15 min [1]

Moist surfaces 6 h [1]

Acinetobacter spp. Dry inanimate surfaces 3 days to 11 months [5, 7, 8]

Candida spp. Dry inanimate surfaces 3 days to > 4 months [7]

Norovirus Dry inanimate surfaces 8 h to 2 weeks [5, 7, 38]
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commonly implicated in outbreaks. Gastmeier et al. analyzed
1022 nosocomial outbreaks, of which 14.8% were attributed
to SA [56]. Outbreaks of MRSA due to environmental con-
tamination have also been described [57].

Vancomycin-Resistant Enterococcus

VRE is one of the leading causes of nosocomial infections,
commonly affecting debilitated hosts who have received mul-
tiple courses of antibiotics [58]. VRE has been known to sur-
vive for years (Table 1) in the hospital environment and is
difficult to eradicate [2]. Enterococci have acquired the ability
to resist desiccation and starvation and survive under harsh
conditions, including exposure to solvents, detergents, antibi-
otics, and biocides [59]. Like SA, the principal reservoirs of
VRE are colonized patients [12]. Symptomatic patients have
higher rate of shedding compared to those who are colonized.
However, if a patient is colonized at three or more body sites,
environmental contamination can reach 70% in the occupied
room [6].

High-touch surfaces, bedrails, doorknobs, bed linens,
gowns, bedside tables, blood pressure cuffs, computer table,
bedside tables, and various medical equipment, are more fre-
quently contaminated [12]. In a recent microbiological study,
VRE was the most commonly isolated MDRO in contaminat-
ed rooms [16]. Person-to-person transmission and exposure to
contaminated HCW hands, contaminated surfaces, or equip-
ment such as contaminated thermometers [60, 61] and elec-
trocardiogram machines [62], and previously VRE contami-
nated room [63] are risk factors for VRE acquisition. Several
VRE outbreaks in ICUs and hematology-oncology units relat-
ed to environmental contamination have been reported [64,
65].

Clostridium difficile

C. difficile, a spore-forming anaerobe, is the most nosocomial
pathogen that is responsible for 12.1% of HAIs [52].
C. difficile is in its vegetative form in the colon and sporulates
in the environment under unfavorable conditions, which en-
ables the organism to persist in the environment [1, 12]. The
vegetative form survives for a short period; whereas, spores
are highly resistant to desiccation, heat, and disinfectants and
can survive for months (Table 1). Approximately 3% of
healthy adults and 20 to 30% of hospitalized adults are colo-
nized [1]. Colonized patients develop C. difficile infection
(CDI) with antibiotic exposure that leads to alteration in the
gut microbiome and proliferation of C. difficile. Although
antibiotic use is the most commonly recognized risk factor
for CDI, environmental contamination with spores is a known
risk factor for C. difficile acquisition [1]. Symptomatic pa-
tients can shed up to 1 × 107 C. difficile spores per gram of
feces [66], resulting in widespread environmental

contamination, ranging from 2.9 to 75% of surfaces [1]. Of
note, asymptomatic patients shed spores and may also serve as
a source for environmental contamination [1].

The environment of C. difficile patients has been shown
quantitatively to contain a significantly higher spore count
on the floor and the proximal environment compared with
the environment of C. difficile-negative patients and wards.
Furthermore, C. difficile has the capacity to disseminate to
different geographical locations in the hospital [67].C difficile
has been recovered from HCW hands, telephone keypads,
computers, doorknobs, pulse oximeter finger probes, medica-
tion carts, medication bar code scanners, mop pads, portable
bed commode, electronic rectal thermometers, and sinks [1,
68, 69]. Fecal-oral transmission occurs in one of three ways:
direct exposure to contaminated patient-care items and high-
touch surfaces, direct transfer via contaminated hands, and
indirect transfer through healthcare worker contact with the
contaminated environment [1]. The most likely mechanism
of exposure is via contaminated hands of HCWs [12].
During a CDI outbreak, environmental sampling of areas out-
side the C. difficile patient rooms, including physician work
areas, nursing stations,C. difficile-negative patient rooms, and
portable equipment, revealed 23% contamination rate [69].
Previously occupied rooms by C. difficile patients are a risk
for transmission to subsequent occupants who come into con-
tact with contaminated environmental surfaces. Airborne dis-
semination of C. difficile spores also contributes to its wide-
spread environmental contamination [54, 66].

Multi-Drug-Resistant Gram-Negative Organisms

Gram-negative organisms have increasingly become an im-
portant cause of HAIs through contamination of water sup-
plies and various surfaces.

Legionella spp. are gram-negative, intracellular organisms
found in aquatic environments. They are one of several OPPPs
detected at low levels in water distribution systems, including
in healthcare facilities, cooling towers, air conditioning units,
evaporative condensers, and distilled water [12]. Multiple fac-
tors contribute to its colonization and growth in the aqueous
environment: stagnation, scale and sediment, free-living
aquatic amoebas, including Acanthamoeba spp. and
Hartmannella spp., that Legionella grow and amplify in;
and a wide range of temperatures [12, 27]. Legionella thrives
at 35 °C but can multiple in 25 to 42 °C. As mentioned pre-
viously, the organisms are found within amoebas and biofilms
rather than in free-flowing water, making decontamination
difficult [3, 12, 25, 27].

Legionella accounts for the majority of water-based infec-
tions in North America [3]. According to a CDC surveillance
report, Legionella accounted for 66% of the 32 drinking
water-associated outbreaks in healthcare facilities in 2011 to
2012 [70]. Although there are several species, Legionella
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pneumophila accounts for more than 90% of the infections
[12]. Immunocompromised patients, the elderly, and smokers
are at increased risk [12, 27]. Transmission occurs when con-
taminated water from showers, faucets, decorative fountains,
cooling powers, humidifiers, and other water sources is aero-
solized and inhaled or less commonly, aspirated [3, 12, 27].
Person-to-person transmission typically does not occur [25].
Contaminated aerosols generated by cooling towers, decora-
tive fountains, showers, respiratory therapy equipment, hu-
midifiers, and faucets have contributed to several hospital out-
breaks [2, 12, 28]. Mechanisms to reduce water utilization
such as electronic or hands-free faucets, which may promote
favorable conditions for growth, have been shown to have
higher Legionella contamination rates than manual faucets
[25, 27]. Legionella outbreak resulting from contaminated
transesophageal echocardiography probes rinsed with unfil-
tered tap water has been reported [71]. Haupt et al. described
laboratory-confirmed cases of Legionnaires disease in eight
patients exposed to decorative fountain in the lobby of a hos-
pital [34].

Acinetobacter is a ubiquitous opportunistic GN pathogen
isolated from soil, water, animals, and humans and is a pre-
dominant cause of nosocomial infections and outbreaks in
susceptible hosts, particularly in the ICUs [72–75].
Acinetobacter’s propensity to cause outbreaks is facilitated
by antimicrobial resistance and its ability to resist desiccation
and survive for prolonged periods of time on multiple envi-
ronmental surfaces [1, 73, 76]. Strains proliferate in moist
environments and can survive for 5 to 11 months on dry sur-
faces and 60 min on fingertips (Table 1). Interestingly, up to
75% of hospitalized patients can become colonized with
Acinetobacter spp. [77].

During outbreaks, Acinetobacter has been isolated from
HCW hands, respiratory therapy equipment, food, tap water,
infusion pumps, mattresses, pillows, bed curtains and blan-
kets, bed rails, soap dispensers, bed, door handles, telephone
receivers, tabletops, sink traps, and floors [1, 73, 77].
Acinetobacter is transmitted via contaminated hands, contact
with contaminated surfaces or medical equipment, aspiration,
and inhalation [12]. Potential for airborne transmission has
been previously described [76, 78, 79]). Numerous
Acinetobacter outbreaks have been associated with the pres-
ence of an extensive environmental contamination [1, 46, 73,
77]. Additionally, outbreak strains have the potential to be-
come endemic within an institution [1]. A prospective cohort
study conducted at a 656-bed tertiary care center examined
environmental surfaces in ICU rooms of patients colonized
or infected with Acinetobacter to determine which were most
commonly contaminated. The study demonstrated that 48%
sampled rooms were contaminated, and the most commonly
contaminated surfaces were supply carts, floors, infusion
pumps, and ventilator touch pads. Patient and environmental
isolates were genetically similar in 85% of the cases [80].

Pseudomonas spp. are another important GN OPPPs asso-
ciated with HAIs in ICUs and immunocompromised hosts,
especially transplant, neutropenic, burn, and cystic fibrosis
patients. Attributable morbidity and mortality is high in these
populations due to intrinsic antimicrobial resistance [81]. Due
to its inherent resistance to several disinfectants and ability to
form biofilm and kill free-living amoeba that graze on envi-
ronmental bacteria [81], Pseudomonas can survive up to
16 months (Table 1). The biofilm adheres to surfaces on sinks,
sink traps, pipes, water lines, and hospital drains [2] and is
able to withstand disinfection [81]. It has been found in tap
and distilled water, respiratory therapy equipment, chlorhexi-
dine, ultrasound gel, sinks, hydrotherapy pools, dialysis ma-
chines, eyewash stations, mouth swabs, and endoscopes [12,
82–84].

Transmission occurs through direct contact, aspiration and
inhalation of water and water aerosols, and indirect transfer
from moist environmental surfaces via contaminated hands
[12]. Several Pseudomonas outbreaks associated with envi-
ronmental contamination have been reported in medical and
neonatal ICUs, and transplant and hematology-oncology units
[85–88]. Knoester et al. described a prolonged outbreak of
MDR Pseudomonas in an ICU attributed potentially to con-
taminated faucet aerators with indirect transfer to patients via
contaminated HCW hands [89]. In a recent Pseudomonas out-
break in a neonatal ICU, unfiltered tap water was implicated
as the source [90]. Also, damaged TEE probes used in cardiac
surgeries have reportedly caused MDR Pseudomonas out-
break [84].

Enterobacterecieae, including those that are carbapenem-
resistant and ESBL-producers, are water-borne pathogens
transmitted by fecally contaminated water or food [25]. It
was widely believed that this group survives poorly on envi-
ronmental surfaces compared to other nosocomial pathogens
[1, 2]; however, studies have shown that E. coli andKlebsiella
spp. may survive desiccation for more than a year and Serratia
marcescens for several months (Table 1). Environmental
sources and asymptomatic carriers are responsible for the ma-
jority of outbreaks [3]. Hospital sinks are common reservoirs
for MDROs [28] and have been implicated in multiple out-
breaks [28, 91, 92].

Nontuberculous Mycobacteria

NTM or atypical mycobacteria are ubiquitous saprophytic and
opportunistic pathogens that inhabit potable water. The ability
of NTM to form biofilm on the interior surfaces of water pipes
enables it to withstand chemical inactivation and provides a
suitable environment for growth and proliferation [12]. NTM
are highly resistant to chlorine, up to 100 times more resistant
compared with coliforms, and can survive at varying temper-
atures [12]. M. xenopi can survive at 45 °C, whereas
M. kansasii, M. gordonae, M. fortuitum, and M. chelonae
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prefer colder environments and cannot endure such high tem-
peratures [12].

These organisms are known to cause outbreaks and
pseudo-outbreaks in the healthcare setting [3, 28]. Exposure
and colonization occur through inhalation or aspiration, inges-
tion, or direct inoculation; and disease ensues in susceptible
patients [12]. It is typically not transmitted person-to-person.
Pseudo-outbreaks can occur when contaminated water or sup-
plies are used during medical procedures or in the laboratory
[3, 12]. Outbreaks have been associated with contaminated
waters in hot tubs, showers, dialysis machines, fountains, ice
and ice machines, and hospital water supplies and disinfectant
trays [3, 12, 28]. Cardiac and cosmetic surgeries, including
liposuction and breast augmentation, are the most common
surgeries associated with NTM infections. Mesotherapy and
tattooing have also contributed to outbreaks [3, 12].

Rapidly growing NTM such as M. fortuitum and M.
chelonae were almost exclusively responsible for the previ-
ously reported cardiac surgeries [36••]. However, the recent
outbreaks in cardiac surgeries due contaminated HCU resulted
from aerosolization of M. chimaera, a slow-growing NTM
belonging to Mycobacterium-avium complex [35, 36••].
M. chimaera, an emerging pathogen causing prosthetic valve
endocarditis (PVE), septicemia, and vascular graft infection
with dissemination in cardiac patients, was first reported in
2013 in two patients who underwent prosthetic valve replace-
ment in 2008 and 2010 at the Zurich Heart Center and subse-
quently developed PVE and septicemia, respectively, in 2011.
A follow-up epidemiologic investigation revealed four addi-
tional cases who had undergone open cardiac surgeries in-
volving implants between 2008 and 2012 [36••]. Common
symptoms included fever, shortness of breath, fatigue, and
weight loss with a median incubation period of 18 months
[35]. Multiple environmental cultures, including water from
HCU tanks and air sampling, were positive. The outbreak was
traced to airborne transmission of contaminated water tanks in
HCUs used with extracorporeal circulation during surgery.
Shortly thereafter, multiple other cases were reported across
Europe and internationally [35, 36].

Fungal Organisms

Invasive fungal infections have become an increasingly im-
portant cause of HAIs, causing significant morbidity and mor-
tality in hospitalized and immunocompromised patients [14].
Candida spp. and Aspergillus spp. are the most prevalent
sources of nosocomial fungal infections [14].

Candida spp. are the most common fungal pathogens caus-
ing HAIs, particularly in critically ill and immunocompro-
mised patients. Candida’s ability to form biofilm is important
in its pathogenicity and persistence on surfaces [14].
C. albicans and C. grabrata can persist up to 4 and 5 months
on surfaces, respectively (Table 1). Characteristics of specific

Candida spp. may influence the risk for exogenous transmis-
sion and nosocomial infections in certain patient populations
[14, 93]. The most common pathogens, C. albicans,
C. glabrata, C. tropicalis, C. parapsilosis, and C. krusei, ac-
count for > 90% of invasive disease [94]. Candida spp. have
been isolated from the floor, countertops, and other inanimate
surfaces in the hospital [14] and recovered from hands of
HCWs [93]. Although most candidal infections are endoge-
nous in origin, the source of infection may be acquired from
the environment via the hands of HCWs, especially in criti-
cally ill patients [14, 93]. Intravascular catheters have been
responsible for most nosocomial outbreaks of Candida spp.
[14], but contaminated infusates and biomedical devices have
also been implicated in the transmission of Candida [93].
Person-to-person transmission has also been reported from
geriatric short-stay units [95].

First described in Japan after isolation from an ear canal in
2009 [96], C. auris has since caused multiple nosocomial
outbreaks worldwide [97–99, 100••]. It is phylogenetically
related to the C. haemulonii complex and difficult to identify
in the lab. Similar to other Candida species, C. auris is a
nosocomial pathogen effecting vulnerable hosts with serious
underlying conditions. It is highly multidrug-resistant, partic-
ularly to the azoles, and is associated with high mortality [97,
99, 100••]. Environmental sampling from various surfaces,
including mattress, bedside table, bed rail, chair, floor, equip-
ment monitors and key pads, windowsills and air, were posi-
tive for C. auris [99, 100••] up to 3 months after initial infec-
tion [100••]. Horizontal transmission among susceptible pa-
tients was described [97, 99]. Contaminated surfaces have
been implicated as a potential source of dissemination [99].
Schelenz et al. described an ongoing C. auris outbreak among
50 patients over a 16-month period that was attributed to low
level environmental contamination [99].

Aspergillus spp. are ubiquitous opportunistic molds found
widely in the environment and exposure to airborne spores
occurs frequently, especially near decaying organic matter.
The spores of Aspergillus spp. resist drying, are only a couple
microns in size, and can remain airborne indefinitely [12].
Exposure to airborne fungal pathogens such as Aspergillus
spp. within the hospital environment, especially during con-
struction, renovation, demolition or excavation, has caused
nosocomial outbreaks, especially in units with high-risk pa-
tients [101]. Although the most common source of nosocomi-
al Aspergillus infection is contaminated air, it has also been
recovered from the hospital water supply and plumbing sys-
tems [28, 102]. The role of the contaminated water with
Aspergillus as the source of HAIs is still unclear [101]. The
highest airborne Aspergillus spore counts were detected in
patient’s bathrooms, suggesting possible aerosolization of
Aspergillus spores from the shower facilities [102]. Vehicles
of transmission include improperly functioning ventilation
systems, poorly maintained air filters, damp wood building
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material, construction within and around the hospital, water
leaks, food, and ornamental plants [12]. Contaminated dress-
ings used for wounds and to secure arm boards have resulted
in cutaneous aspergillosis [103, 104]. Aspergillus outbreaks
have been also attributed to natural disasters such as flooding
[29].

Norovirus

Noroviruses are a group of non-enveloped, single-stranded
icosahedral RNA viruses that belong to the family
Caliciviridae and are the most common cause of viral gastro-
enteritis in humans [1]. The capsid structure enables it to with-
stand a wide range of temperatures and chemical disinfection,
prolonging its survival [1, 105]. Norovirus can survive up to a
week on environmental surfaces, 10 days in various foods and
a couple months in water (Table 1). Several microbiologic and
epidemiologic features contribute to its ability to cause out-
breaks in various settings, including hospitals and nursing
homes [1, 2]. Norovirus requires a very low inoculating dose,
is highly infective with a high attack rate, has prolonged shed-
ding, is stable in the environment, and has numerous modes of
transmission [1].

Norovirus has been isolated from high-touch surfaces such
as toilet taps, door handles, hospital equipment, elevator, and
microwave buttons, switches, and telephones [15]. Studies
have demonstrated the transfer of norovirus from contaminat-
ed fingers to various surfaces, in particular toilet tops, door
handles, and telephone receivers [1]. Norovirus can be trans-
mitted directly from contact with an infected person via fecal-
oral route, indirectly through contact with contaminated sur-
faces or objects, and by consumption of fecally contaminated
food or water [1]. Aerosolized vomit contaminating surfaces
or being swallowed after entering the oral mucosa has also
been implicated in transmission [1]. Healthcare-associated
norovirus outbreaks have recently become more common
[105], and widespread environmental contamination, includ-
ing areas outside of the infected patient’s room, contribute to
its propagation [1]. Sudden and widespread outbreaks are
common and infect unsuspecting patients and HCWs [15,
105]. More than a fourth of the norovirus outbreaks occur in
hospitals and long-term care facilities based on reported stud-
ies [1]. Wu et al. described a prolonged norovirus outbreak in
long-term care facility among at least half of the patients and
HCWs as a result of extensive environmental contamination
[105].

Conclusion

Over the past couple decades, there has been increasing evi-
dence linking environmental contamination to the acquisition
of nosocomial pathogens and HAIs, potentially leading to

outbreaks and ongoing sporadic transmission. Several patho-
gens can persist in the environment for prolonged periods.
Environmental surfaces and objects may serve as reservoirs
for these nosocomial pathogens that can be transmitted by the
hands of HCWs to patients, as a result of inadequate hand
hygiene. However, reinforcing appropriate hand hygiene and
strengthening cleaning/disinfection protocols can interrupt
this transmission and, therefore, are essentials for the preven-
tion and control of HAIs.
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