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Abstract
Healthcare-associated infections due to multidrug-resistant Gram-negative bacteria (MDR-GNB) are a leading cause of morbidity and
mortality worldwide. These evidence-based guidelines have been produced after a systematic review of published studies on infection
prevention and control interventions aimed at reducing the transmission of MDR-GNB. The recommendations are stratified by type of
infection prevention and control intervention and species of MDR-GNB and are presented in the form of ‘basic’ practices, recommended
for all acute care facilities, and ‘additional special approaches’ to be considered when there is still clinical and/or epidemiological and/or
molecular evidence of ongoing transmission, despite the application of the basic measures. The level of evidence for and strength of each
recommendation, were defined according to the GRADE approach.
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Introduction
Healthcare-associated infections (HAIs) are a leading cause of
morbidity and mortality worldwide. Therapy is becoming ever
more difficult because of the increasing rate of antimicrobial
resistance among common HAI pathogens. Over the last
decade,
multidrug-resistant
Gram-negative
bacteria
(MDR-GNB),
including
MDR-Pseudomonas
aeruginosa,
MDR-Acinetobacter baumannii and Enterobacteriaceae producing extended-spectrum b-lactamases (ESBL) and carbapenemases, have been implicated in severe HAIs and their
occurrence has increased steadily.
In 2011, the European Antimicrobial Resistance Surveillance
System network (EARS-Net), including 29 European countries,
reported a general European-wide increase of antimicrobial
resistance in the Gram-negative pathogens under surveillance
(Escherichia coli, Klebsiella pneumoniae and P. aeruginosa; available from: http://www.ecdc.europa.eu/en/publications/Publications/Forms/ECDC_DispForm.aspx?ID=998). The proportion
of reported E. coli isolates resistant to third-generation
cephalosporins (most of which were ESBL-producers) ranged
from 3% to 36% and had increased significantly over the last
4 years in more than half of EARS-Net reporting countries.
High proportions of antimicrobial-resistant P. aeruginosa have
been reported by many countries, especially in southern and
eastern Europe, with 15.3% of isolates resistant to at least
three antimicrobial classes and 4.6% resistant to all five
antimicrobial classes under surveillance. Trends of carbapenem
resistance showed a significant increase between 2008 and
2011 for five countries (Austria, Cyprus, Denmark, Greece
and France). In 2011, 22.3% of all K. pneumoniae invasive
isolates were resistant to at least three antimicrobial classes.
Remarkably, a significant increase in resistance to carbapenems in K. pneumoniae from 8% to 15% was reported over
the period 2005–2010 (available from: http://www.ecdc.euro
pa.eu/en/publications/Publications/Forms/ECDC_DispForm.as
px?ID=580).
In the USA, data reported to the Centers for Disease
Control and Prevention (CDC) National Nosocomial Infection Surveillance System and the National Healthcare Safety
Network reflect an increase over the past decade in rates of
infections caused by some MDR-GNB, defined as resistance
to one or more tested antimicrobials in three or more
antimicrobial classes [1]. Among Gram-negative organisms
associated with central line-associated bloodstream infections, catheter-associated urinary tract infections, ventilator-associated pneumonia and surgical site infections that
were reported to the National Healthcare Safety Network
during 2009–2010, approximately 15% of K. pneumoniae or
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Klebsiella oxytoca, 2% of E. coli, and 65% of A. baumannii
isolates met MDR-GNB criteria. Moreover, nearly one-fifth
of hospitals reporting central line-associated bloodstream
infections or catheter-associated urinary tract infections due
to Klebsiella species noted the occurrence of carbapenem-resistant Klebsiella isolates, reflecting the penetration of
MDR-GNB into the microbiological milieu of many US
hospitals [1]. As in many other countries, the emergence of
carbapenemase-producing Enterobacteriaceae, and in particular K. pneumoniae isolates containing the blakpc gene, has
become a major healthcare epidemiology issue, with the
ST258 multilocus sequence type strain accounting for
approximately 70% of K. pneumoniae carbapenemase-producing isolates sent to the CDC [2]. Of even greater concern is
the rapid spread, both in the USA and in Europe, of
Enterobacteriaceae harbouring the New Delhi metallo-b-lactamase and the K. pneumoniae carbapenemase in hospitalized
patients [3].
The infection prevention and control (IPC) measures that
have been applied in hospitals for MDR-GNB vary widely, both
within and between different countries [4]. A harmonized
approach, deriving from the application of evidence-based core
strategies and comprising specific strategies that related to
local characteristics and context, should result in a more
comparable situation. However, there is no consensus as to
the most effective IPC interventions or the best combination
of interventions to reduce transmission of MDR-GNB in
hospitalized patients. In particular, there is no consensus on
species or types that are more likely to require control
measures, or on the role of screening to identify carriers.
Previous guidelines have either not addressed, or have
provided only limited consideration to IPC implications of
MDR-GNB. The Health Care Infection Control Practices
Advisory Committee (HICPAC)/CDC guidelines, published in
2006, provided only generic guidance for control of all
MDR-organisms [5]. Guidance documents for control of HAIs
due to carbapenem-resistant Enterobacteriaceae (CRE) were
published in 2009 [6] and in 2012 by the CDC (available from:
http://www.cdc.gov/hai/organisms/cre/cre-toolkit/index.html)
and in 2011 by the European Centre for Disease Prevention
and Control (ECDC) (available at http://ecdc.europa.eu/en/
publications/Publications/110913_Risk_assessment_resistant_
CPE.pdf). Although these publications focus on controlling
the spread of MDR-GNB strains, they do not provide an
analysis of the strength of recommendations or grade of
evidence.
We performed a systematic review of the articles published
on this topic to determine the effects of different IPC
interventions aimed at minimizing the spread of MDR-GNB
and to define the indications for application of IPC measures

ª2013 The Authors
Clinical Microbiology and Infection ª2013 European Society of Clinical Microbiology and Infectious Diseases, CMI, 20 (Suppl. 1), 1–55

CMI

Tacconelli et al.

for specific types of resistant strains in adult hospitalized
patients. Our guidelines have been drawn up so as to be useful
for a wide range of healthcare professionals, namely specialist
physicians and other healthcare workers (infectious diseases,
microbiology, surgery, intensive care), public health officers,
infection control professionals, administrative personnel in
hospitals, and epidemiologists.

Methods
Articles presenting data pertaining to the control of
the spread, in hospitalized patients, of MDR-P. aeruginosa,
A. baumannii and Enterobacteriaceae and organisms intrinsically resistant to broad-spectrum antimicrobial agents, such as
Stenotrophomonas maltophilia and Burkholderia cepacia, were
identified through computerized literature searches using
MEDLINE (National Library of Medicine Bethesda, MD),
EMBASE and the Cochrane database and by reviewing the
references of retrieved articles. For the development of the
background section we also reviewed articles describing the
epidemiology of target bacteria. MDR organisms were defined
according to the ECDC/CDC definition [7] as those
micro-organisms that were resistant to at least one agent in
three or more antimicrobial categories. Index search terms
included: ‘Pseudomonas’ or ‘Citrobacter’ or ‘Enterobacter’ or
‘Escherichia’ or ‘Klebsiella’ or ‘Morganella’ or ‘Proteus’ or
‘Providencia’ or ‘Serratia’ or ‘Acinetobacter’ or ‘Enterobacteriaceae’ or ‘Stenotrophomonas maltophilia’ or ‘Burkholderia cepacia’
and ‘drug resistance’ or ‘antibiotic resistance’ and ‘cross
infection’ or ‘infection control’ or ‘infection prevention’ or
‘patient isolation’ or ‘cohorting’ or ‘gloves’ or ‘protective
clothing’ or ‘handwashing’ or ‘hand hygiene’ or ‘sanitizer’ or
‘cleanser’ or ‘disinfectant’ or ‘pre-emptive isolation’ or ‘antisepsis’ or ‘disinfection’ or ‘sterilization’ or ‘environmental
cleaning’ or ‘screening culture’ or ‘disease outbreaks’ or
‘antibiotic restriction or cycling’. The search was restricted to
full articles published in English up to November 2011 and
including adult patients (>16 years of age). Articles reporting
intervention(s) on paediatric population were excluded. No
attempt was made to obtain information on unpublished
studies. As data from randomized clinical trials were expected
to be limited, we also reviewed non-randomized controlled
clinical trials, interrupted time-series, and before-and-after
studies that compared wards or hospitals applying two
different intervention policies to control the spread of
MDR-GNB. We also reviewed outbreak investigations and
cohort studies. Single case reports were excluded. Papers
were reviewed according to the epidemiological setting
(outbreak versus endemic, see Table 1). The term ‘outbreak’
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TABLE 1. Definitions of epidemiological setting
Endemic

Settings where there are constant
challenges from admissions of patients
colonized or infected with MDR-GNB
Epidemic
Settings where there is an unusual or
(outbreak)
unexpected increase of cases of infections
due to MDR-GNB already isolated in the
hospital or an emergence of cases of
infection due to a new MDR-GNB, with
or without molecular analysis of strains
MDR-GNB, multidrug-resistant Gram-negative bacteria.

TABLE 2. Quality of evidence and strength or recommendations according to the GRADE approach (available from: http://www.gradeworkinggroup.org)
Quality of evidence
High
We are very confident that the true effect
lies close to that of the estimate of the
effect
Moderate
We are moderately confident in the effect
estimate: the true effect is likely to be close
to the estimate of the effect, but there is a
possibility that it is substantially different
Low
Our confidence in the effect estimate is
limited: the true effect may be substantially
different from the estimate of the effect
Very low
We have very little confidence in the effect
estimate: the true effect is likely to be
substantially different from the estimate of
effect
Strength of recommendations
Strong
Large differences between the desirable and
undesirable consequences.
High confidence in the magnitude of
estimates of effect of the interventions on
important outcomes
Conditional Small net benefit and low certainty for that
benefit.
Great variability in values and preferences, or
uncertainty in values and preferences.
High cost of an intervention

was defined as an unusual or unexpected increase of cases of
infections due to MDR-GNB already isolated in the hospital or
the emergence of cases of infection due to a new MDR-GNB,
with or without molecular analysis of strains. ‘Endemic’ was
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TABLE 3. Factors increasing or decreasing the level of studies’ quality according to the GRADE approach
(available from: http://www.gradeworkinggroup.org)
Study design

Initial quality of
a body evidence

Decrease
quality

Randomized trials

High

Observational studies

Low

Risk of bias
Inconsistency
Indirectness
Imprecision
Publication bias

Increase quality

Large effect (RRR 50% or RR 2)
Very large effect (RRR 80% or RR 5)
Dose response
All plausible residual confounding may be working
to reduce the demonstrated effect or increase the
effect if no effect was observed

RRR, relative risk reduction; RR, relative risk.

applied to settings where there were constant challenges from
admissions of patients colonized or infected with MDR-GNB,
but with no major changes over time recognized as distinct
acquisition from a common source. The various types of IPC
interventions used to prevent and control the spread of
MDR-GNB were grouped into five main categories: hand
hygiene measures (HH); active screening cultures (ASC);
contact precautions (CP); environmental cleaning (EC); and
antimicrobial stewardship (ABS).
The quality of studies was classified as high, moderate, low
or very low, whereas the strength of recommendations was
classified as strong or conditional according to the GRADE
methodology (available from: http://www.gradeworkinggroup.
org). Tables 2 and 3 describe in detail the GRADE approach,
grades of evidence and determinants of quality. In case of
disagreement among members, the quality of the paper
reporting outbreaks was further defined through the ORION
checklist for outbreak reporting [8]. For the cumulative
evidence the authors agreed that an overall ‘moderate’
classification required at least one intervention of ‘moderate’
quality and that the sum of ‘moderate’ research study(ies) plus
‘low’ research study(ies) needed to be ≥50% of the available
evidence. For the development of guidelines, the Standard and
Practice Guidelines Committee recommendations were followed (available from: http://www.idsociety.org/Guideline_
Resources/).
The major limitation of grading the evidence for IPC
measures and MDR-GNB was related to the fact that almost
all measures were included in different combinations in
multifaceted approaches. When multiple interventions were
introduced in different moments the authors analysed the
single intervention according to the related magnitude of the
effect. In case of multiple interventions introduced at the same
moment, the evidence and strength of recommendations were
derived from the cumulative evaluation of the efficacy of the
whole bundle where the specific IPC measure was included.

Mechanisms of Transmission
A review of the literature on mechanisms of transmission of
MDR-GNB was problematic for three main reasons: (i) the
low number of studies; (ii) the low availability of high-quality
studies; and (iii) the high heterogeneity of definitions, settings
and pathogens. Patient-to-patient transmission was frequently
thought to be the most important route of transmission
whenever several patients shared clonally related isolates. This
is based on the hypothesis that colonized or infected patients
are the only reservoir for the microorganism. However,
intermediate vectors for spread between patients, including
contaminated hands of healthcare workers (HCWs), environment, and visitors should also be taken into consideration for
the prevention and control of healthcare-associated
MDR-GNB transmission.
Extra-intestinal pathogenic Escherichia coli

Although an important cause of HAIs, E. coli is mainly a
community pathogen. As the constant influx of community
isolates colonizing patients at hospital admission is highly
significant in the epidemiology of these organisms within
hospitals, understanding the complex epidemiological behaviour of E. coli in the community is key to adequate interpretation of studies addressing the epidemiology of E. coli in
hospitalized patients. This microorganism belongs to the
normal bowel flora in humans, other mammals and birds.
Strains have traditionally been classified as commensal
(because they less frequently cause disease and mainly belong
to phylogenetic group A and B1), intestinal pathogenic (mainly
obligate pathogens) and extra-intestinal pathogenic (most
often of phylogenetic groups B2 and D). The latter are the
predominant strains in 20% of individuals and harbour the
typical virulence factors causing extra-intestinal infections
when reaching the appropriate site from the bowel, which
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serves as their primary reservoir [9]. Transmission of
extra-intestinal pathogenic E. coli in the community is thought
to occur by person-to-person transmission, either through
direct contact or by means of a faecal–oral route through or
by contaminated food and/or water [10]. Several clonal
groups of antibiotic-resistant extra-intestinal pathogenic
E. coli, specifically, O15:H1-D-ST393, CGA-D-ST69, and
O25b:H4-B2-ST131 are extensively distributed and mainly
associated with community outbreaks of urinary tract infections [10–15]. It is probable that the spread of these clonal
groups within the hospitals had occurred much earlier, but
went unnoticed in the absence of an epidemiological marker,
such as antibiotic resistance. Food was suspected as the main
source for O15:H1-D-ST393 and CGA-D-ST69 [10] but the
main sources and mechanisms of transmission for O25b:
H4-B2-ST131 are not yet clear.
The epidemiology of E. coli within healthcare facilities has not
been extensively studied. Researchers have mainly focused on
MDR isolates. However, the reservoirs and mechanisms of
transmission have rarely been investigated. The results of
molecular typing need to be interpreted with caution. The
finding of clonally related strains does not necessarily mean that
there was transmission within the healthcare institution, but
rather may reflect the influx of a successful clone or clones from
the community [16–19]. Community isolates belonging to such
clonal groups have shown a high degree of similarity in pulsed
field gel electrophoresis dendrograms, even when isolated from
patients from different areas [15]. Hence, findings from
molecular typing of nosocomial isolates must be combined
with knowledge of community-circulating clones and the clinical
epidemiology (e.g. date of admission and when the first screen
was positive) for meaningful interpretation. Such data may, of
course, also provide evidence of a constant influx of clonally
diverse strains from the community. Without such detailed
epidemiological information, one might otherwise mistakenly
consider such a situation to comprise a nosocomial outbreak.
Finally, contaminated food products are known to be frequent
vehicles for E. coli strains [20]. However, the significance of
alimentary transmission of antibiotic-resistant E. coli within
hospitals has been poorly studied in developed countries.
In the 1960s and 1980s some nosocomial outbreaks of
pyelonephritis were indirectly associated with transmission
from HCWs [21–23]. In 2001, Paterson et al. [24] reported a
clonal outbreak caused by ESBL-producing E. coli in a liver
transplantation unit causing bacteraemia in two patients, with
seven others only colonized. The epidemic strain was not
found either in the environment or on the hands of staff. CP
and intestinal decolonization of patients with norfloxacin,
active against the outbreak strain, was instituted and the
outbreak was eradicated.
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A few studies have tried to identify environmental reservoirs, despite the fact that in some instances patients
harbouring the clonally related isolates did not have overlapping stays in the unit. In a study performed in Brazil, E. coli was
found on the hands of only one out of 100 HCWs, whereas
other organisms were found much more frequently [25]. In a
study on Intensive Care Unit (ICU) patients, Harris et al. [26]
found 23 patients out of a total of more than 1800 admissions
to have acquired colonization with ESBL-producing E. coli
during their ICU stay. In only three of these 23 patients the
isolates were identical by pulsed field gel electrophoresis to
those found in 74 other patients colonized upon admission
screening, suggesting that patient-to-patient transmission was
not an important cause of acquisition of ESBL-producing E. coli
in this ICU in a non-outbreak setting. Once again, environmental or food sources were not investigated.
Recently, three studies have investigated the transmission
dynamics of ESBL-producing E. coli. Adler et al. [27] focused
their study in two geriatric rehabilitation wards in Israel. They
found that 32 out of the 59 ‘new acquisitions’ (54%) were
traced to another patient and this was particularly frequent for
two specific clones (ST131 producing CTX-M-27 and ST372
producing SHV-5). Interestingly, the situation differed in a
Swiss tertiary hospital, where ESBL-producing E. coli was
acquired only by 1.5% of hospital patients in contact with
colonized/infected patients [28]. In addition, in another study
the transmission of ESBL-producing E. coli was shown to be
more frequent in households than in the hospital setting [29].
These results suggest that person-to-person transmissions of
some ESBL-producing E. coli occur, but are not common in
most hospital settings.
Klebsiella species

There have been several recent studies of the epidemiology of
K. pneumoniae as a nosocomial pathogen. This organism shows
a clear trend to spread clonally within healthcare institutions
and exhibits a particular ability to cause nosocomial outbreaks
[30,31]. This may be a feature of some specific successful
clones and antibiotic resistance may provide an additional
advantage in healthcare settings to such clones. Cross-transmission via HCWs’ hands seems to be important in the
nosocomial spread of K. pneumoniae strains [31]. Indeed there
is extensive evidence for transmission via the hands of HCWs
from colonized patients or environmental reservoirs to new
patients, in both epidemic and endemic situations [32–47].
However, in a recent study, an outbreak caused by contaminated food was described, indicating that transmission may
also occur via the food chain [48]. Additionally, transmission
from contaminated sinks has been recently shown for
ESBL-producing K. oxytoca [49].
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Other Enterobacteriaceae

Enterobacter spp. and Serratia spp. (particularly Enterobacter
cloacae and Serratia marcescens) are important nosocomial
pathogens and outbreaks caused by these organisms have been
documented. Cross-transmission via transient contamination
of HCWs’ hands has also been well documented in epidemic
and endemic situations [50–65] and outbreaks of bacteraemia
involving both species have also been linked to contaminated
medical products [51]. Contamination both of dry surfaces and
moist environments was particularly frequent when looked
for, suggesting that environmental contamination played a
central role in many outbreaks.
Nosocomial outbreaks caused by Salmonella spp. have also
been described. Although most of these were probably
food-borne-related, cross-transmission through the hands of
HCWs was also suspected to have occurred [66–69].
Non-fermentative GNB

Pseudomonas aeruginosa is commonly associated with moist
environmental sources. Colonized patients may serve as
reservoirs for epidemic strains. However, the epidemiology
of this organism is complex, as sporadic and epidemic strains
usually coexist, so that outbreaks may be difficult or impossible
to trace unless molecular methods are used [70,71]. The
source and mechanism of transmission of different strains may
vary. HCWs’ hands can be contaminated from patient or
environmental sources [25,41,71–75]. Hence, patients may
acquire the organism from the environment, e.g. when using
contaminated sinks, showers or respiratory equipment, or via
HCWs’ hands. Patient-to-patient transmission of epidemic
clones of P. aeruginosa among patients with cystic fibrosis has
been documented. Recent experimental and clinical data
showed that patients with cystic fibrosis can generate droplet
nuclei in the respirable range and that infectious particles can
be cultured from room air minutes to hours after patients have
left [76]. Data from the USA showed that the rate of bacterial
contamination of cystic fibrosis clinics with respiratory tract
pathogens, including P. aeruginosa, was 13.6%; the air collected
within 3 feet (90 cm) of patients, their hands, and the
environment was contaminated during 8.2%, 6.2% and 1% of
visits, respectively [77,78].
The epidemiology of A. baumannii has been thoroughly
reviewed [79]. Acinetobacter baumannii may cause monoclonal
outbreaks, usually related to an environmental source, or as
complex, extensively polyclonal situations, in which epidemic and
sporadic clones coexist [80,81]. Environmental contamination,
both of dry and moist areas, is key to the dissemination of
A. baumannii. Colonized patients may serve as effective reservoirs
and HCWs’ hands can serve as vehicles for transmission either
from contaminated surfaces to patients or between patients.
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Nosocomial infections caused by Stenotrophomonas maltophilia are usually caused by sporadic strains, probably acquired
from different environmental wet sources [51]. However, a
few outbreaks of indistinguishable strains related to a
common environmental source or cross-transmission have
been reported [82–85]. Burkholderia cepacia may also cause
nosocomial outbreaks, typically associated with medical
products or environmental moist sources [51,82]
Cross-transmission has been documented between cystic
fibrosis patients [86,87] and may occur among non-cystic
fibrosis patients [88].

The Role of Hand Hygiene to Prevent
Spread of MDR-GNB
The role of HCWs’ hand contamination has been under
investigation since the 1960s [89]. Before performing hand
disinfection, up to 40% of nurses’ hands yielded coliform
bacteria, although rates depended on the type of unit sampled
[33,90]. Another study showed that 17% of ICU staff carried
Klebsiella spp. on their hands and that these strains were
probably related to colonized or infected patients resident in the
unit [91]. An epidemic MDR-Klebsiella spp. survived on fingertips
better than susceptible strains and persisted longer than E. coli
and P. aeruginosa [91]. Coliforms can be picked up on the hands
of nurses after touching patients’ washing materials and clothing,
as well as after bed-making, toileting activities, handling bed linen
and curtains, and even after administering medications to the
patients [92]. Transfer of viable amounts of Klebsiella spp. to
nurses’ hands took place after simple ‘clean’ procedures, such as
washing the patient and touching several parts of the body during
nursing activities (i.e. taking blood pressure, pulse and oral
temperature) [33]. Sampling patients’ hands on a specific ward
demonstrated rates of coliform carriage similar to rates of
carriage for nurses on that ward [92]. Hand contamination
despite wearing gloves has been reported in 4.5% and 1% of
HCWs after caring for MDR-A. baumannii and MDR-P. aeruginosa colonized or infected patients, respectively [93].
The mechanism of microbe cross-transmission is summarized in the World Health Organization (WHO) 2009 HH
guidelines ‘five moments’ (available from: http://whqlibdoc.
who.int/publications/2009/9789241597906_eng.pdf): (1) presence of microbes on patient skin and/or in patient’s environment, (2) transfer of these organisms to HCWs’ hands, (3)
microbe survival on HCWs’ hands, (4) incorrect hand
cleansing by HCWs, and (5) cross-transmission to other
patients. The following section will focus on the different
‘moments’ of cross-transmission of GNB according to the fivestep-WHO sequence.
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(1) Microbes on patient’s skin and environment. The number of
GNB on the skin is strikingly low if compared to the high
level of GNB colonizing the gut. GNB counts in the
intestine reach 109–1011 CFU/g of homogenized tissue,
while they are virtually absent from large areas of skin [94].
GNB are isolated more frequently from axilla, perineum
and toe webs, which represent humid and partially
occluded areas, where the skin bacterial count is highest
(106–107 CFU/cm2) [94,95]. Recent molecular data show
that GNB can be found in abundance on some dry skin
sites, including parts of the hands [94].
Acinetobacter calcoaceticus is the GNB most frequently
found on normal skin, colonizing up to 25% of individuals
[96]; other GNB are identified less commonly as part of
the transient skin flora. Hospitalized patients, unlike
healthy subjects, may have higher rates of skin colonization
with Acinetobacter species and other GNB, especially in the
perineal area [97–100].
(2) Transfer of GNB to HCWs’ hands. Many studies over the
last decades have reported that up to 100% of HCWs’
hands can be contaminated by GNB, including Enterobacteriaceae, P. aeruginosa, Acinetobacter spp. and other
potential pathogens [33,101,102]. GNB counts on HCWs’
hands may vary substantially and are related to the type of
contact with the patient or the patient’s immediate
environment. The risk of hand contamination has also
varied depending on the microbe. Morgan et al. evaluated
about 200 opportunities of staff providing assistance to
patients colonized or infected with MDR-A. baumannii and
MDR-P. aeruginosa. They observed hand contamination in
4.5% of HCWs assisting patients with MDR-A. baumannii,
compared with 0.7% of those caring for patients with
MDR-P. aeruginosa. Risk factors for HCWs’ hand contamination with MDR-A. baumannii were manipulation of
wound dressings, staying in the patients’ rooms for more
than 5 min, and being a physician or nurse practitioner
[93]. Rodriguez-Ba~no et al. [81] observed rates of HCWs’
hand colonization by MDR-A. baumannii between 12% and
20% in an ICU where this organism was endemic.
A team from the University of Maryland investigated
the frequency of transfer of pathogens during the treatment of ICU patients with MDR-A. baumannii and/or
MDR-P. aeruginosa [103]. Contamination of HCWs’ gloves
and hands verified after glove removal but before hand
hygiene was observed in 29.3% and 4.2% of HCWs with
MDR-A. baumannii, respectively, and in 17.4% and 3.5%
with MDR-P. aeruginosa, respectively [103].
(3) Microbe survival on HCWs’ hands. GNB may survive on
HCWs’ hands for periods lasting from a few minutes to
several hours, depending on the species. Notably, GNB
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have been isolated from the hands of individuals not
involved in healthcare in proportions similar to those
reported for HCWs [101]. Acinetobacter spp. may be
isolated from skin for long periods of time after inoculation
[104], usually longer than other GNB. Fagernes and Lingas
demonstrated that wearing jewellery, such as a single ring,
may triple the risk of Enterobacteriaceae hand carriage
[105]. Sampling was performed while HCWs were on duty
and no evaluation of post-duty hand colonization was
performed. Artificial fingernails became colonized with
GNB more frequently than natural nails and alcohol-based
hand rubs were less effective in eliminating GNB from the
former than the latter [106]. Artificial fingernails have been
associated with HAIs, including outbreaks of bloodstream
infections due to Serratia marcescens in haemodialysis
patients [107] and of ESBL-producing K. pneumoniae and
P. aeruginosa invasive infections in neonatal ICUs, although
the associations were weak [108].
(4) Incorrect hand cleansing by HCWs. In one study, if no or
inadequate HH was performed during patient care, the level
of hand contamination increased progressively in a linear
fashion over time, so favouring cross-transmission [102]. A
significant reduction in microbe counts has been reported by
a limited number of studies evaluating hand washing and/or
hand rubbing, although data regarding MDR-GNB are
scarce. Paul et al. observed a significant reduction in GNB
counts when HH was performed both with soap and
water and with alcohol hand-rubs soap [109]. Data show
that alcohol-based hand-rubs could reduce A. baumannii
counts by 98% from experimentally contaminated hands
[110].
(5) Cross-transmission to other patients. The prevalence of
possible cross-transmission of GNB among patients is
difficult to evaluate. Studies in the ICU population applying
conventional and molecular methods report percentages
of cross-transmission ranging from 23% to 53% of patients’
contacts [111,112]. Lingaas and Fagemes [113] developed
a method to investigate the transfer of E. coli from the
hands of HCWs. The method involved standardized hand
contact between the HCW and a recipient wearing sterile
gloves, followed by sampling of the bare hands of the
HCW and the gloved hands of the recipient by the glove
juice method. A smaller proportion of E. coli was recovered from bare skin compared with gloves, suggesting
reduced survival of bacteria as a result of contact with
natural skin [113].
Clothing of HCWs can be contaminated by nosocomial
pathogens and therefore be a source for cross-transmission of
healthcare-associated pathogens [114–119]. Such attire is
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progressively contaminated by an HCWs’ own flora, which is
generally of low pathogenicity and constitutes about a third of
the isolated germs. Flora from patients or the hospital
environment represents the remaining two-thirds of microorganisms found on clothing [116,119]. The areas of attire with
the heaviest colonization are the zones most frequently
touched by hands, i.e. below the waist, and on the sleeves
and pockets [114,115,119]. In one paper, the level of bacterial
contamination did not vary with the length of time a coat had
been in use, but it increased with the degree of usage by the
individual doctor [115]. Performing procedures involving
heavily contaminated body sites, such as dressing wounds,
may cause high levels of clothing contamination [119].
Protective clothing, particularly plastic aprons, have been
associated with a significant reduction in clothing contamination in high-risk settings such as burn units [116,120]. During
clinical activity other items worn, such as badges and lanyards,
may also become contaminated [121].
Contamination of gowns and gloves has been shown to be a
frequent event during patient care [93,103]. In particular, gown
contamination with MDR-A. baumannii has been observed in
11–12% of HCWs when caring for colonized patients [93,103].
In the same studies, MDR-P. aeruginosa contaminated HCWs
gowns less frequently, i.e. 4–5% [93,103]. Since not all
healthcare systems supply uniforms processed in an industrial
laundry, staff may need to launder their uniforms at home.
Wilson et al. [116] show that there is no substantial difference
between home and industrial laundering concerning microbial
residual contamination.

Recommendations
Epidemic setting
Strong recommendation: Implement HH education
programmes to reduce the transmission of ESBLproducing Enterobacteriaceae. MDR-A. baumannii,
Stenotrophomonas maltophilia (moderate level of evidence);
MDR-K. pneumoniae, MDR-P. aeruginosa and Burkholderia
cepacia (very low level of evidence)
Endemic setting
Strong recommendation: Implement hand hygiene (HH)
education programmes to reduce the transmission of
extended-spectrum b-lactamase (ESBL)-producing
Enterobacteriaceae, multidrug-resistant (MDR)Klebsiella pneumoniae, MDR-Pseudomonas aeruginosa,
MDR-Acinetobacter baumannii (moderate level of
evidence); Stenotrophomonas maltophilia and Burkholderia
cepacia (very low level of evidence)

CMI

The Role of Contact Precautions to Prevent
Spread
Basic infection control precautions (i.e. standard precautions)
need to be used, as a minimum, in the care of all patients and are
meant to reduce the risk of transmission of blood-borne and
other microorganisms from both recognized and unrecognized
sources. They include HH, and personal protective equipment
guided by risk assessment and the extent of contact anticipated
with blood and body fluids, or pathogens. In addition to standard
precautions, CP include: wearing a gown and gloves upon entry
to a room of a patient/resident colonized or infected with
epidemiologically targeted bacteria and using disposable single-use or patient/resident-dedicated non-critical care equipment (such as blood pressure cuffs and stethoscopes).
Once MDR-bacteria infection or carriage is detected in
hospitalized patients, most international guidelines recommend the application of CP to these patients to prevent
hospital spread [5,6]. There are multiple ways of implementing
such CP. For example, patients can be transferred to special
isolation wards or housed in nursing cohorts, i.e. in separate
rooms on general wards with designated nursing staff exclusively responsible for the cohort. Alternatively, colonized
patients can be isolated in single or cohort rooms on general
wards without designated personnel. Third, the application of
CP can be performed housing the patients in the same room
with patients unaffected by MDR-GNB, but applying CP (e.g. as
defined above including the use of gloves and gowns or aprons
depending on the extent of carriage by the patient and the
procedures being performed by staff) when caring for the
colonized or infected patient. Notably, in the ECDC systematic
review to define the effectiveness of IPC measures to decrease
the incidence of colonization or infection with CRE, the most
effective approach included CP, screening for early detection
of CRE-colonized patients, and cohort nursing care for
CRE-colonized patients (available from: http://ecdc.europa.eu/
en/publications/Publications/110913_Risk_assessment_resistant_CPE.pdf). Suboptimal adherence to CP was linked to
limited impact on HAI outcomes.
The efficacy of CP can be optimized through an effective and
consistent approach to screening cultures, not only to identify
all carriers but also to monitor the success of any isolation or
infection prevention measure. An alert code for previously
known positive patients followed by pre-emptive CP could help
in reducing the spread of MDR-GNB. Evidence derives from
successful interventions in the endemic setting on MDR-P. aeruginosa [122] and during outbreaks by ESBL-producing Enterobacteriaceae and MDR-K. pneumoniae [123–127]. Weekly
screening cultures in addition to those on admission and
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discharge might optimize the CP, especially in high-risk settings
and in case of long hospitalization [125,128,129].
No consensus exists on when CP may be discontinued. The
majority of the studies on CP applied this measure until two or
three negative screening cultures taken a week apart were
obtained. Rarely CP were maintained during the entire
hospitalization period.
The authors of these guidelines suggest discontinuing them
when three or more screening cultures for the target
MDR-organism are repeatedly negative over the course of a
week or two in a patient who has not received antimicrobial
therapy for several weeks.
There is no study focused on the use of surgical masks as a
component of CP in the management of patients with respiratory colonization or infection due to MDR-GNB. A few papers
reporting outbreaks due to MDR-A. baumannii added masks on
top of CP in the ICU settings with favourable results [129–131].
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of cohorting of colonized/infected patients in a dedicated ICU
and total cohorting of nursing care and partial (daily shift only)
cohorting of medical staff, the outbreak was controlled.
According to the authors, cohorting was probably the most
important contributing measure [123].
In a study by Lucet et al. patient cohorting was applied for
surgical patients found to be ESBL-producing Enterobacteriaceae carriers, whereas in the other hospital units, CP alone
were used. Pre-emptive isolation precautions were also
recommended for patients transferred to the ICUs at risk of
being colonized. The IPC measures were ineffective during the
first year. The main cause was probably the low compliance
rate with CP, despite a high rate of hand washing adherence.
Critical evaluation of the implementation of CP in the ICU
prompted corrective measures for CP and the incidence of
acquired cases subsequently decreased [124]. This seems to
suggest that auditing adherence to CP is at least as important
an issue as their introduction per se.

CP in epidemic settings

Effectiveness of CP in controlling an outbreak due to
MDR-A. baumannii has been reported by Gbaguidi-Haor et al.
[132] The authors applied CP and patient cohorting for all
patients colonized or infected with A. baumannii, whatever the
antibiotic susceptibility of the strain. Once new cases of
colonization or infection due to MDR-A. baumannii were no
longer detected, the systematic implementation of isolation
precautions and patient cohorting was stopped for a 2-year
period. A resurgence in the number of A. baumannii-colonized
or -infected patients led to reimplementation of CP, resulting
in a consequent decrease in the incidence of patients with
A. baumannii colonization or infection. The changes in the
application of CP were also associated with a decrease in the
number of patients with A. baumannii bacteraemia [132].
Ineffectiveness of the implementation of CP and ASC in
epidemic setting has been reported. An outbreak of
MDR-A. baumannii was not controlled by setting up a
programme of screening for all patients in addition to
immediate isolation or cohorting of colonized patients. Ward
closures were necessary to contain the spread of MDR-A. baumannii [133]. A possible explanation was that the lack of
pre-emptive isolation allowed cross-transmission among
patients. Environmental contamination and lack of proper
cleaning and disposal of contaminated equipment might have
also played a pivotal role in outbreaks [134,135].
The implementation of cohorting of patients and/or staff can
improve the effectiveness of a bundle approach to control an
outbreak due to MDR-GNB. Laurent et al. described the
failure of CP, isolation room and ASC in controlling an
outbreak of ESBL-producing K. pneumoniae. When the infection control measures were reinforced with the introduction

Recommendations
Epidemic setting
Strong recommendation: Implement contact precautions
(CP) for all patients colonized and/or infected with
extended-spectrum b-lactamase (ESBL)-producing
Enterobacteriaceae, multidrug-resistant (MDR)Klebsiella pneumoniae, MDR-Acinetobacter baumannii
(moderate level of evidence); and Pseudomonas aeruginosa
(very low level of evidence)
Strong recommendation: Use alert code to identify
promptly patients already known as colonized with
ESBL-producing Enterobacteriaceae and MDR-K.
pneumoniae at hospital/ward admission and perform
screening and pre-emptive CP (moderate level of
evidence)
Strong recommendation: Isolate colonized and infected
patients in a single room to reduce the risk of acquisition of
ESBL-producing Enterobacteriaceae, MDR-K. pneumoniae
(moderate level of evidence); MDR-A. baumannii and
MDR-P. aeruginosa (low level of evidence)
Strong recommendation: Cohort staff to reduce the risk of
acquisition of MDR-K. pneumoniae (moderate level of
evidence)

CP in endemic setting

Many interventions on MDR-GNB in endemic settings included
CP [122,136,137] and many national and international guidance
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documents and expert opinion publications recommend the
systematic use of CP in the management of MDR-GNB in the
endemic setting [5,6,138–140]. Rodriguez-Bano et al. [81]
reported hospital-wide successful control of MDR-A. baumannii through a bundle strategy that included CP along with ASC,
HH, education, environmental and HCWs’ hand cultures, a
strict environmental cleaning policy, and regular staff meetings
with feedback of data. A significant correlation between
implementation of CP and number of patients colonized or
infected with A. baumannii was reported in a large French
hospital [132] and, on a smaller scale, CP and ASC were
successfully applied in a surgical setting to control the
transmission of MDR-A. baumannii [141]. A significant reduction in endemic carbapenem-resistant K. pneumoniae (CRKP)
was observed by Kochar et al. [122] through a multifaceted
intervention including CP. In the same intervention, no
decrease was observed in the isolation rates of A. baumannii
and P. aeruginosa. In Germany, Vonberg et al. [142] reported
their successful experience in a stable endemic situation,
including many high-risk patients, applying CP and isolation
room for all patients with MDR-GNB. These reports seem to
suggest that CP may have a significant role in reducing
MDR-GNB spread in the endemic setting, although CP was
always included in a multifaceted approach and therefore its
specific effectiveness is difficult to define.
Recommendations
Endemic setting
Strong recommendation: Implement contact precautions
(CP) for all patients colonized with extended-spectrum
b-lactamase (ESBL)-Enterobacteriaceae (with the
exception of Escherichia coli), multidrug-resistant (MDR)–
Klebsiella pneumoniae, MDR-Acinetobacter baumannii, and
MDR-Pseudomonas aeruginosa (moderate level of
evidence)
Strong recommendation: Use alert code to identify
promptly patients already known as colonized with
MDR-A. baumannii at hospital/ward admission and
perform screening and pre-emptive CP (moderate level of
evidence)

The Role of Active Screening Cultures to
Prevent Spread
Active screening culture allows the early identification of
patients with colonization due to MDR-GNB at hospital
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admission and/or during hospitalization in order to apply CP
and reduce person-to-person spread. This is based on the
well-established fact that a significant reservoir of MDR-GNB
colonized patients in hospital will go undetected by relying on
results from clinical specimens submitted for routine diagnostic testing [143–145].
Harris et al. [143] estimated that among patients admitted
to medical and surgical ICUs, the proportion of undetected
ESBL-producing E. coli and Klebsiella spp. was 69%. Importantly,
among patients with both positive clinical and screening
cultures, the latter were positive an average of 2.7 days
earlier than the clinical cultures [143]. Maragakis et al. [144]
reported an undetected ratio of MDR-A. baumannii of 50%
among patients in ICU. A point prevalence study in three New
York City ICUs revealed that 14 (39%) of 36 hospitalized
patients had faecal colonization with CRKP. The majority
(86%) of these patients were not identified by routine clinical
cultures [145].
The proportion of clinically evident cases among carriers
may vary according to the virulence of the organism, the
susceptibility of the particular patient population studied, and
quality of IPC measures, e.g. adherence to bundles. Studies
examining the relationship between colonization and infection
also depend on the sensitivity of the methods used to detect
colonization. For example, it has been shown that it may be
difficult to detect the carriage of A. baumannii by routine
methods and that the best body site for screening has not been
well determined [136]. In contrast, although the site of
colonization for Enterobacteriaceae is better defined, various
screening methods may differ in their sensitivity in identifying
specific resistant mechanisms or phenotypes.
The natural history of MDR-GNB colonization and
subsequent infection has not been well described and might
differ depending on the organism, the host’s features, and
other factors. Corbella et al. [146] evaluated faecal colonization with MDR-A. baumannii in ICU patients and found that
clinical infections due to these strains occurred more
frequently in patients with, than without, previous faecal
colonization. Contrasting results have been reported during an
outbreak investigation, where the majority of ICU patients
harbouring CRKP did not develop clinical disease during their
hospitalization [125].
A recent clinical epidemiological investigation quantified the
sensitivity of perianal/rectal surveillance cultures in detecting
MDR-GNB bacteria and identified factors associated with
false-negative surveillance culture results [147]. In this study,
the sensitivity of perianal/rectal surveillance swabs for detecting MDR-GNB colonization was 78%. The percentage was
higher than that reported in other studies, which ranged from
42% to 69% when only colonization of the rectal site
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with non-Acinetobacter MDR-GN species was considered
[148,149].
Since PCR-based approaches for screening of MDR-GNB are
still at an early stage, culture-based methodologies for screening
are the most reliable option and remain the most favourable in
terms of capacity and costs. Techniques using conventional
bacterial culture methods on agar plates for screening individuals for MDR-GNB are well-established. Adequate samples are
usually rectal swabs, urine or respiratory secretions. HICPAC/
CDC guidelines recommend taking ASC for MDR-GNB from
areas of skin breakdown and draining wounds and, if a
respiratory tract reservoir is suspected, from endotracheal
tube aspirates or sputum. The Association for Professionals in
Infection Control and Epidemiology (APIC) guide for the
control of MDR-A. baumannii suggests culturing multiple patient
sites including the nose, throat, axilla, groin, rectum, open
wounds and/or tracheal aspirates (available from http://www.
apic.org/resource_/eliminationguideform/b8b0b11f-1808-4615890b-f652d116ba56/file/apic-ab-guide.pdf). Inoculation of the
sample on non-selective media (Columbia Agar with 5% Sheep
Blood; COS; BD, Franklin Lakes, NJ, USA) should be used as
growth and internal quality control. For ESBL detection,
inoculation on selective media (e.g. ESBL AgarchromIDTM Agar;
ESBL (bioMerieux, Marcy l’Etoile, France); Brilliance ESBL agar
from Oxoid (Basingstoke, UK) and media containing 1 mg/L of
cefotaxime or 4 mg/L of ceftazidime) may be used. MacConkey
agar supplemented with 1 mg/L of imipenem may be used for
the detection of carbapenamase-producing Enterobacteriaceae.
The incubation period is a maximum of 48 h under aerobic
conditions at 36°C. Only samples with concomitant growth on
COS are considered ‘valid’ (note that this applies only to
samples where growth of standard flora is expected, e.g. rectal
swabs). Specimens should be identified and tested for antimicrobial susceptibility in a standardized way, e.g. according to the
European Committee on Antimicrobial Susceptibility Testing
(EUCAST). Automated techniques may facilitate microbial
identification (e.g. MALDI-TOF mass spectrometry) and antimicrobial susceptibility testing (e.g. Vitek2, BD PhoenixTM, BD).
The cost-effectiveness of these methods in different epidemiological setting needs to be further defined.
The frequency of screening is another key point for the
implementation of ASC, but no consensus exists on the
optimal timing and interval. ASC should be continued weekly
until no cases of colonization or infection, suggesting ongoing
cross-transmission, are identified [6]. A significant problem is
also related to the lack of specific information related to the
duration of colonization. Snyder et al. reported that the
median duration of MDR-GNB colonization was 144 days
(range, 41–349 days) ranging from 121 days in Proteus spp. to
178 days in E. coli [150].
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In a study assessing the sensitivity of various anatomical
sites for detecting baseline colonization with MDR-GNB,
surveillance cultures from six different sites (groin, perirectal
area, finger webs, forehead, axillae, toe webs) were performed. The groin was the most sensitive site with the highest
negative predictive value for detecting MDR-GNB colonization, including MDR-A. baumannii and ESBL-producing K. pneumoniae. The perirectal area had the second highest sensitivity
overall and was the most sensitive anatomic site for detecting
ESBL-producing E. coli. Sampling of both perirectal and groin
areas resulted in an increase of the overall sensitivity to 95%
[151]. In another study, patients with recent clinical isolation
(≤10 days) of MDR-A. baumannii and those with remote
clinical isolation (≥6 months), were compared to determine
optimal surveillance sampling sites. Screening for carriage was
conducted from six sites: nostrils, pharynx, skin, rectum,
wounds and endotracheal aspirates. Screening cultures yielded
MDR-A. baumannii from 55% (12/22) of patients with recent
clinical isolation, resulting in a sensitivity of 55% when six body
sites were sampled. Sensitivities of single sites ranged from
13.5% to 29%, indicating that the sensitivity of surveillance
cultures is low, even when six different body sites were
sampled [152].
It is important to underline that the effects of ASC are
related to the level of compliance to the intervention. As one
would expect, use of audit cycles (sometimes termed process
surveillance) to ensure that interventions are being performed
correctly predict the chances of success. Before implementing
ASC it is also important to clearly define which IPC
interventions need to be applied in patients found to be
positive and in others while awaiting screening results. The
introduction of the screening per se cannot be considered an
infection control measure. Careful planning should be elaborated together with the hospital laboratory considering, among
other factors, local turnaround time and cost-effectiveness.
Specific plans should be defined in case of isolation of CRE.
When identifying a previously unrecognized CRE, a point prevalence survey in high-risk areas should be performed. If CRE are
detected from clinical cultures or from the point prevalence
survey, active surveillance testing of patients with epidemiological
links to a patient with CRE infection should be conducted
(available from: http://ecdc.europa.eu/en/publications/Publications/110913_Risk_assessment_resistant_CPE.pdf).
Despite the increasing clinical relevance of MDR-GNB
colonization among hospitalized patients and beneficial previous experiences with the control of MDR-Gram-positive
bacteria, the question as to whether and when ASC should be
performed to identify MDR-GNB colonized patients is still
hotly debated. As yet, no internationally agreed guidelines have
clearly defined how to organize and implement ASC for the
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detection of colonization with MDR-GNB at hospital admission, although all advocate targeted screening of high-risk
patients in endemic or outbreak settings.
In recent years hospitals in many countries have experienced increases in the rates of patients colonized by
MDR-GNB at hospital admission. In a 6-year survey (1995–
2000) in a French surgical ICU, the rates of ESBL-producing
Enterobacteriaceae colonization or infection were 0.4 new
cases per 100 admissions [136]. A study investigating colonization with A. baumannii reported that 58% of ASC collected
from newly admitted patients in an ICU with an endemic
situation were positive for MDR-A. baumannii [153].
Observational studies have identified risk factors for
colonization due to MDR-GNB at hospital admission. These
include: recent antibiotic usage, residency or recent travel in a
country with high incidence of MDR-GNB, hospitalization in a
healthcare facility where MDR-GNB are endemic, advanced
age, dialysis and residency in long-term care facilities or nursing
homes ([154], 23rd European Congress of Clinical Microbiology and Infectious Diseases, abstract eP 697).
To try to clarify the impact of ASC in controlling the spread
of MDR-GNB within hospitalized patients, Harris et al.
suggested two key variables to be determined locally: (i)
organism-specific proportion of antibiotic resistance attributable to antibiotic usage and (ii) organism-specific attributable
fraction due to patient-to-patient transmission. Defining these
parameters would imply that cost-effectiveness studies could
be performed locally and used by hospital epidemiologists to
implement ASC accordingly [155]. However, as underlined by
the authors, at the moment no accurate estimates of these
parameters exist for any MDR-GNB in the non-outbreak
setting. Determining these two components becomes even
more difficult where there is a community reservoir or
frequent inter-hospital transfers or re-admissions of colonized
patients requiring their thorough epidemiological tracking and
molecular typing of strains and determination of antimicrobial
resistance elements.
ASC in an epidemic setting

Several studies have provided examples of the efficacy of the
ASC included in a multifaceted strategy in outbreak settings.
Enoch et al. [156] described the ineffectiveness of an approach
that did not include identification of carriers with ASC in
controlling an outbreak of MDR-A. baumannii that occurred in
2006 in a British teaching hospital. In a second phase, a partial
ward closure with strict physical segregation of patients and
barrier nursing along with the use of ASC (3 days a week)
were introduced and these measures were effective in
containing the outbreak. In the participating ICU, almost 5%
of screened patients were found to be colonized with
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MDR-A. baumannii. ASC enabled earlier detection of colonization in 25% of these carriers, saving 1–6 days before the
detection from a clinical sample [156]. Ben-David et al.
described a hospital-wide outbreak of CRE that was controlled
only after implementing an intervention that included the use
of rectal screening at admission and then weekly thereafter, in
addition to the measures taken in accordance with the national
infection control programme [125]. Notably, 52% of patients
were identified by use of ASC initially and 39% of CPs were
applied based on results of ASCs [125]. In an ICU department
in a hospital in Belgium in which routine screening (on the day
of admission and biweekly) and CP failed to prevent and
interrupt an outbreak of ESBL-producing K. pneumoniae,
reinforced infection control measures, including daily screening, controlled the outbreak without major disruption of
medical care [123].
Recommendations
Epidemic setting
Strong recommendation: Implement a programme of active
screening culture at hospital admission followed by
contact precautions to reduce the spread of extendedspectrum b-lactamase-producing Enterobacteriaceae,
multidrug-resistant (MDR)-Klebsiella pneumoniae,
MDR-Acinetobacter baumannii (moderate level of
evidence); and MDR-Pseudomonas aeruginosa (very low
level of evidence)

ASC in endemic setting

A 3-year prospective, controlled, quasi-experimental study in
achieving the control of the spread of MDR-A. baumannii
infection and colonization was conducted in an endemic setting
and supported the utility of ASCs [157]. Following an increase
in the rate of MDR-A. baumannii infection and colonization in
ICUs and a coronary care unit, a multifaceted intervention
lasting 24 months, was introduced. The bundle included: (i)
implementation of enhanced CP; (ii) ASCs for MDR-A. baumannii (comprising tracheal aspirates and rectal swabs, on
admission and then weekly; (iii) cohorting patients with
MDR-A. baumannii, and (iv) enhanced environmental cleaning.
Twenty-four months after the introduction of the multifaceted
strategy, the rate of colonization had decreased by 76%. As
several interventions were made simultaneously, it is impossible to establish which measure was the most effective [157].
A further verification of the efficacy of the use of ASCs in
endemic settings was provided by Rodriguez-Bano et al. A
multifaceted control programme to reduce MDR-A. baumannii
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transmission included measures to improve adherence to HH,
CP and ASC at hospital admission and weekly, implementation
of environmental cleaning, and regular staff meetings. The
bundle resulted in a sustained decrease in the rate of
colonization and infection and of bacteraemia due to
MDR-A. baumannii [81].
In contrast, Barbolla et al. reported that the introduction of
ASC did not decrease cross-transmission of carbapenem-resistant A. baumannii (CRAB) in endemic setting. In this study
oropharyngeal, axillary and rectal swabs were collected from
all newly admitted ICU patients at admission and then weekly.
CPs were applied in colonized and infected patients with no
effect on the rate of MDR-GNB colonization [153].
The results of interventions are also related to the type of
microorganism. A retrospective study, with pre- and post-interventional phases, was carried out by Kochar et al. [122]. In
the first period, CP for MDR-GNB-colonized or -infected
patients and ASC for CRAB at admission and weekly were
introduced. In the second phase, ASC included the identification of CRKP and CR-P. aeruginosa (CRPA). Interestingly, the
number of patients with CRAB or CRPA did not significantly
differ in the two study periods, whereas there was a marked
decrease in the number of patients with CRKP during the
second period. Possible explanations for the lack of effect of
ASC for P. aeruginosa and A. baumannii are either that these
bacteria frequently colonize the respiratory tract, which was
not included in their screening strategy, or that the patients
were not efficient reservoirs for those microorganisms [122].
After evaluation of the evidence the authors of these
guidelines agreed that the implementation of ASC should be
suggested only as an additional measure and not included in the
basic measures to control the spread of MDR-GNB in the
endemic setting.

The Role of the Environmental Cleaning to
Prevent Spread
Surface level cleanliness in healthcare environments has been
shown to be important for controlling HAIs caused by
Gram-positive microorganisms such as methicillin-resistant
Staphylococcus
aureus
(MRSA),
vancomycin-resistant
enterococci and Clostridium difficile [158]. Studies that demonstrate the impact of cleaning alone for controlling GNB
microorganisms other than Acinetobacter spp., however, are
lacking, although environmental cleaning is often mentioned as
part of an overall infection control package in response to an
outbreak [158,159]. In many poorly controlled endemic
situations, the healthcare environment has never been studied
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adequately and this may underestimate its importance.
Although environmental screening has been performed to
control outbreaks, its role remains contentious and the
methodology has not been standardized [160]. Unexpected
environmental reservoirs can sometimes be identified, suggesting that environmental screening should be considered,
especially when control is not accomplished using basic IPC
practices [134].
It is widely believed that coliforms and Pseudomonas cannot
survive for long periods of time in dry healthcare environments and so do not pose as much of a threat as their more
robust Gram-positive counterparts [161], although there are
studies suggesting that the survival of coliforms and P. aeruginosa on dry surfaces might be longer than previously thought
[162]. Acinetobacter baumannii can be recovered from the
hospital environment with ease, including inanimate handtouch sites near the patient [163]. Seeding clinical and
environmental strains onto Formica surfaces demonstrated
survival of between 1 and 2 weeks, although some strains are
known to survive for much longer [164]. While Acinetobacter is
known to survive in surface dust for months, organisms such
as E. coli, Klebsiella spp., Enterobacter spp. and Serratia spp., have
not generally demonstrated resilience to desiccation. However, recent reports suggest that GNB may actually display
greater survival properties than Gram-positive organisms
[162]. Escherichia coli, Klebsiella spp. and Pseudomonas spp. have
all been shown to survive for more than a year under certain
conditions, Serratia marcescens for up to 2 months and
Acinetobacter spp. for up to 5 months [162]. Pseudomonas can
survive on a dry floor for 5 weeks but little is known about
Burkholderia and Stenotrophomonas persistence in the healthcare environment other than a predilection for biofilm lining
sink traps and other plumbing components. In contrast, MRSA
has been shown to survive for a year in hospital dust, the
spores of C. difficile for 5 months and vancomycin-resistant
enterococci for 4 months [162,165]. Environmental screening
has recovered GNB from a variety of hospital surfaces. GNB
have also been identified on general surfaces such as floors,
shelves and ledges; curtains, linen, towels and clothes;
mattresses and beds; furniture; computers, telephones and
all items of clinical equipment [161,166–169]. Some pathogens,
notably Pseudomonas spp., can survive well in damp places such
as sinks, showers and baths. Dust-loving A. baumannii settles
on rarely cleaned and/or inaccessible surfaces such as shelves,
highly-placed equipment and computer keyboards; whereas
coliforms such as Klebsiella and Serratia favour buckets, bowls,
mops and liquids over dry surfaces [161,170].
A recent study examined a range of sites near patients
known to be usually colonised by GNB [168]. Of nearly 2000
sites sampled, only about 5% demonstrated the presence of
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isolates indistinguishable to those from the patient whose
environment was sampled [168]. Organisms identified included
Pseudomonas, Stenotrophomonas maltophilia, E. coli, Enterobacter,
Acinetobacter, Serratia and Klebsiella spp. Sites more likely to
host GNB included linen, gowns and nightwear; bedside tables,
bed rails and chairs; floors and door handles; infusion pumps
and respirators; and bathroom sites such as urinals, shower
fittings, sinks and toilet seats.
Another study used standardized sampling methodology for
ten hand-touch and general sites in different wards of a
teaching hospital and confirmed that 5% of environmental sites
were positive for GNB [171]. Coliforms, Pseudomonas spp. and
Stenotrophomonas maltophilia were more often recovered from
‘wet’ sites such as sinks and baths, although there was a
difference between the recovery rate of coliforms and
pseudomonads from sinks on different wards. Very few
coliforms were isolated from ICU sinks, as opposed to sinks
on medical wards, and pseudomonads were isolated more
frequently from ICU sinks than those on the medical wards.
The authors attributed this to the frequent dispensing of
disinfectants into the ICU sinks by staff engaged in hand
disinfection, particularly products containing chlorhexidine and
alcohol. All environmental GNB recovered from the ICU
environment were significantly more resistant to antibiotics
than those from the medical wards. The study concluded that
antibiotic consumption is associated with resistance profiles of
organisms on floors and other surfaces within a defined local
environment such as a hospital ward [171].
Previous room occupancy by a GNB-colonized or GNB-infected patient has been shown to be a risk for acquisition of
GNB [135]. There are several different methods for assessing
both the efficacy of cleaning and the extent of environmental
contamination in the hospital environment. Although more
evidence for cleaning in control of HAI including MDR-GNB is
still needed, it is generally agreed that maintaining a clean
environment provides a fundamental basis for all hygienic
measures in preventing infection [158]. GNB can survive on
hospital surfaces and studies have demonstrated strains that
are indistinguishable from both environmental reservoirs and
patients [172]. Given the potential role of cleaning in the
control of MDR-GNB, therefore, methods for assessing
cleanliness are needed, both for scientific studies and to
reassure staff and patients. Such methods can be defined within
two main categories: process evaluation, where the cleaning
process is monitored by visual inspection or with a fluorescent
gel marker; and outcome evaluation, where cleanliness is
evaluated with the use of ATP bioluminescence systems or
microbial cultures [173].
Either fluorescent markers or kits for measuring organic
soil have confirmed that many high-risk sites escape appropri-
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ate cleaning. Auditing surfaces and equipment on a ward can
establish what is handled, how often it is handled and who has
cleaning responsibility. The results of these audits provide
basic information for manipulation of cleaning schedules,
although cleaning responsibilities and resources for any extra
cleaning hours require robust managerial support. There are
alternative methods of environmental assessment, notably
cleaning inspections; education; monitoring and feedback, all of
which encourage enhanced performance by housekeepers.
Placing invisible fluorescent markers at key sites for later
inspection and feedback for domestic staff has also been shown
to improve overall cleaning compliance, along with reduction
of key hospital pathogens. Use of ATP monitoring demonstrates pronounced effect on cleaners when they received
concomitant educational guidance. Direct observation and
supervision of staff as they clean also demonstrates reductions
of important hospital pathogens on high-risk surfaces [158].
Organisms from water outlets have the potential to
colonize and infect patients despite the lack of evidence for
specific transmission pathways. Outbreaks of P. aeruginosa and
Stenotrophomonas maltophilia have been traced to tap filters and
aerators, sink traps and drains, usually hosting adherent
biofilms [174]. Sinks form a reservoir for many different
GNB [170,174–181]. Biofilms also build up in sink traps
underneath the outlet. This complex living deposit on internal
plumbing surfaces hosts and protects a multitude of water-loving organisms, some of which pose a threat to nearby
debilitated patients. In addition, bacteria within biofilms may
display greater capacity for antimicrobial resistance and can
tolerate chlorine and other disinfectants [182]. Biofilm-forming
K. pneumoniae strains are also more likely to produce ESBLs
[183].
It is not known to what extent sink usage for HH, etc.
encourages sink contamination or aerosolization from backsplash, but investigation of pathogens from sinks, surrounding
surfaces and patient isolates have demonstrated indistinguishable strains [170,174,175]. Disinfection using chlorinated
products, without disruption of biofilm, only offers limited
control; a comprehensive cleaning initiative is required to
physically remove the biofilm lining the surfaces of affected
plumbing components [174,184]. These are often difficult to
access and require close collaboration between personnel with
hospital engineering and construction expertise.
Detergent-based cleaning might remove microbes, but will
not necessarily kill them [10]. Disinfectants are more effective
at killing pathogens than detergents but some hospital
pathogens can resist the bactericidal effect of particular agents
due to a number of resistance mechanisms [185,186]. Potential
cross-resistance between biocides and antimicrobial agents
should also be considered. No one single process will remove
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all relevant microbial soil from the hospital, despite innovative
products containing both detergent and disinfectant products.
There is substantial uncertainty regarding the impact of use of
specific disinfectants in the hospital environment, because
laboratory testing does not necessarily predict what actually
happens on hospital surfaces. Physical removal may be as
effective as using disinfectants for controlling environmental
microbes. MDR-Serratia marcescens can survive in chlorhexidine and Stenotrophomonas spp. have been linked with deionized water used for diluting ‘Savlon’TM concentrates containing
chlorhexidine (1–5%) and cetrimide (15%) [186]. Spray cleaning fluids can also become contaminated with GNB, including
Enterobacter cloacae, Acinetobacter, Klebsiella and Pseudomonas
spp. [187,188]. Eight out of ten samples from alcohol-containing cleaning fluids in daily hospital use were contaminated with
various GNB (mainly Pseudomonas spp.) [188]. Failure to clean
the spray containers properly on a daily basis meant that
domestic staff were effectively spraying the hospital floors with
a culture of Pseudomonas spp. Cleaning equipment may also
become contaminated with hospital pathogens and disperse
these into the hospital environment [161,189,190].
Innovative forms of cleaning and decontamination methods
for the healthcare environment are constantly appearing [158].
These have an impact on all environmental pathogens,
including spore-forming bacilli, but robust evidence supporting
their use for the control of MDR-GNB is lacking. There are
novel disinfectants such as electrolysed water, and automated
systems dispelling steam, hydrogen peroxide, ozone and
different types of UV light. Studies to evaluate the impact of
antimicrobial surfaces, such as steel, copper, silver and
nano-silver particles combined with light-activated titanium
dioxide have demonstrated equivocal results on environmental
contamination [191–196]. However, traditional cleaning methods should not be relaxed or abandoned even if new cleaning
systems are introduced as problems have occurred with some
of the methods mentioned [191,197–208].
EC in epidemic setting

The best evidence for cleaning is found in the studies on the
prevention or control of outbreaks of Acinetobacter spp. [209–
211]. One study provided a strong indication for the role of
cleaning during an outbreak caused by MDR-A. baumannii
involving more than 30 patients in two ICUs [209]. ICU
environmental contamination was recognized as an important
reservoir for this epidemic strain. The outbreak ceased only
after the ICUs were closed for complete cleaning and
disinfection. Another study examined the levels of environmental contamination with A. baumannii in a neurosurgical ICU
during a prolonged outbreak [163]. As with MRSA and
C. difficile, there were many near-patient hand-touch sites that
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yielded the epidemic strain. This study also demonstrated a
significant association between the amount of environmental
contamination and patient colonization. The conclusion was
that high standards of cleaning play an integral role in
controlling outbreaks of Acinetobacter in the ICU.
Acinetobacter can also be a persistent problem for burn
patients [212]. Following an increase in Acinetobacter infection
rates among paediatric burns patients, an environmental
screening programme recovered the organism from various
surfaces in the patients’ rooms including the plastic covers
shielding the bedside computer keyboards. IPC measures that
included donning of gloves before using computers and
thorough disinfection of these plastic covers effectively
terminated the outbreak [212].
Although environmental cleaning interventions have been
performed mainly to control outbreaks due to MDR-A. baumannii—albeit with controversial results—the literature also
includes reports of outbreaks of coliforms, pseudomonads
and Stenotrophomonas spp. traced to discrete pieces of
equipment, environmental sites or possibly specific cleaning
practice failures [151,161]. Identification and eradication of
the reservoir appeared to terminate the various outbreaks
caused by a wide range of MDR-GNB [170,174–
181,189,213,214]. The interventions have been many and
some involved the introduction or changing of a cleaning
regimen or complete removal of one or more suspected
items of equipment.
Recommendations
Epidemic setting
Strong recommendation: Monitor cleaning performance to
ensure consistent environmental cleaning (EC). Vacate
units for intensive cleaning. Implement regular EC
procedures and, when available, dedicate non-critical
medical items for use on individual patients colonized or
infected with extended-spectrum b-lactamase
Enterobacteriaceae and multidrug-resistant-Acinetobacter
baumannii (moderate level of evidence)

EC in endemic setting

There is little evidence for the role of cleaning for controlling
MDR-GNB in situations other than those of outbreaks
[215,216]. Staff working in an 11-bed ICU received an educational intervention to improve HH and EC [217]. This resulted in
a decrease in the number of patients colonized with ESBL-Enterobacteriaceae from 70% during a 3-month pre-intervention
period to 40% during a post-intervention period. This study was
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uncontrolled, however, comprised two interventions, and it is
possible that the initial high proportion of colonized patients
actually represented an underlying outbreak [217].
Interventions including EC and removal of potentially
contaminated equipment as components of a bundle of IPC
practices were performed in endemic settings for MDR-A. baumannii [212,214], ESBL-producing GNB [213] and
MDR-K. pneumoniae [179] but with different results. Following
the identification of a CRKP in a district general hospital in the
UK, cleaning of the ward using a chlorine-based agent was
carried out and patient-related items were cleaned at least
once a day by nursing staff [218]. Enhanced cleaning was only
part of the overall infection control package, however, along
with the use of a urinary catheter care bundle; patient note
tagging; HH emphasis; and CP for patient cases.
Recommendations
Endemic setting
Strong recommendation: Implement regular environmental
cleaning (EC) procedures and, when available, dedicate
non-critical medical items for use on individual patients
colonized or infected with multidrug-resistantAcinetobacter baumannii (moderate level of evidence)

The Role of Antimicrobial Stewardship to
Prevent Spread
Numerous papers have demonstrated that previous
antimicrobial drug exposure is a strong risk factor for
colonization and infection due to drug-resistant bacteria
[219–222]. Fluoroquinolones and third-generation cephalosporins have often been implicated in promoting the spread of
MDR-bacteria [220–222], although, the direct association
between antibiotic therapy and the acquisition of antibiotic-resistant bacteria is still unclear. The studies are often
confounded by scarce data on antibiotic usage and differ
according to microorganism, dosage, drug combinations,
timing of exposure and setting. A recent Cochrane systematic
review showed that interventions to reduce excessive
antibiotic prescribing to hospital inpatients can reduce
antimicrobial resistance or hospital-acquired infections and
interventions to increase effective prescribing can improve
clinical outcome [223].
One of the earlier illustrations of the efficacy of antibiotic
intervention is the work by Gerding et al. who, to address high
rates of gentamicin resistance among GNB, substituted
amikacin for gentamicin in the hospital formulary at two
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separate points in a 10-year time period at the Minneapolis
Veterans Affairs Medical Center [224]. A retrospective review
of this 10-year period revealed a significant decline in the rate
of gentamicin resistance among GNB following each substitution.
More recently, Ntagiopoulos et al. investigated the influence of an antibiotic policy programme based on the
restriction of the empirical use of fluoroquinolones and
ceftazidime on the susceptibilities of GNB in a general ICU in
Greece. After a 24-month period of protocol application,
consumption of both restricted antibiotics and antibiotics in
general were reduced by 92% and 55%, respectively. Susceptibilities to ciprofloxacin of the three predominant infection-causing GNB increased significantly. No differences were
observed in overall mortality and type of infections between
colonizing and infecting strains [225].
In another study from Turkey, a nationwide antibiotic
restriction programme was evaluated for its effect on antibiotic consumption, antimicrobial resistance and costs. The data
obtained from four university hospitals, and one referral
tertiary-care educational state hospital were included in the
analysis. Antimicrobial resistance profiles of 14 233 selected
microorganisms causing bacteraemia and antibiotic consumption were analysed, retrospectively. A negative correlation was
observed between ceftriaxone consumption and the prevalence of ceftriaxone-resistant E. coli and Klebsiella spp. The
decreased usage of carbapenems was correlated with
decreased CRPA and CRAB [226].
Interesting studies on the impact of an ABS programme on
antimicrobial resistance were those performed to reduce the
morbidity of C. difficile diarrhoea. In a study by Malani et al.
[227] in which there was a review of 510 antimicrobial orders,
implementation of an ABS programme was associated with a
50% reduction in the likelihood of developing C. difficile
infection, and with a 25.4% drop in defined daily doses of
the target antimicrobials. There is also increasing evidence to
suggest that appropriate antibiotic use can decrease the
incidence of MDR-GNB [228,229], even though data are
controversial [230].
There are different approaches to the control and limiting of
antibiotics consumption in hospitalized patients. Antibiotic
restriction, i.e. the requirement for approval of the antibiotic
from an infectious diseases specialist might be one of the most
effective control methods [231,232]. A variety of such use-justification approaches have been designed to improve antibiotic
use. These have included telephone approval from an infectious
diseases specialist, automatic stop orders, and antibiotic order
forms that require justification for the prescribed drug after
dispensing from the pharmacy. At the Indiana University Medical
Center a prior approval programme resulted in decreased
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enterococcal and GNB bacteraemia as well as fewer infections
due to Stenotrophomonas maltophilia and MRSA [233].
Kollef et al. [234] studied the effects of a scheduled change
in empiric antibiotic coverage of suspected GNB infection
from ceftazidime to ciprofloxacin in 680 patients who had
undergone cardiac surgery during two 6-month periods. The
study revealed a significant reduction of 42% in the incidence
of ventilator-associated pneumonia, presumably as the result
of a significant reduction in pneumonia caused by MDR-GNB.
Additionally Kollef et al. were able to demonstrate improved
antibiotic susceptibility profiles for Gram-negative isolates
(49% resistant before intervention versus 20% after) but did
not demonstrate a difference in crude mortality (5% versus
8%) or mortality attributed to ventilator-associated pneumonia
caused by MDR-GNB [234].
Antibiotic cycling or rotating (i.e. the scheduled alternation
of various classes of antibiotics) has been described as an
important strategy for decreasing resistance. The goal of
antibiotic cycling or rotation is a sustainable decline or
stabilization in antimicrobial resistance through successive,
prospective alterations in antibiotic selection pressures that
prevent the selection of specific resistance traits and hence,
organisms. Indeed, cycling of antibiotics in high-risk units can
successfully modify resistance patterns and the concept of
cycling is theoretically compelling [235,236]. Its usefulness,
however, may be limited because of concerns about practical
applicability and the durability of resistance genes [237,238].
Important unresolved issues include determining the superiority of site-specific versus organism-specific rotation strategies, optimal duration of rotation periods, types of
antibiotics used and in what order, and analysis of the
transmissibility of resistance elements in the various clones
on the units. Additional issues relate to whether rotation
could be effective also in units with low rates of resistance
and if it is possible to measure the ‘optimal density of
antibiotic use’ (i.e. number of doses/patient admissions or
days) that could be used to guide formulation of rotation
strategies [239].
The implementation of antibiotic guidelines or protocols
has been shown to be a formal means of achieving the goals
of appropriate antibiotic use, limiting unnecessary antibiotic
use and, as a result, improving antibiotic susceptibility
profiles [240]. Computer software has the potential to
assist in the appropriate choice of antibiotics. Although
computerized decision-support systems are not available at
many institutions, they should be considered as a paradigm
for the design of other computer-based interventions
[241,242]. In an Australian ICU the impact of the implementation of a computerized antibiotic decision support was
assessed over a 7-year period on the resistance patterns of
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the most common clinically isolated GNB. The authors
reported a significant improvement in susceptibility of
P. aeruginosa to imipenem (18% per year) and gentamicin
(12% per year) compared with the pre-intervention trend.
Significant changes in the rates of gentamicin and ciprofloxacin susceptibility were also observed in the inducible
Enterobacteriaceae group, although these were less clinically
significant [243].
One of the major issues when planning an intervention to
reduce inappropriate usage of antibiotics within healthcare
facilities is that clinical studies have often been limited by
selection biases, small sample sizes, limitation to single
institutions, inadequate pre-observation and post-observation
datum points, and failure to deal with confounders. As pointed
out by McGowan and Tenover, studies that demonstrate
improved susceptibilities following a reduction in antibiotic use
should be confirmed through multicentre prospective trials
that adjust for common confounding factors, especially
heightened IPC efforts and biases [244].
The aforementioned strategies can be incorporated into
comprehensive programmes, designed to optimize antimicrobial therapy, to improve patient outcomes, ensure cost-effective therapy and reduce the adverse effects associated with
antimicrobial use, including antimicrobial resistance. However,
a few studies included in their outcomes the evaluation of the
impact of an ABS programme on the resistance rate levels.
When ABS is implemented in response to the emergence of
resistance in a facility, in a multifaceted intervention, it is
difficult to determine exactly what resulted in the decrease in
the emergence of resistance.
ABS in epidemic setting

A broad programme of restriction of selected antibiotics was
implemented at a large urban teaching hospital in Houston,
Texas, USA after an outbreak of a highly resistant A. baumannii [245]. Prior authorization from the Infectious Disease
Service was required before orders for amikacin, ceftazidime,
ciprofloxacin and ticarcillin/clavulanate were filled by the
pharmacy. Ceftriaxone use was not restricted and its use
increased. As a result of the restriction programme, susceptibility rates to all b-lactam and quinolone antibiotics
increased, with the greatest improvements seen in the areas
of highest use. It is not clear why ceftriaxone susceptibility
improved despite its increased use. A computerized programme to restrict third-generation cephalosporin use was
introduced for a period of 9 months in a 750-bed university
hospital in Korea where a sudden hospital-wide increase of
ESBL-producing K. pneumoniae was detected. This system
automatically stopped the prescription of these antibiotics if
an infectious disease specialist did not approve the prescrip-
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tion. Third-generation cephalosporin use decreased significantly whereas use of carbapenems and b-lactam/b-lactamase
inhibitors increased from pre-intervention to intervention
periods. The proportion of ESBL-producing K. pneumoniae
isolates increased significantly from 8.1% in the pre-intervention period to 32.0% of intervention, and then decreased
again to 20.6% during a further 9 months of post-intervention. Interestingly, no significant increase in the proportion of
imipenem and piperacillin-tazobactam resistance among
P. aeruginosa and A. baumannii was observed. The most
important limitation of the study was the lack of consistency
in assessing the cause–effect relationship between antibiotic
restriction and resistance proportions due to the statistical
model (before–after study instead of interrupted time series)
and lack of adjustment for confounders [246].
Recommendations
Epidemic setting
Strong recommendation: Implement an antimicrobial
stewardship programme. Plan interventions of restriction
of antibiotic usage to reduce the spread of extendedspectrum b-lactamase-producing Enterobacteriaceae
(moderate level of evidence)
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with a decrease in the rate of cephalosporin-resistant
Klebsiella species by 44% [249,250] and a 69% increase in
imipenem resistance among P. aeruginosa. Under these
circumstances, an open formulary could have prevented the
dominant use of a single class of antibiotics and the
emergence of resistance to that class, a phenomenon dubbed
‘squeezing the resistance balloon’ by Burke [251]. Rahal et al.
concluded that antibiotic formulary restriction may positively
affect antimicrobial susceptibility patterns, but alone it may
also decrease the heterogeneity of antibiotic use and,
consequently, enhance resistance. The investigators, therefore, postulated later that ‘the resistance balloon can and
should be squeezed at multiple sites’ [252].

Recommendations
Endemic setting
Strong recommendation: Implement an antimicrobial
stewardship programme to reduce the spread of
extended-spectrum b-lactamase-producing Enterobacteriaceae (moderate level of evidence)

The Role of Decolonization and Topical
Chlorhexidine to Reduce Spread
ABS in endemic setting

Lautenbach et al. [247], in a study performed at two hospitals
within the University of Pennsylvania Health System,
observed that the association between previous quinolone
use and fluoroquinolone-resistant E. coli colonization varied
significantly by study year, suggesting that the clinical
epidemiology of resistant organisms may have changed over
time. No substantive changes were reported in the antimicrobial formulary or IPC protocols in the two study hospitals
during the investigation. A 5-year quasi-experimental study
was conducted in two hospitals to examine variations across
hospitals in the response to antimicrobial interventions (i.e.
restriction of ceftazidime and ceftriaxone) designed to curb
the spread of ESBL-producing E. coli and K. pneumoniae. After
the interventions, the prevalence of ESBL-producing bacteria
decreased by different degrees in the two centres. The effect
of antimicrobial formulary interventions seemed to vary
substantially across institutions, perhaps as a result of
differences in patient populations. The results suggest variability in the epidemiological profiles of ESBL-positive isolates
at different hospitals [247]. A time-series analysis showed a
temporal relationship between antimicrobial use and resistance [248]. Restriction of cephalosporins was associated

Decolonization regimens have been extensively studied in
patients colonized with MRSA while only a few clinical trials
focused on ESBL-producing Enterobacteriaceae [24,136,253–
255]. Recently the first randomized, placebo-controlled
clinical trial has been conducted in Switzerland to evaluate
the efficacy of a systematic ESBL-producing Enterobacteriaceae eradication strategy including colistin sulphate (50 mg
four times daily) and neomycin sulphate (250 mg four times
daily) for 10 days plus nitrofurantoin (100 mg three times
daily) for 5 days. Among 54 patients included in the primary
analysis, there was no statistically significant difference
between the groups with regard to the detection of
ESBL-producing Enterobacteriaceae by rectal swab 28+7 days
after the end of treatment. The regimen temporarily
suppressed ESBL-producing Enterobacteriaceae carriage, but
had no long-term effect.
Saidel-Odes et al. performed a randomized placebo-controlled trial using oral gentamicin and polymyxin E gel (0.5 g
four times daily) plus oral solutions of gentamicin (80 mg four
times daily) and polymyxin E (1 9 106 units four times daily)
for 7 days to eradicate CRKP oropharyngeal and gastrointestinal carriage. The percentages of rectal cultures that were
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negative for CRKP were significantly reduced at 2 weeks
(16.1% in the placebo arm versus 61.1% in the decolonization
arm; OR = 0.13; 95% CI, 0.02–0.74) while the reduction at
week 6 (33.3% versus 58.5%) was not significant [256].
Available evidence does not enable the authors of these
guidelines to provide recommendations on the usage of
decolonization protocols to limit the spread of MDR-GNB
among hospitalized patients. Further studies are needed to
define the microbiological target, patient populations, and risk
of development of resistance.
Chlorhexidine gluconate is an antiseptic agent with broad
antimicrobial activity. Daily bathing of patients with
chlorhexidine has been used to decrease the burden of
VRE on patients’ skin, HCWs’ hands and environmental
surfaces, and observational studies have demonstrated
decreased risks for MRSA acquisition associated with routine
cleansing of ICU patients with chlorhexidine [257]. Two
recently published cluster-randomized studies assessed the
impact of strategies involving daily cleansing of ICU patients
with 2% chlorhexidine gluconate-impregnated bathing cloths
[258,259]. Although both studies demonstrated a significant
reduction in ICU-associated bloodstream infection rates
associated with universal chlorhexidine cleansing, Climo et al.
did not find a statistically significant impact on bloodstream
infections due to GNB and Huang et al. did not specifically
assess Gram-negative bloodstream infection risk [258,259].
Although chlorhexidine bathing has also been used as a
strategy to prevent acquisition of MDR-GNB in both the
endemic and outbreak settings, the few studies that have
evaluated the impact of chlorhexidine bathing on MDR-GNB
have been single-centre, observational studies, and often
include other simultaneously implemented interventions
aimed at preventing MDR-GNB transmission. One study
assessed the impact of daily bathing of patients admitted to a
trauma centre’s ICU with 2% chlorhexidine gluconate-impregnated bathing cloths, and found a non-statistically
significant decrease in risk for colonization with A. baumannii
[260]. Daily bathing with 2% chlorhexidine has also been
used as one component of successful bundled interventions
used to control outbreaks of CRKP in long-term acute care
hospitals and ICUs [261,262].
Reduced susceptibility to chlorhexidine has been reported
among GNB [263], so sustained use of topical chlorhexidine as
a strategy to limit transmission of MDR-GNB should ideally be
accompanied by surveillance for the emergence of chlorhexidine resistance over time.
Available evidence does not enable the authors to derive
strong recommendations for the wide application of chlorhexidine in hospitalized patients colonized or infected with
MDR-GNB.
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The Role of Infrastructure and Education to
Reduce the Spread
A few papers included improvement of infrastructure in a
multifaceted approach to reduce the spread of MDR-GNB.
The most interesting example was reported from Israel
where the authors controlled a national outbreak of
MDR-K. pneumoniae with a multifaceted approach including
contact isolation measures and placement of patients carrying
CRE in self-contained nursing units staffed by dedicated
nurses, and isolation of known carriers at subsequent
hospitalization. Importantly, mandatory reporting to public
health authorities of every CRE patient and mandatory
isolation of those hospitalized were introduced. Furthermore,
compliance with isolation measures was monitored throughout the country by a central authority. Finally a Task Force
on Antimicrobial Resistance and Infection Control was
created that reported directly to the Ministry of Health
Deputy Director-General. The task force was invested with
the statutory authority to intervene as necessary to contain
the outbreak [127]. Although limited evidence was available
for such a generalization, the authors conclude that administrative support, including economic and human resources,
was essential to prevent and control MDR-GNB at a global
level.
Public health resources should support the initiation of IPC
interventions within hospitals. An IPC infrastructure should
include environmental personnel, such as estates, domestic
and janitorial representatives. National health programmes
should include a specific economic plan to support hospitals
with high-endemic MDR-GNB, providing resources for adequate staffing and training. The local application of IPC
measures should be supported by management of the healthcare facility by providing administrative and financial resources
(World Health Organization. Available at http://www.who.int/
csr/resources/publications/WHO_HSE_EPR_2009_1/en/).
Education becomes even more important as a key core
component to help reduce the transmission of MDR-GNB in
endemic or epidemic settings. There have been many interventions to reinforce HCWs’ knowledge of the importance of
IPC in outbreak settings. These have included educational
programmes ranging from local-unit to hospital-wide training
and from a few modules to daily staff meetings. Regular
education meetings held every 2–4 weeks with physicians,
nurses, physical therapists and students working in affected
areas were part of an effective bundle used to control endemic
A. baumannii in one study [81]. Diverse groups of practitioners
and professionals, i.e. doctors, nurses, respiratory technicians,
pharmacists and environmental service personnel need to be
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educated on core components of infection prevention and the
pivotal role that these play in preventing transmission of
MDR-GNB. In a study conducted in a mixed ICU of an
American 300-bed tertiary-care hospital, meetings were held
with the infection control and nursing staff to encourage strict
adherence to the ICP measures, including rectal surveillance
cultures, extensive EC and cohorting patients and staff. The
combined intervention was effective in reducing the incidence
of endemic CRKP [122]. During an outbreak of ESBL-producing K. pneumoniae, every day meetings between the ICU and
infection control teams were held to reinforce infarction
control measures previously failing to control the epidemic.
This intervention included in a multifaceted approach controlled the outbreak in 50 days [123].
Inter-professional education should facilitate learning new
practices together in a team setting, increasing likelihood of
uptake of the new practice behaviours, and greater understanding of team member roles. In particular, evidencebased interventions, combined with adaptive strategies and
behaviour change management processes, could help the
healthcare team to produce state-of-the-art infection prevention practices.
Recommendations
Epidemic setting
Strong recommendation: Conduct educational
programmes to ensure that healthcare workers
understand why extended-spectrum b-lactamaseEnterobacteriaceae are important epidemiologically, why
prevention of spread is critical for control, and which
measures for preventing spread have proven to be
effective (moderate level of evidence)
Endemic setting
Strong recommendation: Conduct educational
programmes to ensure that healthcare workers
understand why multidrug-resistant-Acinetobacter
baumannii is important epidemiologically, why prevention
of spread is critical for control, and which measures for
preventing spread have proven to be effective (moderate
level of evidence)

Recommendations
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differentiated into: ‘basic’ practices recommended for all
acute-care facilities, and ‘additional special approaches’ to be
considered when there is still clinical and/or epidemiological
and/or molecular evidence of ongoing transmission regardless of the application of these basic measures. Hospitals
should consider adopting one or more of these additional
measures according to the local epidemiology and patients’
comorbidities.
The evidence on basic practices was extracted from
literature that had mainly reported the control of hospital
spread of MDR-GNB in ‘endemic’ situations, whereas the
evidence for the additional measures was mainly taken from
‘outbreak’ control reports. Recommendations are presented
according to endemic and epidemic situations (see Table 1
for definitions), as literature differed in strategies shown to
be effective, according to the situation and are also
presented, where possible, by MDR-GNB type. When the
evidence was derived from studies not providing results by
type of microorganism, the level of evidence and recommendations are provided referring to MDR-GNB. The level
of evidence (very low/low/moderate/strong) and strength of
recommendation (conditional/strong) are defined according
to the GRADE approach (available from: http://www.gradeworkinggroup.org). Where the level of evidence and
recommendations are not provided it means that no
scientific evidence was available.
Tables 2 and 3 illustrate the GRADE approach and specific
definitions for determinants of quality and evidence that were
applied to extract the final recommendation. The cumulative
level of the evidence stratified by microorganisms and type of
intervention is shown in Tables 4–9.

The authors would like to point out that the revision of
evidence clearly shows ‘grey’ areas where studies with
appropriate design are urgently needed: CP for high-risk
patients (i.e. haematological or ICU patients) colonized or
infected with ESBL-producing E. coli, cohorting of patients
and staff, and ABS programme. The authors also underline
that since the current review was not able to produce
specific indications stratified by patients’ risk, because of
the lack of evidence, the application of these guidelines to
high-risk patients, e.g. ICU patients, burn patients, or
haematological patients, should be carefully locally evaluated according to ecology and patients’ comorbidities.

Recommendations are presented according to epidemiological setting (endemic versus epidemic situations) and
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TABLE 4. Quality of studies by intervention. Basic measures to reduce the spread of multidrug-resistant
(MDR)-Klebsiella pneumoniae and extended-spectrum b-lactamase (ESBL)-producing Enterobacteriaceae in
hospitalized adult patients: recommended for all acute-care facilities in endemic setting
Microorganism

MDR-K. pneumoniae

ESBL-producing Enterobacteriaceae

Quality of studies [ref.]

Quality of studies [ref.]

Very
low

Overall
quality
of
evidence

2 [122,265] –
1 [122] –
2 [122,265] –

–
–
–

Moderate
Moderate
Moderate

2 [137,266]
1 [266]
3 [136,137,266]

1 [267] –
1 [267] –
1 [267] –

Moderate
Moderate
Moderate

1 [265] –
2 [122,265] –

–
–

Moderate
Moderate

1 [137]
1 [137]

1 [267] –
– –

Moderate
Moderate

–

Moderate 4 [136,268,270,271] 2 [267,272] 1 [273] Moderate

Intervention

Moderate

Hand hygiene
Education
Contact
precautions
Isolation room
Environmental
cleaning
Antimicrobial
stewardship

Low

1 [268] 1 [269]

Moderate

Very
low

Low

Overall quality
of evidence

TABLE 5. Quality of studies by intervention. Basic measures to reduce the spread of multidrug-resistant (MDR)-Acinetobacter baumannii and MDR-Pseudomonas aeruginosa in hospitalized adult patients: recommended for all acute-care
facilities in endemic setting
Microorganism

MDR-A. baumannii

MDR-P. aeruginosa

Quality of studies
Intervention

Moderate

Hand hygiene
Education
Contact precautions
Isolation room
Environmental
cleaning
Antimicrobial
stewardship

4 [81,122,153,157] 1 [274]
4 [81,122,153,157] 1 [274]
4 [81,122,153,157] –
1 [81] –
4 [81,122,153,157] –

Low

1 [268] 2 [269,272]

Quality of studies

Very
low

Overall
quality
of
evidence

–
–
–
–
–

Moderate
Moderate
Moderate
Moderate
Moderate

2 [122,275]
1 [122]
1 [122]
–
1 [122]

–

Moderate

2 [268,275] 2 [269,272] –

Moderate

Very
low

Low

1 [274] –
1 [274] –
– –
– –
– –

Overall
quality
of
evidence

Moderate
Moderate
Moderate
Insufficient
Moderate
Moderate

TABLE 6. Quality of studies by intervention. Basic measures to reduce the spread of Stenotrophomonas maltophilia
and Burkholderia cepacia in hospitalized adult patients: recommended for all acute-care facilities in endemic setting
Microorganism

S. maltophilia

B. cepacia

Quality of studies

Quality of studies

Intervention

Moderate

Low

Very low

Overall quality
of evidence

Hand hygiene
Education
Contact precautions
Isolation room
Environmental cleaning
Antimicrobial stewardship

–
–
–
–
–
–

–
–
–
–
–
1 [272]

–
–
–
–
–
–

Insufficient
Insufficient
Insufficient
Insufficient
Insufficient
Low

Moderate

Low

Very low

Overall quality
of evidence

–
–
–
–
–
–

–
–
–
–
–
–

–
–
–
–
–
–

Insufficient
Insufficient
Insufficient
Insufficient
Insufficient
Insufficient
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CP, contact precautions.

–
2
2
–
3
3
–
1
2
1
1
–

–
1 [126]
2 [125,126]
–
3 [125–127]
2 [126,127]
3 [125–127]
2 [126,127]
2 [126,127]
1 [126]
–
–

Hand hygiene
Education
Active surveillance cultures
Healthcare workers screening
Contact precautions
Isolation room
Pre-emptive CP/alert code
Cohort patients
Cohort staff
Environmental cleaning
Environmental screening
Antimicrobial stewardship
[285]
[285,287]
[285]
[285]

[285–287]
[285–287]

[285,286]
[286,287]

Low

Moderate

3
2
2
–
3
1
1
2
2
1
–
3
[276–278]

[276–278]
[278]
[278]
[277,278]
[277,278]
[278]

[276–278]
[277,278]
[277,278]

Very low

Very low
Moderate
Moderate
Insufficient
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Low
Very low

3 [123,124,279]
3 [123,124,279]
2 [123,124]
–
3 [123,124,279]
3 [123,124,279]
2 [123,124]
1 [123]
1 [123]
2 [123,279]
1 [279]
2 [123,246]

Moderate

5 [48,280–283]
5 [48,128,281,282,288]
5 [48,128,264,280,281]
2 [128,280]
6 [48,128,264,281–283]
4 [128,280,281,283]
2 [280,281]
5 [48,128,281–283]
1 [128]
6 [48,128,264,280,281,283]
3 [48,264,280]
3 [281,282,288]

Low

Quality of studies

Quality of studies
Overall quality
of evidence

ESBL-producing Enterobacteriaceae

MDR-K. pneumoniae

Intervention

Microorganism

3 [62,217,284]
1 [217]
1 [217]
1 [62]
3 [62,217,284]
2 [62,284]
–
–
–
2 [217,284]
1 [62]
1 [284]

Very low

Moderate
Moderate
Moderate
Low
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate

Overall
qualityof
evidence

TABLE 7. Quality of studies by intervention. Basic and additional measures to reduce the spread of multidrug-resistant (MDR)-Klebsiella pneumoniae and
extended-spectrum b-lactamase (ESBL)-producing Enterobacteriaceae in hospitalized adult patients: recommended for all acute-care facilities in
epidemic setting
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CP, contact precautions.

Cohort staff
Environmental
cleaning
Environmental
screening
Antimicrobial
stewardship

–

Pre-emptive CP/alert
code
Cohort patients

1 [289]

2 [289,309]

–
1 [289]

–

–

2 [289,309]

–

1 [309]

2 [289,309]

1 [289]

5 [156,290–292,294]
11 [129,131,134,156,
214,290–294,311]
10 [129,131,134,156,
214,290–292,294,311]
2 [214,290]

5 [156,290,292–294]

9 [129,131,134,
214,290–294]
7 [129,131,134,
156,290,293,294]
6 [129,131,156,
292,294,311]
5 [129,131,214,
290,294]
11 [129,131,134,1
56,214,290–294,311]
9 [129,131,156,
290–294,311]
–
6 [130,141,299,
301–303]
4 [130,141,301,303]
10 [130,295,
297–303,310]
10 [141,295–299,
301–303,310]
3 [130,141,297]

–

6 [297–299,301,
302,310]
12 [130,141,295–303,
310]
7 [141,296–301]

–

1 [314]

Moderate
Moderate

–
1 [314]

–

–

1 [314]

–

2 [304,305]

–
2 [304,305]

–

–

–

2 [304,305]

–

–

–

–

–

–

–

2 [304,305]
–

Low

Moderate

MDR-P. aeruginosa
Quality of studies

Low
Moderate

Low

Insufficient

Low

Moderate

Very low

Moderate

Moderate

4 [297,299,302,310]
2 [141,298]

Moderate

10 [130,295–303]

Very low

Overall
quality of
evidence

3 [306,308,312]

4 [306,307,312,313]

1 [306]
2 [306,307]

1 [307]

1 [313]

4 [306,307,312,313]

3 [307,312,313]

–

2 [306,308]

2 [306,307]

3 [306–308]

Very low

Very low

Low

Very low
Moderate

Very low

Very low

Low

Very low

Insufficient

Very low

Very low

Very low

Overall
quality of
evidence

Tacconelli et al.

Isolation room

Active surveillance
cultures
Healthcare workers
screening
Contact precautions

Education

Hand hygiene

Moderate

Intervention
Low

MDR-A. baumannii
Quality of studies

Microorganism

TABLE 8. Quality of studies by intervention. Basic and additional measures to reduce the spread of multidrug-resistant (MDR)-Acinetobacter baumannii
and MDR-Pseudomonas aeruginosa in hospitalized adult patients: recommended for all acute-care facilities in epidemic setting
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TABLE 9. Quality of studies by intervention. Basic and additional measures to reduce the spread of Stenotrophomonas maltophilia and Burkholderia cepacia in hospitalized adult patients: recommended for all acute-care
facilities in epidemic setting
Microorganism

S. maltophilia
Quality of studies

B. cepacia
Quality of studies

Intervention

Moderate

Low

Very
low

Overall
quality
of
evidence

Hand hygiene
Education
Active surveillance cultures
Healthcare workers
screening
Contact precautions
Isolation room
Pre-emptive CP/alert code
Cohort patients
Cohort staff
Environmental cleaning
Environmental screening
Antimicrobial stewardship

1 [315]
1 [315]
–
–

–
–
–
–

–
–
–
–

Moderate
Moderate
Insufficient
Insufficient

–
–
–
–

1 [315]
–
–
–
–
1 [315]
1 [315]
–

–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–

Moderate
Insufficient
Insufficient
Insufficient
Insufficient
Moderate
Moderate
Insufficient

–
–
–
–
–
–
–
–

Moderate

Low

Very low

1 [316]
1 [88]
–
–

2 [317,318]
1 [318]
1 [319]
–

Overall
quality of
evidence

Very low
Very low
Very low
Insufficient

2 [88,320]
1 [317] Low
–
– Insufficient
–
– Insufficient
1 [316]
– Low
–
– Insufficient
1 [320] 4 [317–319,321] Very low
3 [88,316,320] 4 [317–319,321] Very low
–
– Insufficient

CP, contact precautions.

Basic recommendations in endemic situation: ESBL-producing Enterobacteriaceae

Intervention

Evidence

Recommendation

Note

Hand hygiene
(HH)

Moderate

Strong

Implement HH education programmes to reduce the
transmission of ESBL+Enterobacteriaceae. HCWs
should be encouraged to perform HH with an
alcohol-based hand rub before and after all patient
contacts. Soap and water hand washing is required
when hands are visibly soiled, e.g. with body fluids or
excretions. Monitoring of HH compliance and feedback
to HCWs should be performed to achieve greater
compliance. Detailed indications on how to monitor
and improve HH compliance are provided by the WHO
guidelines (level of recommendation ranked as IA–IB)
(available from: http://www.who.int/gpsc/5may/tools/
9789241597906/en/). The use of artificial nails should
be prohibited.

Contact
precautions
(CP) (with the
exception of
Escherichia coli)1

Moderate

Strong

Implement CP for all colonized patient encounters, in all
hospital settings, so as to reduce the risk of acquisition.
HCWs caring for patients colonized or infected with
ESBL+Enterobacteriaceae should wear gloves and
gowns before entering the room and should remove
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1 (Continued)
Intervention

Evidence

Recommendation

Note

these promptly after care and then perform HH. There
should be audit of adherence to CP to ensure that
interventions are being correctly performed to increase
the chances of success. There is no evidence available
to provide recommendation on when to discontinue
CP and for, or against the implementation of droplet
precautions when entering the room of patients
receiving CP.
Alert code
(previous
positive) and
pre- emptive CP
(with the
exception of
E. coli)1

Moderate

Conditional

Use alert code to identify promptly patients already
known as colonized at, hospital/ward admission and
perform screening and pre-emptive CP. Implement
pre-emptive CP for patients admitted from ICU or
other wards with cases of ESBL+Enterobacteriaceae
already detected.

Isolation room
(with the
exception of
E. coli)1

Moderate

Conditional

Isolate colonized and infected patients in a single room
to reduce the risk of acquisition of ESBL+
Enterobacteriaceae. The implementation of isolation
room should include monitoring for possible
deleterious effects, such as clinical complications due to
the reduction in contacts with doctors and nurses,
decreases in the quality of life, and possible
psychological adverse effects.

Education

Moderate

Conditional

Conduct educational programmes to ensure that HCWs
understand why ESBL+Enterobacteriaceae are
important epidemiologically, why prevention of spread
is critical for control, and which measures for
preventing spread have proven to be effective. Ensure
regular multidisciplinary meetings to implement
interventions, to review adherence audit and to report
local data and feedback to all HCWs and other relevant
staff.

Environmental
cleaning (EC)

Moderate

Conditional

Implement regular EC procedures, which include
detergents or disinfectants, depending on local practice
in order to reduce the transmission rate. Ensure
cleaning of patient care equipment and the
environment. When available, dedicate non-critical
medical items for use on individual patients colonized
or infected with ESBL+Enterobacteriaceae. Shared
equipment should be disinfected between use on
different patients.
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1 (Continued)
Intervention

Evidence

Recommendation

Note

Antimicrobial
stewardship
(ABS)

Moderate

Strong

Implement an ABS programme. Consider interventions
that limit the use of specific antimicrobial agents based
on the patients’ comorbidities.

Infection
prevention and
control (IPC)
infrastructure

NA

There is no evidence available to provide
recommendations for, or against, the intervention.
However, the authors suggest provision of
administrative support, including economic and human
resources, to prevent and control
ESBL+Enterobacteriaceae transmission within the
healthcare facility. Use public health resources to
support the initiation of IPC interventions within
hospitals. An IPC infrastructure should include
environmental personnel, such as estates, domestic and
janitorial representatives.

ESBL, extended-spectrum b-lactamase; HCW, healthcare worker; MDR, multidrug-resistant; NA, not available. 1In high-risk
areas such as intensive-care units (ICU), burn units and haematological units there is no evidence in favour or against the
implementation of CP in patients colonized or infected with ESBL-producing Escherichia coli.
Basic recommendations in endemic situation: MDR-Klebsiella pneumoniae

Intervention

Evidence

Recommendation

Note

Hand hygiene
(HH)

Moderate

Strong

Implement HH education programmes to reduce the
transmission of MDR-K. pneumoniae. HCWs should be
encouraged to perform HH with an alcohol-based hand
rub before and after all patient contacts. Soap and
water hand washing is required when hands are visibly
soiled, e.g. with body fluids or excretions. Monitoring of
HH compliance and feedback to HCWs should be
performed to achieve greater compliance. Detailed
indications on how to monitor and improve HH
compliance are provided by the WHO guidelines (level
of recommendation ranked as IA-IB) (available from:
http://www.who.int/gpsc/5may/tools/9789241597906/
en/). The use of artificial nails should be prohibited.

Contact
precautions
(CP)

Moderate

Strong

Implement CP for all colonized patient encounters, in all
hospital settings, so as to reduce the risk of acquisition.
HCWs caring for patients colonized or infected with
MDR-K. pneumoniae should wear gloves and gowns
before entering the room and should remove these
promptly after care and then perform HH. There
should be audit of adherence to CP to ensure that
interventions are being correctly performed to increase
the chances of success. There is no evidence available
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1 (Continued)
Intervention

Evidence

Recommendation

Note

to provide recommendation on when to discontinue
CP and for, or against, the implementation of droplet
precautions when entering the room of patients
receiving CP.
Alert code
(previous
positive) and
pre-emptive CP

Moderate

Conditional

Use alert code to identify promptly patients already
known as colonized at hospital/ward admission and
perform screening and pre-emptive CP.

Isolation room

Moderate

Strong

Isolate colonized and infected patients in a single room to
reduce the risk of acquisition of MDR-K. pneumoniae.
The implementation of isolation room should include
monitoring for possible deleterious effects, such as
clinical complications due to the reduction in contacts
with doctors and nurses, decreases in the quality of life,
and possible psychological adverse effects.

Education

Moderate

Conditional

Conduct educational programmes to ensure that HCWs
understand why MDR-K. pneumoniae is important
epidemiologically, why prevention of spread is critical
for control, and which measures for preventing spread
have proven to be effective. Ensure regular
multidisciplinary meetings to implement interventions,
to review adherence audit, to report local data and
feedback to all HCWs and other relevant staff.

Environmental
cleaning (EC)

Moderate

Conditional

Implement regular EC procedures, which include
detergents or disinfectants, depending on local practice
to reduce the transmission rate. Ensure cleaning of
patient care equipment and the environment. When
available, dedicate non-critical medical items for use on
individual patients colonized or infected with
MDR-K. pneumoniae. Shared equipment should be
disinfected between use on different patients.

Antimicrobial
stewardship
(ABS)

Moderate

Conditional

Implement an ABS programme. Consider interventions
that limit the use of specific antimicrobial agents based
on patients’ case-mix.

Infection
prevention and
control (IPC)
infrastructure

NA

There is no evidence available to provide recommendations for, or against, the intervention. However, the
authors suggest provision of administrative support,
including economic and human resources, to prevent
and control MDR-K. pneumoniae transmission within
the healthcare facility. Use public health resources to
support the initiation of IPC interventions within
hospitals. An IPC infrastructure should include
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1 (Continued)
Intervention

Evidence

Recommendation

Note

environmental personnel, such as estates, domestic and
janitorial representatives.
HCW, healthcare worker; MDR, multidrug-resistant; NA, not available.
Basic recommendations in endemic situation: MDR-Pseudomonas aeruginosa

Intervention

Evidence

Recommendation

Note

Hand hygiene
(HH)

Moderate

Strong

Implement HH education programmes to reduce the
transmission of MDR-P. aeruginosa. HCWs should be
encouraged to perform HH with an alcohol-based hand
rub before and after all patient contacts. Soap and
water hand washing is required when hands are visibly
soiled, e.g. with body fluids or excretions. Monitoring of
HH compliance and feedback to HCWs should be
performed to achieve greater compliance. Detailed
indications on how to monitor and improve HH
compliance are provided by the WHO guidelines (level
of recommendation ranked as IA-IB) (available from:
http://www.who.int/gpsc/5may/tools/9789241597906/
en/). The use of artificial nails should be prohibited.

Contact
precautions
(CP)

Moderate

Strong

Implement CP for all colonized patient encounters, in all
hospital settings, so as to reduce the risk of acquisition.
HCWs caring for patients colonized or infected with
MDR-P. aeruginosa should wear gloves and gowns
before entering the room and should remove these,
promptly after care and then perform HH. There
should be audit of adherence to CP to ensure that
interventions are being correctly performed to increase
the chances of success. There is no evidence available
to provide recommendations on when to discontinue
CP and for, or against, the implementation of droplet
precautions when entering the room of patients
receiving CP.

Alert code
(previous
positive) and
pre-emptive CP

NA

Isolation room

NA

There is no evidence available to provide recommendations for, or against, the intervention.

Conditional

Regardless of the availability of evidence specifically
related to P. aeruginosa, the authors of these guidelines
believed that there was sufficient evidence for the value
of an isolation room as demonstrated for other
microorganisms, including other MDR microorganisms,
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1 (Continued)
Intervention

Evidence

Recommendation

Note

to also recommend this approach here until studies
show otherwise.
Education

Moderate

Conditional

Conduct educational programmes to ensure that HCWs
understand why P. aeruginosa is important epidemiologically, why prevention of spread is critical for
control, and which measures for preventing spread
have proven to be effective. Ensure regular
multidisciplinary meetings to implement interventions,
to review adherence audit, to report local data and
feedback to all HCWs and other relevant staff.

Environmental
cleaning (EC)

Moderate

Conditional

Implement regular EC procedures, which include
detergents or disinfectants, depending on local practice
to reduce the transmission rate. Ensure cleaning of
patient care equipment and the environment. When
available, dedicate non-critical medical items for use on
individual patients colonized or infected with
MDR-P. aeruginosa. Shared equipment should be
disinfected between use on different patients.

Antimicrobial
stewardship
(ABS)

Moderate

Conditional

Implement an ABS programme. Consider interventions
that limit the use of specific antimicrobial agents based
on patients’ case-mix.

Infection
prevention and
control (IPC)
infrastructure

NA

There is no evidence available to provide recommendations for, or against, the intervention. However, the
authors suggest provision of administrative support,
including economic and human resources, to prevent
and control MDR-P. aeruginosa transmission within the
healthcare facility. Use public health resources to
support the initiation of IPC interventions within
hospitals. An IPC infrastructure should include
environmental personnel such as estates, domestic and
janitorial representatives.

HCW, healthcare worker; MDR, multidrug-resistant; NA, not available.
Basic recommendations in endemic situation: MDR-Acinetobacter baumannii

Intervention

Evidence

Recommendation

Note

Hand hygiene
(HH)

Moderate

Strong

Implement HH education programmes to reduce the
transmission of MDR-A. baumannii. HCWs should be
encouraged to perform HH with an alcohol-based hand
rub before and after all patient contacts. Soap and
water hand washing is required when hands are visibly
soiled, e.g. with body fluids or excretions. Monitoring of
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1 (Continued)
Intervention

Evidence

Recommendation

Note

HH compliance and feedback to HCWs should be
performed to achieve greater compliance. Detailed
indications on how to monitor and improve HH
compliance are provided by the WHO guidelines (level
of recommendation ranked as IA-IB) (available from:
http://www.who.int/gpsc/5may/tools/9789241597906/
en/). The use of artificial nails should be prohibited.
Contact
precautions
(CP)

Moderate

Strong

Implement CP for all colonized patient encounters, in all
hospital settings, so as to reduce the risk of acquisition.
HCWs caring for patients colonized or infected with
MDR-A. baumannii should wear gloves and gowns
before entering the room and should remove these
promptly after care and then perform HH. There
should be audit of adherence to CP to ensure that
interventions are being correctly performed to increase
the chances of success. There is no evidence available
to provide recommendations on when to discontinue
CP and for, or against, the implementation of the usage
of droplet precautions when entering the room of
patients receiving CP.

Alert code
(previous
positive) and
pre-emptive CP

Moderate

Strong

Use alert code to identify promptly patients already
known as colonized at hospital/ward admission and
perform screening and pre-emptive CP.

Isolation room

Moderate

Strong

Isolate colonized and infected patients in a single room to
reduce the risk of acquisition of MDR-A. baumannii. The
implementation of isolation room should include
monitoring for possible deleterious effects such as
clinical complications due to the reduction in contacts
with doctors and nurses, decreases in the quality of life,
and possible psychological adverse effects.

Education

Moderate

Strong

Conduct educational programmes to ensure that HCWs
understand why MDR-A. baumannii is important
epidemiologically, why prevention of spread is critical
for control, and which measures for preventing spread
have proven to be effective. Ensure regular
multidisciplinary meetings to implement interventions,
to review adherence audit and to report local data and
feedback to all HCWs and other relevant staff.

Environmental
cleaning (EC)

Moderate

Strong

Implement regular EC procedures, which include
detergents or disinfectants, depending on local practice
to reduce the transmission rate. Ensure cleaning of
patient care equipment and the environment. When
available, dedicate non-critical medical items for use on
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1 (Continued)
Intervention

Evidence

Recommendation

Note

individual patients colonized or infected with
MDR-A. baumannii. Shared equipment should be
disinfected between use on different patients.
Antimicrobial
stewardship
(ABS)

Moderate

Infection
prevention and
control (IPC)
infrastructure

NA

Conditional

Implement an ABS programme. Consider interventions
that limit the use of specific antimicrobial agents based
on patients’ case-mix.
There is no evidence available to provide
recommendations for or against the intervention.
However, the authors suggest provision of
administrative support, including economic and human
resources, to prevent and control MDR-A. baumannii
transmission within the healthcare facility. Use public
health resources to support the initiation of IPC
interventions within hospitals. An IPC infrastructure
should include environmental personnel, such as
estates, domestic and janitorial representatives.

HCW, healthcare worker; MDR, multidrug-resistant; NA, not available.

Basic recommendations in endemic situation: Burkholderia cepacia
There is no evidence available to provide recommendations for, or against, any intervention. However, regardless of the
availability of evidence specifically related to B. cepacia, the authors of these guidelines believed that there was sufficient
evidence for the value of effective HH as demonstrated for other microorganisms, including other MDR microorganisms, to
also recommend this approach here until studies show otherwise.

Basic recommendations in endemic situation: Stenotrophomonas maltophilia
Intervention

Evidence

Recommendation

Hand hygiene (HH)

Insufficient Strong

Note

Regardless of the availability of evidence specifically related to
S. maltophilia, the authors of these guidelines believed that there
was sufficient evidence for the value of effective HH as
demonstrated for other microorganisms, including other MDR
microorganisms, to also recommend this approach here until
studies show otherwise. Implement HH education programmes
to reduce the transmission of S. maltophilia. HCWs should be
encouraged to perform HH with an alcohol-based hand rub
before and after all patient contacts. Soap and water hand
washing is required when hands are visibly soiled, e.g. with body
fluids or excretions. Monitoring of HH compliance and feedback
to HCWs should be performed to achieve greater compliance.
Detailed indications on how to monitor and improve HH
compliance are provided by the WHO guidelines (level of
recommendation ranked as IA-IB) (available from: http://www.
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Intervention

Evidence

Recommendation

Note

who.int/gpsc/5may/tools/9789241597906/en/). The use of
artificial nails should be prohibited.
Contact precautions (CP)

NA

There is no evidence available to provide recommendations for,
or against, the intervention.

Isolation room

NA

There is no evidence available to provide recommendations for,
or against, the intervention.

Alert code (previous
positive) and
pre-emptive CP

NA

There is no evidence available to provide recommendations for,
or against, the intervention.

Education

NA

There is no evidence available to provide recommendations for,
or against, the intervention.

Environmental cleaning
(EC)

NA

There is no evidence available to provide recommendations for,
or against, the intervention.

Antimicrobial stewardship
(ABS)

Low

Infection prevention and
control (IPC)
infrastructure

NA

Conditional

Implement an ABS programme. Consider interventions that limit
the use of specific antimicrobial agents based on patients’
case-mix.
There is no evidence available to provide recommendations for,
or against, the intervention. However, the authors suggest
provision of administrative support, including economic and
human resources, to prevent and control S. maltophilia
transmission within the healthcare facility. Use public health
resources to support the initiation and support for IPC
interventions within hospitals. An IPC infrastructure should
include environmental personnel, such as estates, domestic and
janitorial representatives.

NA, not available.
Basic and additional specific approaches in outbreak situation: ESBL-producing Enterobacteriaceae
Intervention

Evidence

Recommendation

Hand hygiene (HH)

Moderate Strong

Note

Implement HH education programmes to reduce the transmission
of ESBL+Enterobacteriaceae. HCWs should be encouraged to
perform HH with an alcohol-based hand rub before and after all
patient contacts. Soap and water hand washing is required when
hands are visibly soiled, e.g. with body fluids or excretions.
Monitoring of HH compliance and feedback to HCWs should be
performed to achieve greater compliance. Detailed indications on
how to monitor and improve HH compliance are provided by the
WHO guidelines (level of recommendation ranked as IA-IB)
(available from: http://www.who.int/gpsc/5may/tools/
9789241597906/en/). The use of artificial nails should be
prohibited.
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1 (Continued)
Intervention

Evidence

Recommendation

Active screening cultures
(ASC)

Moderate Strong

Implement a programme of ASC at hospital admission followed by
CP to reduce the rate of colonization with ESBL+Enterobacteriaceae. Screening cultures should use stool samples or swab
samples from the rectum or perirectal area as well as samples
from the inguinal area and manipulated sites, e.g. catheters and
areas of broken skin such as wounds. The frequency of screening
cultures should be based on the local prevalence of the
microorganism, patient colonization risk, and the case mix of the
unit. Consider performing ASC at the time of hospital admission
for high-risk patients or for all patients in high-risk units such as
cancer or ICU wards, according to local incidence or prevalence
data. Admission, discharge and weekly patient screening might
also be considered to provide feedback to HCWs and to assess
the effectiveness of interventions. Periodic (e.g. weekly) ASC
might be performed for patients remaining in the hospital at high
risk for carriage of MDR-GNB because of ward type (ICU),
prolonged antibiotic(s) therapy, underlying disease, long duration
of stay, presence of devices and surgery. Before transferring
patients with ESBL+Enterobacteriaceae to other healthcare
facilities (acute and non-acute care) ensure communication of
ESBL+Enterobacteriaceae status.

Contact precautions (CP)

Moderate Strong

Implement CP for all colonized patient encounters, in all hospital
settings, so as to reduce the risk of acquisition. HCWs caring for
patients colonized or infected with ESBL+Enterobacteriaceae
should wear gloves and gowns before entering the room and
should remove these promptly after care and then perform HH.
There should be audit of adherence to CP to ensure that
interventions are being correctly performed to increase the
chances of success. Evidence for when to discontinue CP, in
patients colonized with ESBL+Enterobacteriaceae, is
heterogeneous and derives from two interventions implementing
CP during all hospitalization or until two negative cultures are
obtained. There is no evidence available to provide
recommendations for, or against, the implementation of droplet
precautions to enter the room of patients in CP.

Moderate Strong
Alert code (previous
positive) and pre-emptive
CP

Use alert code to identify promptly patients already known as
colonized at hospital/ward admission and perform screening and
pre-emptive CP. Implement pre-emptive CP for patients
admitted from ICU or wards with cases of
ESBL+Enterobacteriaceae already detected.

Cohort patients

Cohort patients with the same ESBL+Enterobacteriaceae in
designated areas.

Moderate Conditional

Note
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Intervention

Evidence

Recommendation

Cohort staff

Moderate Conditional

Cohort staff to reduce the risk of acquisition of
ESBL+Enterobacteriaceae.

Isolation room

Moderate Strong

Isolate colonized and infected patients in a single room to reduce
the risk of acquisition. The implementation of isolation room
should include monitoring for possible deleterious adverse
effects such as clinical complications due to the reduction in
contacts with doctors and nurses, decreases in the quality of life,
and possible psychological adverse effects.

Education

Moderate Strong

Conduct educational programmes to ensure that HCWs
understand why ESBL+Enterobacteriaceae are important
epidemiologically, why prevention of spread is critical for control,
and which measures for preventing spread have proven to be
effective. Ensure regular multidisciplinary meetings to implement
interventions, to review adherence audit, to report local data and
feedback to all HCWs and other relevant staff.

Environmental cleaning
(EC)

Moderate Strong

Monitor cleaning performance to ensure consistent EC. Vacate
units for intensive cleaning. Review use of disinfectant agents,
methods and meticulousness of cleaning, dilutions and contact
time of the hospital cleaning procedures. Implement EC
procedures with audit and feedback to reduce transmission of
ESBL+Enterobacteriaceae. Specify in protocols which items are
to be disinfected, which disinfectant to use, and how often items
need to be disinfected. Dedicate the use of non-critical
patient-care equipment to a single patient or cohort of patients
infected or colonized with ESBL+Enterobacteriaceae. Specific
protocols for the disinfection of endoscopes and respiratory
equipment should be implemented locally. Consider closure
of the ward or the unit to new admissions in order also to
facilitate cleaning until there is evidence of control of
transmission.

Environmental screening

Moderate Conditional

Perform environmental sampling from surfaces (mattresses, beds,
bedside tables, tables, chairs, armchairs, washbasins, window sills)
that had been in contact with patients colonized or infected by
ESBL+Enterobacteriaceae.

Antimicrobial stewardship
(ABS)

Moderate Strong

Plan interventions of restriction of antibiotic usage to reduce the
spread of ESBL+Enterobacteriaceae.

Healthcare-workers
(HCWs) screening

Low

Screen HCWs for ESBL+Enterobacteriaceae if they are
epidemiologically linked to a cluster of cases.

Chlorhexidine gluconate
for patient bathing

NA

Conditional

Note

There is no evidence available to provide recommendations for, or
against, the intervention.
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Intervention

Evidence

Recommendation

Infection prevention and
control (IPC)
infrastructure

Moderate Conditional

Note

Provide administrative support, including economic and human
resources, to prevent and control ESBL+Enterobacteriaceae
outbreak transmission.

ESBL, extended-spectrum b-lactamase; HCW, healthcare worker; MDR, multidrug-resistant; NA, not available.
Basic and additional specific approaches in outbreak situation: MDR-Klebsiella pneumoniae
Intervention

Evidence

Recommendation

Note

Hand hygiene (HH)

Very low

Strong

Regardless of the availability of very low level of evidence
specifically related to K. pneumoniae, the authors of these
guidelines believed that there was sufficient evidence for the
value of effective HH as demonstrated for other microorganisms,
including other MDR microorganisms, to also recommend this
approach here until studies show otherwise.
Implement HH education programmes to reduce the
transmission of MDR-K. pneumoniae. HCWs should be
encouraged to perform HH with an alcohol-based hand rub
before and after all patient contacts. Soap and water hand
washing is required when hands are visibly soiled, e.g. with body
fluids or excretions. Monitoring of HH compliance and feedback
to HCWs should be performed to achieve greater compliance.
Detailed indications on how to monitor and improve HH
compliance are provided by the WHO guidelines (level of
recommendation ranked as IA-IB) (available from: http://www.
who.int/gpsc/5may/tools/9789241597906/en/). The use of
artificial nails should be prohibited.

Active screening cultures
(ASC)

Moderate Strong

Implement a programme of ASC at hospital admission followed by
CP to reduce the rate of colonization with MDR-K. pneumoniae.
Screening cultures should use stool samples or swab samples
from the rectum or perirectal area as well as samples from the
inguinal area and manipulated sites, e.g. catheters and areas of
broken skin such as wounds. The frequency of screening cultures
should be based on the local prevalence of the microorganism,
patient colonization risk, and the case mix of the unit. Consider
performing ASC at the time of hospital admission for high-risk
patients or for all patients in high-risk units such as cancer or ICU
wards, according to local incidence or prevalence data.
Admission, discharge and weekly patient screening might also be
considered to provide feedback to HCWs and to assess the
effectiveness of interventions. Periodic (e.g.weekly) ASC might be
performed for patients remaining in the hospital at high risk for
carriage of MDR-GNB because of ward type (ICU), prolonged
antibiotic(s) therapy, underlying disease, long duration of stay,
presence of devices and surgery. Before transferring patients with
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Intervention

Evidence

Recommendation

Note

MDR-K. pneumoniae to other healthcare facilities (acute and
non-acute care) ensure communication of MDR-K. pneumoniae
status.
Contact precautions (CP)

Moderate Strong

Implement CP for all colonized patient encounters, in all hospital
settings, so as to reduce the risk of acquisition. HCWs caring for
patients colonized or infected with MDR-K. pneumoniae should
wear gloves and gowns before entering the room and should
remove these promptly after care and then perform HH. There
should be audit of adherence to CP to ensure that interventions
are being correctly performed to increase the chances of success.
Evidence of when to discontinue CP is available only from one
intervention where CP were maintained for the entire duration
of hospitalization. There is no evidence available to provide
recommendations for, or against, the usage of droplet
precautions to enter the room of patients in CP.

Alert code (previous
Moderate Strong
positive) and pre-emptive
CP

Use alert code to identify promptly patients already known as
colonized at hospital/ward admission and perform screening and
pre-emptive CP.

Cohort patients

Moderate Conditional

Cohort patients with the same MDR-K. pneumoniae in designated
areas.

Cohort staff

Moderate Strong

Cohort staff to reduce the risk of acquisition of MDR-K.
pneumoniae.

Isolation room

Moderate Strong

Isolate colonized and infected patients in a single room to reduce
the risk of acquisition. The implementation of isolation room
should include monitoring for possible adverse effects such as
clinical complications due to the reduction of contacts with
doctors and nurses, decreases in the quality of life, and possible
psychological adverse effects.

Education

Moderate Conditional

Conduct educational programmes to ensure that HCWs
understand why MDR-K. pneumoniae is important
epidemiologically, why prevention of spread is critical for control,
and which measures for preventing spread have proven to be
effective. Ensure regular multidisciplinary meetings to implement
interventions, to review adherence audit, to report local data and
feedback to all HCWs and other relevant staff.

Environmental cleaning
(EC)

Moderate Conditional

Monitor cleaning performance to ensure consistent EC. Vacate units
for intensive cleaning. Review use of disinfectant agents, methods
and meticulousness of cleaning, dilutions, and contact time of the
hospital cleaning procedures. Implement EC procedures with audit
and feedback to reduce transmission of MDR-K. pneumoniae.
Specify in protocols which items are to be disinfected, which
disinfectant to use, and how often items need to be disinfected.
Dedicate the use of non-critical patient-care equipment to a single
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1 (Continued)
Intervention

Evidence

Recommendation

Note

patient or cohort of patients infected or colonized with
MDR-K. pneumoniae. Specific protocols for the disinfection of
endoscopes and respiratory equipment should be implemented
locally. Consider closure of the ward or the unit to new admissions
in order also to facilitate cleaning until there is evidence of control
of transmission.
Environmental screening

Low

Conditional

Perform environmental sampling and UV light surveillance of
surfaces (mattresses, beds, bedside tables, tables, chairs,
armchairs, washbasins, window sills) that have been in contact
with patients colonized or infected by MDR-K. pneumoniae.

Antimicrobial stewardship
(ABS)

Very low

Conditional

Plan interventions of restriction of antibiotic usage to reduce the
spread of MDR-K. pneumoniae.

Healthcare-workers
(HCWs) screening

NA

Chlorhexidine gluconate
for patient bathing

Low

Infection prevention and
control (IPC)
infrastructure

Moderate Conditional

There is no evidence available to provide recommendations for, or
against, the intervention.
Conditional

Bathing patients with chlorhexidine soap or chlorhexidineimpregnated cloths may be useful as a part of a multifaceted
approach to reduce transmission of MDR-K. pneumoniae.
Provide administrative support, including economic and human
resources, to prevent and control MDR-K. pneumoniae outbreak
transmission.

HCW, healthcare worker; MDR, multidrug-resistant; NA: not available.
Basic and additional specific approaches in outbreak situation: MDR-Pseudomonas aeruginosa
Intervention

Evidence

Recommendation

Note

Hand hygiene (HH)

Very low

Strong

Regardless of the availability of a very low level of evidence
specifically related to P. aeruginosa, the authors of these
guidelines believed that there was sufficient evidence for the
value of effective HH as demonstrated for other microorganisms,
including other MDR microorganisms, to also recommend this
approach here until studies show otherwise.
Implement HH education programmes to reduce the
transmission of P. aeruginosa. HCWs should be encouraged to
perform HH with an alcohol-based hand rub before and after all
patient contacts. Soap and water hand washing is required when
hands are visibly soiled, e.g. with body fluids or excretions.
Monitoring of HH compliance and feedback to HCWs should be
performed to achieve greater compliance. Detailed indications on
how to monitor and improve HH compliance are provided by the
WHO guidelines (level of recommendation ranked as IA-IB)
(available from: http://www.who.int/gpsc/5may/tools/
9789241597906/en/). The use of artificial nails should be
prohibited.
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Intervention

Evidence

Recommendation

Note

Active screening cultures
(ASC)

Very low

Strong

Implement a programme of ASC at hospital admission followed by
CP to reduce the rate of colonization with MDR-P. aeruginosa.
Regardless of the availability of a very low level of evidence
specifically related to P. aeruginosa, the authors of these
guidelines believed that there was sufficient evidence for the
value of effective ASC as demonstrated for other
microorganisms, including other MDR microorganisms, to also
recommend this approach here until studies show otherwise.
Screening cultures should use stool samples or swab samples
from the rectum or perirectal area as well as samples from the
inguinal area and manipulated sites, e.g. catheters and areas of
broken skin such as wounds. The frequency of screening cultures
should be based on the local prevalence of the microorganism,
patient colonization risk, and the case mix of the unit. Consider
performing ASC at the time of hospital admission for high-risk
patients or for all patients in high-risk units such as cancer or
ICU wards, according to local incidence or prevalence data.
Admission, discharge and weekly patient screening might also be
considered to provide feedback to HCWs and to assess the
effectiveness of interventions. Periodic (e.g. weekly) ASC might
be performed for patients remaining in the hospital at high risk
for carriage of MDR-P. aeruginosa because of ward type (ICU),
prolonged antibiotic(s) therapy, underlying disease, long duration
of stay, presence of devices and surgery. Before transferring
patients with MDR-P. aeruginosa to other healthcare facilities
(acute and non-acute care) ensure communication of
MDR-P. aeruginosa status.

Contact precautions (CP)

Very low

Strong

Implement CP for all colonized patient encounters, in all hospital
settings, so as to reduce the risk of acquisition. HCWs caring for
patients colonized or infected with MDR-P. aeruginosa should
wear gloves and gowns before entering the room and should
remove these promptly after care and then perform HH. There
should be audit of adherence to CP to ensure that interventions
are being correctly performed to increase the chances of success.
Regardless of the availability of a very low level of evidence
specifically related to P. aeruginosa, the authors of these
guidelines believed that there was sufficient evidence for the
value of CP as demonstrated for other microorganisms, including
other MDR microorganisms, to also recommend this approach
here until studies show otherwise. There is no evidence available
to provide recommendations on when to discontinue CP and for,
or against, the implementation of the usage of droplet
precautions to enter the room of patients in CP.
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Intervention

Evidence

Recommendation

Note

Very low
Alert code (previous
positive) and pre-emptive
CP

Conditional

Use alert code to identify promptly patients already known as
colonized at hospital/ward admission and perform screening and
pre-emptive CP.

Cohort patients

Very low

Conditional

Cohort patients with the same MDR-P. aeruginosa in designated areas.

Cohort staff

Very low

Conditional

Cohort staff to reduce the risk of acquisition of MDR-P. aeruginosa.

Isolation room

Low

Strong

Isolate colonized and infected patients in a single room to reduce
the risk of acquisition. The implementation of isolation room
should include monitoring for possible adverse effects such as
clinical complications due to the reduction in contacts with
doctors and nurses, decreases in the quality of life, and possible
psychological adverse effects.

Education

Very low

Conditional

Conduct educational programmes to ensure that HCWs
understand why MDR-P. aeruginosa is important
epidemiologically, why prevention of spread is critical for control,
and which measures for preventing spread have proven to be
effective. Ensure regular multidisciplinary meetings to implement
interventions, to review adherence audit, to report local data and
feedback to all HCWs and other relevant staff.

Environmental cleaning
(EC)

Moderate Conditional

Monitor cleaning performance to ensure consistent EC. Vacate
units for intensive cleaning. Review use of disinfectant agents,
methods and meticulousness of cleaning, dilutions and contact
time of the hospital cleaning procedures. Implement EC
procedures with audit and feedback to reduce transmission of
MDR-P. aeruginosa. Specify in protocols which items are to be
disinfected, which disinfectant to use, and how often items need
to be disinfected. Dedicate the use of non-critical patient-care
equipment to a single patient or cohort of patients infected or
colonized with MDR-P. aeruginosa. Specific protocols for the
disinfection of endoscopes and respiratory equipment should be
implemented locally. Consider closure of the ward or the unit to
new admissions in order also to facilitate cleaning until there is
evidence of control of transmission.

Environmental screening

Low

Conditional

Perform environmental samples from surfaces (mattresses, beds,
bedside tables, tables, chairs, armchairs, washbasins, window sills)
that have been in contact with patients colonized or infected by
MDR-P. aeruginosa.

Antimicrobial stewardship
(ABS)

Very low

Conditional

Plan interventions of restriction of antibiotic usage to reduce the
spread of MDR-P. aeruginosa.

Healthcare-workers
(HCWs) screening

NA

There is no evidence available to provide recommendations for, or
against, the intervention.

Chlorhexidine gluconate
for patient bathing

NA

There is no evidence available to provide recommendations for, or
against, the intervention.
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Intervention

Evidence

Infection prevention and
control (IPC)
infrastructure

NA

Recommendation

Note

There is no evidence available to provide recommendations for, or
against, the intervention. However, authors suggest provision of
administrative support, including economic and human resources,
to prevent and control MDR-P. aeruginosa outbreak transmission.

HCW, healthcare worker; MDR, multidrug-resistant; NA: not available.
Basic and additional specific approaches in outbreak situation: MDR-Acinetobacter baumannii
Intervention

Evidence

Recommendation

Note

Hand hygiene (HH)

Moderate Strong

Implement HH education programmes to reduce the transmission
of MDR-A. baumannii. HCWs should be encouraged to perform
HH withan alcohol-based hand rub before and after all patient
contacts. Soap and water hand washing is required when hands
are visibly soiled, e.g. with body fluids or excretions. Monitoring
of HH compliance and feedback to HCWs should be performed
to achieve greater compliance. Detailed indications on how to
monitor and improve HH compliance are provided by the WHO
guidelines (level of recommendation ranked as IA-IB) (available
from: http://www.who.int/gpsc/5may/tools/9789241597906/en/).
The use of artificial nails should be prohibited.

Active screening cultures
(ASC)

Moderate Strong

Implement a programme of ASC at hospital admission followed by
CP to reduce the rate of colonization with MDR-A. baumannii.
Screening cultures should use stool samples or swab samples
from the rectum or perirectal area as well as samples from the
inguinal area and manipulated sites, e.g. catheters and areas of
broken skin such as wounds. The frequency of screening cultures
should be based on the local prevalence of the microorganism,
patient colonization risk, and the case mix of the unit. Consider
performing ASC at the time of hospital admission for high-risk
patients or for all patients in high-risk units such as cancer or ICU
wards, according to local incidence or prevalence data.
Admission, discharge and weekly patient screening might also be
considered to provide feedback to HCWs and to assess the
effectiveness of interventions. Periodic (e.g. weekly) ASC might
be performed for patients remaining in the hospital at high risk
for carriage of MDR-A. baumannii because of ward type (ICU),
prolonged antibiotic(s) therapy, underlying disease, long duration
of stay, presence of devices and surgery. Before transferring
patients with MDR-A. baumannii to other healthcare facilities
(acute and non-acute care) ensure communication of
MDR-A. baumannii status.

Contact precautions (CP)

Moderate Strong

Implement CP for all colonized patient encounters, in all hospital
settings, so as to reduce the risk of acquisition. HCWs caring for
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Intervention

Evidence

Recommendation

Note

patients colonized or infected with MDR-A. baumannii should
wear gloves and gowns before entering the room and should
remove these promptly after care and then perform HH. There
should be audit of adherence to CP to ensure that interventions
are being correctly performed to increase the chances of success.
Evidence of when to discontinue CP is very heterogeneous
(ranging from keeping CP throughout the hospitalization, to
discontinuing it after two or three negative cultures) and does
not allow provision of any specific recommendation. Consider
using droplet precautions to enter the room of colonized or
infected patients in ICU settings and for all aereosol-producing
procedures (low level of evidence; conditional recommendation).
NA
Alert code (previous
positive) and pre-emptive
CP

There is no evidence available to provide recommendations for, or
against, the intervention.

Cohort patients

Very low

Conditional

Cohort patients with the same MDR-A. baumannii in designated
areas.

Cohort staff

Low

Conditional

Cohort staff to reduce the risk of acquisition of MDR-A. baumannii.

Isolation room

Low

Strong

Isolate colonized and infected patients in a single room to reduce
the risk of acquisition. The implementation of isolation room
should include monitoring for possible adverse effects such as
clinical complications due to the reduction in contacts with
doctors and nurses, decreases of the quality of life, and possible
psychological adverse effects.

Education

Moderate Conditional

Conduct educational programmes to ensure that HCWs
understand why MDR-A. baumannii is important
epidemiologically, why prevention of spread is critical for control,
and which measures for preventing spread have proven to be
effective. Ensure regular multidisciplinary meetings to implement
interventions, to review adherence audit and to report local data
and feedback to all HCWs and other relevant staff.

Environmental cleaning
(EC)

Moderate Strong

Monitor cleaning performance to ensure consistent EC. Vacate
units for intensive cleaning. Review use of disinfectant agents,
methods and meticulousness of cleaning, dilutions and contact
time of the hospital cleaning procedures. Implement EC
procedures with audit and feedback to reduce transmission of
MDR-A. baumannii. Specify in protocols which items are to be
disinfected, which disinfectant to use, and how often items need
to be disinfected. Dedicate the use of non-critical patient-care
equipment to a single patient or cohort of patients infected or
colonized with MDR-A. baumannii. Specific protocols for the
disinfection of endoscopes and respiratory equipment should be
implemented locally. Consider closure of the ward or the unit to
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Intervention

Evidence

Recommendation

Note

new admissions in order also to facilitate cleaning until there is
evidence of control of transmission.
Environmental screening

Moderate Conditional

Perform environmental sampling from surfaces (mattresses, beds,
bedside tables, tables, chairs, armchairs, washbasins, window sills)
that have been in contact with patients colonized or infected by
MDR-A. baumannii.

Antimicrobial stewardship
(ABS)

Moderate Conditional

Plan interventions of restriction of antibiotic usage to reduce the
spread of MDR-A. baumannii.

Healthcare-workers
(HCWs) screening

Very low

Screen HCWs for MDR-A. baumannii if they are epidemiologically
linked to a cluster of cases.

Chlorhexidine gluconate
for patient bathing

NA

Infection prevention and
control (IPC)
infrastructure

Very low

Conditional

There is no evidence available to provide recommendations for, or
against, the intervention.
Conditional

Provide administrative support, including economic and human
resources, to prevent and control MDR-A. baumannii outbreak
transmission.

Basic and additional specific approaches in outbreak situation: Burkholderia cepacia
Intervention

Evidence

Recommendation

Note

Hand hygiene (HH)

Very
low

Strong

Regardless of the availability of very low level of evidence specifically
related to B. cepacia, the authors of these guidelines believed that
there was sufficient evidence for the value of effective HH as
demonstrated for other microorganisms, including other MDR
microorganisms, to also recommend this approach here until
studies show otherwise.
Implement HH education programmes to reduce the transmission
of B. cepacia. HCWs should be encouraged to perform HH with
an alcohol-based hand rub before and after all patient contacts.
Soap and water hand washing is required when hands are visibly
soiled, e.g. with body fluids or excretions. Monitoring of HH
compliance and feedback to HCWs should be performed to
achieve greater compliance. Detailed indications on how to
monitor and improve HH compliance are provided by the WHO
guidelines (level of recommendation ranked as IA-IB) (available
from: http://www.who.int/gpsc/5may/tools/9789241597906/en/).
The use of artificial nails should be prohibited.

Active screening cultures
(ASC)

Very
low

Conditional

Implement a programme of ASC at hospital admission followed by
CP to reduce the rate of colonization with B. cepacia. Screening
cultures should use stool samples or swab samples from the
rectum or perirectal area as well as samples from the inguinal area
and manipulated sites, e.g. catheters and areas of broken skin such
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1 (Continued)
Intervention

Evidence

Recommendation

Note

as wounds. The frequency of screening cultures should be based
on the local prevalence of the microorganism, patient colonization
risk, and the case mix of the unit. Consider performing ASC at the
time of hospital admission for high-risk patients or for all patients
in high-risk units such as cancer or ICU wards, according to local
incidence or prevalence data. Admission, discharge and weekly
patient screening might also be considered to provide feedback to
HCWs and to assess the effectiveness of interventions. Periodic
(e.g. weekly) ASC might be performed for patients remaining in
the hospital at high risk for carriage of MDR-GNB because of
ward type (ICU), prolonged antibiotic(s) therapy, underlying
disease, long duration of stay, presence of devices and surgery.
Before transferring patients with B. cepacia to other healthcare
facilities (acute and non-acute care) ensure communication of
B. cepacia status.
Contact precautions (CP)

Low

Conditional

NA
Alert code (previous
positive) and pre-emptive
CP

Implement CP for all colonized patient encounters, in all hospital
settings, so as to reduce the risk of acquisition. HCWs caring for
patients colonized or infected with B. cepacia should wear gloves
and gowns before entering the room and should remove these
promptly after care and then perform HH. There should be audit
of adherence to CP to ensure that interventions are being
correctly performed to increase the chances of success. There is
no evidence available to provide recommendations on when to
discontinue CP and for, or against, the implementation of the
usage of droplet precautions to enter the room of patients in CP.
There is no evidence available to provide recommendations for, or
against, the intervention.

Cohort patients

Low

Conditional

Cohort patients with B. cepacia in designated areas.

Cohort staff

NA

There is no evidence available to provide recommendations for, or
against, the intervention.

Isolation room

NA

There is no evidence available to provide recommendations for, or
against, the intervention.

Education

Very
low

Conditional

Conduct educational programmes to ensure that HCWs
understand why B. cepacia is important epidemiologically, why
prevention of spread is critical for control, and which measures
for preventing spread have proven to be effective. Ensure regular
multidisciplinary meetings to implement interventions, to review
adherence audit, to report local data and feedback to all HCWs
and other relevant staff.

Environmental cleaning
(EC)

Very
low

Conditional

Monitor cleaning performance to ensure consistent EC. Vacate
units for intensive cleaning. Review use of disinfectant agents,
methods and meticulousness of cleaning, dilutions and contact
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1 (Continued)
Intervention

Evidence

Recommendation

Note

time of the hospital cleaning procedures. Implement EC
procedures with audit and feedback to reduce transmission of
B. cepacia. Specify in protocols which items are to be disinfected,
which disinfectant to use, and how often items need to be
disinfected. Dedicate the use of non-critical patient-care
equipment to a single patient or cohort of patients infected or
colonized with B. cepacia. Specific protocols for the disinfection of
endoscopes and respiratory equipment should be implemented
locally. Consider closure of the ward or the unit to new
admissions in order also to facilitate cleaning until there is
evidence of control of transmission.
Environmental screening

Very
low

Conditional

Perform environmental sampling from surfaces (mattresses, beds,
bedside tables, tables, chairs, armchairs, washbasins, window sills)
that have been in contact with patients colonized or infected by
B. cepacia.

Antimicrobial stewardship
(ABS)

NA

There is no evidence available to provide recommendations for, or
against, the intervention.

Healthcare-workers
(HCWs) screening

NA

There is no evidence available to provide recommendations for, or
against, the intervention.

Chlorhexidine gluconate
for patient bathing

NA

There is no evidence available to provide recommendations for, or
against, the intervention.

Infection prevention and
control (IPC)
infrastructure

NA

There is no evidence available to provide recommendations for,
or against, the intervention. However, authors suggest provision
of administrative support, including economic and human
resources, to prevent and control B. cepacia outbreak
transmission.

Basic and additional specific approaches in outbreak situation: Stenotrophomonas maltophilia
Intervention

Evidence

Recommendation

Hand hygiene (HH)

Moderate Strong

Note

Implement HH education programmes to reduce the transmission
of S. maltophilia. HCWs should be encouraged to perform HH
with an alcohol-based hand rub before and after all patient
contacts. Soap and water hand washing is required when hands
are visibly soiled, e.g. with body fluids or excretions. Monitoring
of HH compliance and feedback to HCWs should be performed
to achieve greater compliance. Detailed indications on how to
monitor and improve HH compliance are provided by the WHO
guidelines (level of recommendation ranked as IA-IB) (available
from: http://www.who.int/gpsc/5may/tools/9789241597906/en/).
The use of artificial nails should be prohibited.
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1 (Continued)
Intervention

Evidence

Recommendation

Note

Active screening cultures
(ASC)

NA

There is no evidence available to provide recommendations for, or
against, the intervention.

Contact precautions (CP)

Moderate Conditional

Implement CP for all colonized patient encounters, in all hospital
settings, so as to reduce the risk of acquisition. HCWs caring for
patients colonized or infected with S. maltophilia should wear
gloves and gowns before entering the room and should remove
these promptly after care and then perform HH. There should be
audit of adherence to CP to ensure that interventions are being
correctly performed to increase the chances of success. There is
no evidence available to provide recommendations on when to
discontinue CP and for, or against, the implementation of the
usage of droplet precautions to enter the room of patients in CP.

NA
Alert code (previous
positive) and pre-emptive
CP

There is no evidence available to provide recommendations for, or
against, the intervention.

Cohort patients

NA

There is no evidence available to provide recommendations for, or
against, the intervention.

Cohort staff

NA

There is no evidence available to provide recommendations for, or
against, the intervention.

Isolation room

NA

There is no evidence available to provide recommendations for, or
against, the intervention.

Education

Moderate Conditional

Conduct educational programmes to ensure that HCWs
understand why S. maltophilia is important epidemiologically, why
prevention of spread is critical for control, and which measures
for preventing spread have proven to be effective. Ensure regular
multidisciplinary meetings to implement interventions, to review
adherence audit, to report local data and feedback to all HCWs
and other relevant staff.

Environmental cleaning
(EC)

Moderate Conditional

Monitor cleaning performance to ensure consistent EC. Vacate
units for intensive cleaning. Review use of disinfectant agents,
methods and meticulousness of cleaning, dilutions and contact
time of the hospital cleaning procedures. Implement EC
procedures with audit and feedback to reduce transmission of
S. malthopilia. Specify in protocols which items are to be
disinfected, which disinfectant to use, and how often items need
to be disinfected. Dedicate the use of non-critical patient-care
equipment to a single patient or cohort of patients infected or
colonized with S. maltophilia. Specific protocols for the
disinfection of endoscopes and respiratory equipment should be
implemented locally. Consider closure of the ward or the unit to
new admissions in order also to facilitate cleaning until there is
evidence of control of transmission.
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1 (Continued)
Intervention

Evidence

Recommendation

Note

Environmental screening

Moderate Conditional

Perform environmental sampling from surfaces (mattresses, beds,
bedside tables, tables, chairs, armchairs, washbasins, window sills)
that have been in contact with patients colonized or infected by
S. maltophilia.

Antimicrobial stewardship
(ABS)

NA

There is no evidence available to provide recommendations for, or
against, the intervention.

Healthcare-workers
(HCWs) screening

NA

There is no evidence available to provide recommendations for, or
against, the intervention.

Chlorhexidine gluconate
for patient bathing

NA

There is no evidence available to provide recommendations for, or
against, the intervention.

Infection prevention and
control (IPC)
infrastructure

NA

There is no evidence available to provide recommendations for, or
against, the intervention. However, the authors suggest provision
of administrative support, including economic and human
resources, to prevent and control S. maltophilia outbreak
transmission.

HCW, healthcare worker; MDR, multidrug-resistant; NA: not available.

Approaches in Case of Transmission Control
Failure
If control of transmission is not achieved by following the
recommended measures, ward closure should be considered
and additional epidemiological investigations should be performed, including searches for unusual environmental reservoirs which have epidemiological links to cases or may be using
atypical transmission mechanisms.

Acknowledgements
The authors express their great gratitude to the Guideline
Committee of the Society of Hospital Epidemiology of America
(SHEA) for their thoughtful comments and constructive review
of the recommendations. The expert panel wishes to express
its gratitude to Prof. Yehuda Carmeli, Tel Aviv Medical Center,
Israel for his helpful advice and to Dr Nico Mutters for his
attentive assistance in editing the manuscript.

Transparency Declaration
ET has received financial support for research activities from
the Italian Department of Culture, University and Research,

Universita Cattolica, Rome, Italy, the German Center for
Infectious Research (DZIF), Durata, Waters, Novartis, Pfizer
and the European Commission under the Life Science Health
Priority of the 7th Framework Program. BC has received
financial support for research activities from the English
Department of Health, Healthcare Infection Society, European
Centre for Disease Control, Ecolab, CareFusion, Sanofi Pasteur
and Novartis and the European Commission under the Life
Science Health Priority of the 7th Framework Program. SD has
received lecture fees from Pfizer and conference funding from
Janssen-Cilag, Novartis; MF has received lecture fees from
Pfizer, Novartis, MSD, and Astellas Pharma. AP has received
financial support for research activities from the European
Commission under the Life Science Health Priority of the 7th
Framework Program, Becton & Dickinson, Pfizer and speaker
or advisory board fees from Jannssen and Pfizer. NP has
received fees as a speaker for Novartis, MSD, Carefusion,
Johnson & Johnson, Pfizer, and as a member of the scientific
board for Pfizer, MSD, Carefusion. JRB received funding for
research from Spanish Network for Research in Infectious
Diseases (REIPI), Instituto de Salud Carlos III co-financed by the
European Development Regional Fund “A way to achieve
Europe” ERDF, Spanish Network for the Research in Infectious
Diseases, Consejerıa de Innovación, Junta de Andalucı́a, and
Novartis. JRB has been a consultant for Sanofi Pasteur, Roche,
Merck and Astellas, Pfizer, and Merck. MAC, GDA, UF, GK, NS,
MV, DSY declare no conflicts of interest.

ª2013 The Authors
Clinical Microbiology and Infection ª2013 European Society of Clinical Microbiology and Infectious Diseases, CMI, 20 (Suppl. 1), 1–55

CMI

Tacconelli et al.

Guidelines to reduce the hospital spread of MDR-GNB

References
18.
1. Sievert DM, Ricks P, Edwards JR et al. Antimicrobial-resistant
pathogens associated with healthcare-associated infections: summary
of data reported to the National Healthcare Safety Network at the
Centers for Disease Control and Prevention, 2009–2010. Infect
Control Hosp Epidemiol 2013; 34: 1–14.
2. Gupta N, Limbago BM, Patel JB, Kallen AJ. Carbapenem-resistant
Enterobacteriaceae: epidemiology and prevention. Clin Infect Dis 2011;
53: 60–67.
3. Nordmann P, Naas T, Poirel L. Global spread of carbapenemase-producing Enterobacteriaceae. Emerg Infect Dis 2011; 17: 1791–
1798.
4. Ofner-Agostini M, Varia M, Johnston L et al. Infection control and
antimicrobial restriction practices for antimicrobial-resistant organisms in Canadian tertiary care hospitals. Am J Infect Control 2007; 35:
563–568.
5. Siegel JD, Rhinehart E, Jackson M, Chiarello L. Management of
multidrug-resistant organisms in health care settings, 2006. Am J Infect
Control 2007; 35(Suppl 2): S165–S193.
6. Centers for Disease Control and Prevention (CDC). Guidance for
control of infections with carbapenem-resistant or carbapenemase-producing Enterobacteriaceae in acute care facilities. MMWR Morb
Mortal Wkly Rep 2009; 58: 256–260.
7. Magiorakos AP, Srinivasan A, Carey RB et al. Multidrug-resistant,
extensively drug-resistant and pandrug-resistant bacteria: an international expert proposal for interim standard definitions for acquired
resistance. Clin Microbiol Infect 2012; 18: 268–281.
8. Stone SP, Cooper BS, Kibbler CC et al. The ORION statement:
guidelines for transparent reporting of outbreak reports and intervention studies of nosocomial infection. Lancet Infect Dis 2007; 7: 282–288.
9. Russo TA, Johnson JR. Proposal for a new inclusive designation for
extraintestinal pathogenic isolates of Escherichia coli: EXPEC. J Infect
Dis 2000; 181: 1753–1754.
10. Scott E, Bloomfield SF. The survival and transfer of microbial
contamination via cloths, hands and utensils. J Appl Bacteriol 1990;
68: 271–278.
11. Karisik E, Ellington MJ, Pike R, Warren RE, Livermore DM, Woodford
N. Molecular characterization of plasmids encoding CTX-M-15
b-lactamases from Escherichia coli strains in the United Kingdom. J
Antimicrob Chemother 2006; 58: 665–668.
12. Johnson JR, Menard M, Johnston B, Kuskowski MA, Nichol K, Zhanel
GG. Epidemic clonal groups of Escherichia coli as a cause of
antimicrobial-resistant urinary tract infections in Canada, 2002 to
2004. Antimicrob Agents Chemother 2009; 53: 2733–2739.
13. Johnson JR, Johnston B, Clabots C, Kuskowski MA, Castanheira M.
Escherichia coli sequence type ST131 as the major cause of serious
multidrug-resistant E. coli infections in the United States. Clin Infect Dis
2010; 51: 286–294.
14. Nicolas-Chanoine MH, Blanco J, Leflon-Guibout V et al. Intercontinental emergence of Escherichia coli clone O25:H4-ST131 producing
CTX-M-15. J Antimicrob Chemother 2008; 61: 273–281.
15. Blanco J, Mora A, Mamani R et al. National survey of Escherichia coli
causing extraintestinal infections reveals the spread of drug-resistant
clonal
groups
O25B:H4-B2-ST131,
O15:H1-D-ST393
and
CGA-D-ST69 with high virulence gene content in Spain. J Antimicrob
Chemother 2011; 66: 2011–2021.
16. Ben-Ami R, Schwaber MJ, Navon-Venezia S et al. Influx of
extended-spectrum b-lactamase-producing Enterobacteriaceae into
the hospital. Clin Infect Dis 2006; 42: 925–934.
17. Rodriguez-Bano J, Navarro MD, Romero L et al. Clinical and
molecular epidemiology of extended-spectrum b-lactamase-produc-

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.
34.

35.

36.

47

ing Escherichia coli as a cause of nosocomial infection or colonization:
implications for control. Clin Infect Dis 2006; 42: 37–45.
McMullan R, Loughrey AC, McCalmont M, Rooney PJ. Clinico-epidemiological features of infections caused by CTX-M type extended
spectrum b lactamase-producing Escherichia coli in hospitalised
patients. J Infect 2007; 54: 46–52.
Dubois V, De Barbeyrac B, Rogues AM et al. CTX-M-producing
Escherichia coli in a maternity ward: a likely community importation
and evidence of mother-to-neonate transmission. J Antimicrob Chemother 2010; 65: 1368–1371.
Hammerum AM, Heuer OE. Human health hazards from antimicrobial-resistant Escherichia coli of animal origin. Clin Infect Dis 2009; 48: 916–
921.
Kenny JF, Medearis DN, Klein SW, Drachman RH, Gibson LE. An
outbreak of urinary tract infections and septicemia due to Escherichia
coli in male infants. J Pediatr 1966; 68: 530–541.
Sweet AY, Wolinsky E. An outbreak of urinary tract and other
infections due to E. coli. Pediatrics 1964; 33: 865–871.
Tullus K, Horlin K, Svenson SB, Kallenius G. Epidemic outbreaks of
acute pyelonephritis caused by nosocomial spread of p fimbriated
Escherichia coli in children. J Infect Dis 1984; 150: 728–736.
Paterson DL, Singh N, Rihs JD, Squier C, Rihs BL, Muder RR. Control
of an outbreak of infection due to extended-spectrum b-lactamase-producing Escherichia coli in a liver transplantation unit. Clin Infect
Dis 2001; 33: 126–128.
Nogueras M, Marinsalta N, Roussell M, Notario R. Importance of hand
germ contamination in health-care workers as possible carriers of
nosocomial infections. Rev Inst Med Trop Sao Paulo 2001; 43: 149–152.
Harris AD, Kotetishvili M, Shurland S et al. How important is
patient-to-patient transmission in extended-spectrum b-lactamase
Escherichia coli acquisition. Am J Infect Control 2007; 35: 97–101.
Adler A, Gniadkowski M, Baraniak A et al. Transmission dynamics of
ESBL-producing Escherichia coli clones in rehabilitation wards at a
tertiary care centre. Clin Microbiol Infect 2012; 18: E497–E505.
Tschudin-Sutter S, Frei R, Dangel M, Stranden A, Widmer AF. Rate of
transmission of extended-spectrum b-lactamase-producing Enterobacteriaceae without contact isolation. Clin Infect Dis 2012; 55: 1505–
1511.
Hilty M, Betsch BY, Bogli-Stuber K et al. Transmission dynamics of
extended-spectrum b-lactamase-producing Enterobacteriaceae in the
tertiary care hospital and the household setting. Clin Infect Dis 2012;
55: 967–975.
Podschun R, Ullmann U. Klebsiella spp. as nosocomial pathogens:
epidemiology, taxonomy, typing methods, and pathogenicity factors.
Clin Microbiol Rev 1998; 11: 589–603.
Rodriguez-Bano J, Pascual A. Clinical significance of extended-spectrum b-lactamases. Expert Rev Anti Infect Ther 2008; 6: 671–683.
Harris AD, Perencevich EN, Johnson JK et al. Patient-to-patient
transmission is important in extended-spectrum b-lactamase-producing Klebsiella pneumoniae acquisition. Clin Infect Dis 2007; 45: 1347–
1350.
Casewell M, Phillips I. Hands as route of transmission for Klebsiella
species. Br Med J 1977; 2: 1315–1317.
Riser E, Noone P, Howard FM. Epidemiological study of Klebsiella
infection in the special care baby unit of a London hospital. J Clin Pathol
1980; 33: 400–407.
Mayhall CG, Lamb VA, Bitar CM et al. Nosocomial Klebsiella infection
in a neonatal unit: identification of risk factors for gastrointestinal
colonization. Infect Control 1980; 1: 239–246.
Coovadia YM, Johnson AP, Bhana RH, Hutchinson GR, George RC,
Hafferjee IE. Multiresistant Klebsiella pneumoniae in a neonatal nursery:
the importance of maintenance of infection control policies and
procedures in the prevention of outbreaks. J Hosp Infect 1992; 22:
197–205.

ª2013 The Authors
Clinical Microbiology and Infection ª2013 European Society of Clinical Microbiology and Infectious Diseases, CMI, 20 (Suppl. 1), 1–55

48

Clinical Microbiology and Infection, Volume 20 Supplement 1, January 2014

37. Gorman LJ, Sanai L, Notman AW, Grant IS, Masterton RG. Cross
infection in an intensive care unit by Klebsiella pneumoniae from
ventilator condensate. J Hosp Infect 1993; 23: 27–34.
38. Su LH, Leu HS, Chiu YP et al. Molecular investigation of two clusters
of hospital-acquired bacteraemia caused by multi-resistant Klebsiella
pneumoniae using pulsed-field gel electrophoresis and in frequent
restriction site PCR. Infection control group. J Hosp Infect 2000; 46:
110–117.
39. Gastmeier P, Groneberg K, Weist K, Ruden H. A cluster of
nosocomial Klebsiella pneumoniae bloodstream infections in a neonatal
intensive care department: identification of transmission and intervention. Am J Infect Control 2003; 31: 424–430.
40. Gupta A, Della-Latta P, Todd B et al. Outbreak of extended-spectrum
b-lactamase-producing Klebsiella pneumoniae in a neonatal intensive
care unit linked to artificial nails. Infect Control Hosp Epidemiol 2004;
25: 210–215.
41. Waters V, Larson E, Wu F et al. Molecular epidemiology of
Gram-negative bacilli from infected neonates and health care workers’ hands in neonatal intensive care units. Clin Infect Dis 2004; 38:
1682–1687.
42. Cassettari VC, Silveira IR, Balsamo AC, Franco F. Outbreak of
extended-spectrum b-lactamase-producing Klebsiella pneumoniae in an
intermediate-risk neonatal unit linked to onychomycosis in a healthcare worker. J Pediatr (Rio J) 2006; 82: 313–316.
43. Krishna BV, Patil AB, Chandrasekhar MR. Extended spectrum b
lactamase producing Klebsiella pneumoniae in neonatal intensive care
unit. Indian J Pediatr 2007; 74: 627–630.
44. Iregbu KC, Anwaal U. Extended spectrum b-lactamase-producing
Klebsiella pneumoniae septicaemia outbreak in the neonatal intensive
care unit of a tertiary hospital in Nigeria. Afr J Med Med Sci 2007; 36:
225–228.
45. Dashti AA, Jadaon MM, Gomaa HH, Noronha B, Udo EE. Transmission of a Klebsiella pneumoniae clone harbouring genes for
CTX-M-15-like and SHV-112 enzymes in a neonatal intensive care
unit of a Kuwaiti hospital. J Med Microbiol 2010; 59: 687–692.
46. Macrae MB, Shannon KP, Rayner DM, Kaiser AM, Hoffman PN,
French GL. A simultaneous outbreak on a neonatal unit of two strains
of multiply antibiotic resistant Klebsiella pneumoniae controllable only
by ward closure. J Hosp Infect 2001; 49: 183–192.
47. Bagattini M, Crivaro V, Di Popolo A et al. Molecular epidemiology of
extended-spectrum b-lactamase-producing Klebsiella pneumoniae in a
neonatal intensive care unit. J Antimicrob Chemother 2006; 57: 979–
982.
48. Calbo E, Freixas N, Xercavins M et al. Foodborne nosocomial
outbreak of SHV-1 and CTX-M-15-producing Klebsiella pneumoniae:
epidemiology and control. Clin Infect Dis 2011; 52: 743–749.
49. Lowe C, Willey B, O’Shaughnessy A et al. Outbreak of
extended-spectrum b-lactamase-producing Klebsiella oxytoca infections associated with contaminated handwashing sinks. Emerg Infect
Dis 2012; 18: 1242–1247.
50. Weist K, Pollege K, Schulz I, Ruden H, Gastmeier P. How many
nosocomial infections are associated with cross-transmission? A
prospective cohort study in a surgical intensive care unit. Infect Control
Hosp Epidemiol 2002; 23: 127–132.
51. Vonberg RP, Gastmeier P. Hospital-acquired infections related to
contaminated substances. J Hosp Infect 2007; 65: 15–23.
52. Stamm WE, Kolff CA, Dones EM et al. A nursery outbreak caused by
Serratia marcescens – scalp-vein needles as a portal of entry. J Pediatr
1976; 89: 96–99.
53. Schaberg DR, Alford RH, Anderson R, Farmer JJ 3rd, Melly MA,
Schaffner W. An outbreak of nosocomial infection due to multiply
resistant Serratia marcescens: evidence of interhospital spread. J Infect
Dis 1976; 134: 181–188.

CMI

54. Anagnostakis D, Fitsialos J, Koutsia C, Messaritakis J, Matsaniotis N. A
nursery outbreak of Serratia marcescens infection. Evidence of a single
source of contamination. Am J Dis Child 1981; 135: 413–414.
55. Rutala WA, Kennedy VA, Loflin HB, Sarubbi FA Jr. Serratia marcescens
nosocomial infections of the urinary tract associated with urine
measuring containers and urinometers. Am J Med 1981; 70: 659–
663.
56. Christensen GD, Korones SB, Reed L, Bulley R, McLaughlin B, Bisno
AL. Epidemic Serratia marcescens in a neonatal intensive care unit:
importance of the gastrointestinal tract as a reservoir. Infect Control
1982; 3: 127–133.
57. Wilhelmi I, Bernaldo de Quiros JC, Romero-Vivas J, Duarte J, Rojo E,
Bouza E. Epidemic outbreak of Serratia marcescens infection in a
cardiac surgery unit. J Clin Microbiol 1987; 25: 1298–1300.
58. van Ogtrop ML, van Zoeren-Grobben D, Verbakel-Salomons EM, van
Boven CP. Serratia marcescens infections in neonatal departments:
description of an outbreak and review of the literature. J Hosp Infect
1997; 36: 95–103.
59. Villari P, Crispino M, Salvadori A, Scarcella A. Molecular epidemiology
of an outbreak of Serratia marcescens in a neonatal intensive care unit.
Infect Control Hosp Epidemiol 2001; 22: 630–634.
60. Milisavljevic V, Wu F, Larson E et al. Molecular epidemiology of
Serratia marcescens outbreaks in two neonatal intensive care units.
Infect Control Hosp Epidemiol 2004; 25: 719–721.
61. de Vries JJ, Baas WH, van der Ploeg K, Heesink A, Degener JE, Arends
JP. Outbreak of Serratia marcescens colonization and infection traced
to a healthcare worker with long-term carriage on the hands. Infect
Control Hosp Epidemiol 2006; 27: 1153–1158.
62. Ivanova D, Markovska R, Hadjieva N, Schneider I, Mitov I, Bauernfeind
A. Extended-spectrum b-lactamase-producing Serratia marcescens
outbreak in a Bulgarian hospital. J Hosp Infect 2008; 70: 60–65.
63. Bayramoglu G, Buruk K, Dinc U, Mutlu M, Yilmaz G, Aslan Y.
Investigation of an outbreak of Serratia marcescens in a neonatal
intensive care unit. J Microbiol Immunol Infect 2011; 44: 111–115.
64. Harbarth S, Sudre P, Dharan S, Cadenas M, Pittet D. Outbreak of
Enterobacter cloacae related to understaffing, overcrowding, and
poor hygiene practices. Infect Control Hosp Epidemiol 1999; 20: 598–
603.
65. Yu WL, Cheng HS, Lin HC, Peng CT, Tsai CH. Outbreak investigation
of nosocomial Enterobacter cloacae bacteraemia in a neonatal intensive
care unit. Scand J Infect Dis 2000; 32: 293–298.
66. Robins-Browne RM, Rowe B, Ramsaroop R et al. A hospital outbreak
of multiresistant Salmonella typhimurium belonging to phage type 193.
J Infect Dis 1983; 147: 210–216.
67. Lamb VA, Mayhall CG, Spadora AC, Markowitz SM, Farmer JJ 3rd,
Dalton HP. Outbreak of Salmonella typhimurium gastroenteritis due to
an imported strain resistant to ampicillin, chloramphenicol, and
trimethoprim-sulfamethoxazole in a nursery. J Clin Microbiol 1984; 20:
1076–1079.
68. Revathi G, Shannon KP, Stapleton PD, Jain BK, French GL. An
outbreak of extended-spectrum, b-lactamase-producing Salmonella
senftenberg in a burns ward. J Hosp Infect 1998; 40: 295–302.
69. Bouallegue-Godet O, Ben Salem Y, Fabre L et al. Nosocomial
outbreak caused by Salmonella enterica serotype livingstone producing
CTX-M-27 extended-spectrum b-lactamase in a neonatal unit in
Sousse, Tunisia. J Clin Microbiol 2005; 43: 1037–1044.
70. Pena C, Suarez C, Tubau F et al. Nosocomial spread of Pseudomonas
aeruginosa producing the metallo-b-lactamase VIM-2 in a Spanish
hospital: clinical and epidemiological implications. Clin Microbiol Infect
2007; 13: 1026–1029.
71. Crivaro V, Di Popolo A, Caprio A et al. Pseudomonas aeruginosa in a
neonatal intensive care unit: molecular epidemiology and infection
control measures. BMC Infect Dis 2009; 9: 70.

ª2013 The Authors
Clinical Microbiology and Infection ª2013 European Society of Clinical Microbiology and Infectious Diseases, CMI, 20 (Suppl. 1), 1–55

CMI

Tacconelli et al.

72. Widmer AF, Wenzel RP, Trilla A, Bale MJ, Jones RN, Doebbeling BN.
Outbreak of Pseudomonas aeruginosa infections in a surgical intensive
care unit: probable transmission via hands of a health care worker.
Clin Infect Dis 1993; 16: 372–376.
73. Foca M, Jakob K, Whittier S et al. Endemic Pseudomonas aeruginosa
infection in a neonatal intensive care unit. N Engl J Med 2000; 343:
695–700.
74. Bertrand X, Bailly P, Blasco G, Balvay P, Boillot A, Talon D. Large
outbreak in a surgical intensive care unit of colonization or infection
with Pseudomonas aeruginosa that overexpressed an active efflux
pump. Clin Infect Dis 2000; 31: E9–E14.
75. Rogues AM, Boulestreau H, Lasheras A et al. Contribution of tap
water to patient colonisation with Pseudomonas aeruginosa in a
medical intensive care unit. J Hosp Infect 2007; 67: 72–78.
76. Saiman L. Infection prevention and control in cystic fibrosis. Curr Opin
Infect Dis 2011; 24: 390–395.
77. Tingpej P, Elkins M, Rose B et al. Clinical profile of adult cystic fibrosis
patients with frequent epidemic clones of Pseudomonas aeruginosa.
Respirology 2010; 15: 923–929.
78. Clifton U, Pecham DG. Defining routes of airborne transmission of
Pseudomonas aeruginosa in people with cystic fibrosis. Expert Rev Respir
Med 2010; 4: 519–529.
79. Peleg AY, Seifert H, Paterson DL. Acinetobacter baumannii: emergence
of a successful pathogen. Clin Microbiol Rev 2008; 21: 538–582.
80. Abbo A, Navon-Venezia S, Hammer-Muntz O, Krichali T, Siegman-Igra Y, Carmeli Y. Multidrug-resistant Acinetobacter baumannii.
Emerg Infect Dis 2005; 11: 22–29.
81. Rodriguez-Bano J, Garcia L, Ramirez E et al. Long-term control of
hospital-wide, endemic multidrug-resistant Acinetobacter baumannii
through a comprehensive “bundle” approach. Am J Infect Control 2009;
37: 715–722.
82. Fernandez-Cuenca F, Lopez-Cortes LE, Rodriguez-Bano J. The
microbiology laboratory’s contribution to the surveillance and control
of outbreaks caused by nonfermentative Gram-negative bacilli. Enferm
Infecc Microbiol Clin 2011; 29(Suppl 3): 40–46.
83. VanCouwenberghe CJ, Cohen SH, Tang YJ, Gumerlock PH, Silva J Jr.
Genomic fingerprinting of epidemic and endemic strains of Stenotrophomonas maltophilia (formerly Xanthomonas maltophilia) by arbitrarily primed PCR. J Clin Microbiol 1995; 33: 1289–1291.
84. Garcia de Viedma D, Marin M, Cercenado E, Alonso R, Rodriguez-Creixems M, Bouza E. Evidence of nosocomial Stenotrophomonas
maltophilia cross-infection in a neonatology unit analyzed by three
molecular typing methods. Infect Control Hosp Epidemiol 1999; 20: 816–
820.
85. Gulcan H, Kuzucu C, Durmaz R. Nosocomial Stenotrophomonas
maltophilia cross-infection: three cases in newborns. Am J Infect Control
2004; 32: 365–368.
86. Agodi A, Barchitta M, Giannino V et al. Burkholderia cepacia complex
in cystic fibrosis and non-cystic fibrosis patients: identification of a
cluster of epidemic lineages. J Hosp Infect 2002; 50: 188–195.
87. Speert DP, Henry D, Vandamme P, Corey M, Mahenthiralingam E.
Epidemiology of Burkholderia cepacia complex in patients with cystic
fibrosis, Canada. Emerg Infect Dis 2002; 8: 181–187.
88. Siddiqui AH, Mulligan ME, Mahenthiralingam E et al. An episodic
outbreak of genetically related Burkholderia cepacia among non-cystic
fibrosis patients at a university hospital. Infect Control Hosp Epidemiol
2001; 22: 419–422.
89. Love GJ, Gezonhmthompson DJ, Rogers KD, Hatch TF. Relation of
intensity of staphylococcal infection in newborn infants to contamination of nurses’ hands and surrounding environment. Pediatrics 1963;
32: 956–965.
90. Guenthner SH, Hendley JO, Wenzel RP. Gram-negative bacilli as
nontransient flora on the hands of hospital personnel. J Clin Microbiol
1987; 25: 488–490.

Guidelines to reduce the hospital spread of MDR-GNB

49

91. Casewell MW, Desai N. Survival of multiply-resistant Klebsiella
aerogenes and other Gram-negative bacilli on finger-tips. J Hosp Infect
1983; 4: 350–360.
92. Sanderson PJ, Weissler S. Recovery of coliforms from the hands of
nurses and patients: activities leading to contamination. J Hosp Infect
1992; 21: 85–93.
93. Morgan DJ, Liang SY, Smith CL et al. Frequent multidrug-resistant
Acinetobacter baumannii contamination of gloves, gowns, and hands
of healthcare workers. Infect Control Hosp Epidemiol 2010; 31: 716–
721.
94. Grice EA, Segre JA. The skin microbiome. Nat Rev Microbiol 2011; 9:
244–253.
95. Davis CP. Normal flora. In: Baron S, ed. Medical microbiology, 4th edn.
Galveston, TX: University of Texas Medical Branch, 1996; Chapter 6.
Available from: http://www.ncbi.nlm.nih.gov/books/NBK7617/
96. Retailliau HF, Hightower AW, Dixon RE, Allen JR. Acinetobacter
calcoaceticus: a nosocomial pathogen with an unusual seasonal pattern.
J Infect Dis 1979; 139: 371–375.
97. Larson EL, McGinley KJ, Foglia AR, Talbot GH, Leyden JJ. Composition and antimicrobic resistance of skin flora in hospitalized and
healthy adults. J Clin Microbiol 1986; 23: 604–608.
98. Hamamci N, Dursun E, Akbas E, Aktepe OC, Cakc A. A quantitative
study of genital skin flora and urinary colonization in spinal cord
injured patients. Spinal Cord 1998; 36: 617–620.
99. Fawcett C, Chawla JC, Quoraishi A, Stickler DJ. A study of the skin
flora of spinal cord injured patients. J Hosp Infect 1986; 8: 149–158.
100. Seifert H, Dijkshoorn L, Gerner-Smidt P, Pelzer N, Tjernberg I,
Vaneechoutte M. Distribution of Acinetobacter species on human skin:
comparison of phenotypic and genotypic identification methods. J Clin
Microbiol 1997; 35: 2819–2825.
101. Adams BG, Marrie TJ. Hand carriage of aerobic Gram-negative rods
by health care personnel. J Hyg (Lond) 1982; 89: 23–31.
102. Pittet D, Dharan S, Touveneau S, Sauvan V, Perneger TV. Bacterial
contamination of the hands of hospital staff during routine patient
care. Arch Intern Med 1999; 159: 821–826.
103. Morgan DJ, Rogawski E, Thom KE et al. Transfer of multidrug-resistant bacteria to healthcare workers’ gloves and gowns after patient
contact increases with environmental contamination. Crit Care Med
2012; 40: 1045–1051.
104. Musa EK, Desai N, Casewell MW. The survival of Acinetobacter
calcoaceticus inoculated on fingertips and on formica. J Hosp Infect
1990; 15: 219–227.
105. Fagernes M, Lingaas E. Factors interfering with the microflora on
hands: a regression analysis of samples from 465 healthcare workers. J
Adv Nurs 2011; 67: 297–307.
106. McNeil SA, Foster CL, Hedderwick SA, Kauffman CA. Effect of hand
cleansing with antimicrobial soap or alcohol-based gel on microbial
colonization of artificial fingernails worn by health care workers. Clin
Infect Dis 2001; 32: 367–372.
107. Gordin FM, Schultz ME, Huber R, Zubairi S, Stock F, Kariyil J. A
cluster of hemodialysis-related bacteremia linked to artificial fingernails. Infect Control Hosp Epidemiol 2007; 28: 743–744.
108. Moolenaar RL, Crutcher JM, San Joaquin VH et al. A prolonged
outbreak of P. aeruginosa in a neonatal intensive care unit: did staff
fingernails play a role in disease transmission? Infect Control Hosp
Epidemiol 2000; 21: 80–85.
109. Paul R, Das NK, Dutta R, Bandyopadhyay R, Banerjee AK. Bacterial
contamination of the hands of doctors: a study in the medicine and
dermatology wards. Indian J Dermatol Venereol Leprol 2011; 77: 307–
313.
110. Cardoso CL, Pereira HH, Zequim JC, Guilhermetti M. Effectiveness of
hand-cleansing agents for removing Acinetobacter baumannii strain
from contaminated hands. Am J Infect Control 1999; 27: 327–331.

ª2013 The Authors
Clinical Microbiology and Infection ª2013 European Society of Clinical Microbiology and Infectious Diseases, CMI, 20 (Suppl. 1), 1–55

50

Clinical Microbiology and Infection, Volume 20 Supplement 1, January 2014

111. Grundmann H, Hahn A, Ehrenstein B, Geiger K, Just H, Daschner FD.
Detection of cross-transmission of multiresistant Gram-negative
bacilli and Staphylococcus aureus in adult intensive care units by
routine typing of clinical isolates. Clin Microbiol Infect 1999; 5: 355–363.
112. Chetchotisakd P, Phelps CL, Hartstein AI. Assessment of bacterial
cross-transmission as a cause of infections in patients in intensive care
units. Clin Infect Dis 1994; 18: 929–937.
113. Lingaas E, Fagernes M. Development of a method to measure
bacterial transfer from hands. J Hosp Infect 2009; 72: 43–49.
114. Wiener-Well Y, Galuty M, Rudensky B, Schlesinger Y, Attias D,
Yinnon AM. Nursing and physician attire as possible source of
nosocomial infections. Am J Infect Control 2011; 39: 555–559.
115. Perry C, Marshall R, Jones E. Bacterial contamination of uniforms. J
Hosp Infect 2001; 48: 238–241.
116. Wilson JA, Loveday HP, Hoffman PN, Pratt RJ. Uniform: an evidence
review of the microbiological significance of uniforms and uniform
policy in the prevention and control of healthcare-associated
infections. Report to the Department of Health (England). J Hosp
Infect 2007; 66: 301–307.
117. Babb JR, Davies JG, Ayliffe GA. Contamination of protective clothing
and nurses’ uniforms in an isolation ward. J Hosp Infect 1983; 4: 149–
157.
118. Wong D, Nye K, Hollis P. Microbial flora on doctors’ white coats.
BMJ 1991; 303: 1602–1604.
119. Speers R Jr, Shooter RA, Gaya H, Patel N. Contamination of nurses’
uniforms with Staphylococcus aureus. Lancet 1969; 2: 233–235.
120. Ransjo U. Attempts to control clothes-borne infection in a burn unit,
3. An open-roofed plastic isolator or plastic aprons to prevent
contact transfer of bacteria. J Hyg (Lond) 1979; 82: 385–395.
121. Kotsanas D, Scott C, Gillespie EE, Korman TM, Stuart RL. What’s
hanging around your neck? Pathogenic bacteria on identity badges and
lanyards. Med J Aust 2008; 188: 5–8.
122. Kochar S, Sheard T, Sharma R et al. Success of an infection control
program to reduce the spread of carbapenem-resistant Klebsiella
pneumoniae. Infect Control Hosp Epidemiol 2009; 30: 447–452.
123. Laurent C, Rodriguez-Villalobos H, Rost F et al. Intensive care unit
outbreak of extended-spectrum b-lactamase-producing Klebsiella pneumoniae controlled by cohorting patients and reinforcing infection
control measures. Infect Control Hosp Epidemiol 2008; 29: 517–524.
124. Lucet JC, Decre D, Fichelle A et al. Control of a prolonged outbreak
of extended-spectrum b-lactamase-producing Enterobacteriaceae in a
university hospital. Clin Infect Dis 1999; 29: 1411–1418.
125. Ben-David D, Maor Y, Keller N et al. Potential role of active
surveillance in the control of a hospital-wide outbreak of carbapenem-resistant Klebsiella pneumoniae infection. Infect Control Hosp
Epidemiol 2010; 31: 620–626.
126. Ciobotaro P, Oved M, Nadir E, Bardenstein R, Zimhony O. An
effective intervention to limit the spread of an epidemic carbapenem-resistant Klebsiella pneumoniae strain in an acute care setting:
from theory to practice. Am J Infect Control 2011; 39: 671–677.
127. Schwaber MJ, Lev B, Israeli A et al. Containment of a country-wide
outbreak of carbapenem-resistant Klebsiella pneumoniae in Israeli
hospitals via a nationally implemented intervention. Clin Infect Dis
2011; 52: 848–855.
128. Langer AJ, Lafaro P, Genese CA, McDonough P, Nahass R, Robertson
C. Using active microbiologic surveillance and enhanced infection
control measures to control an outbreak of health care-associated
extended-spectrum b-lactamase-producing Klebsiella pneumoniae
infections–New Jersey, 2007. Am J Infect Control 2009; 37: 73–75.
129. Wybo I, Blommaert L, De Beer T et al. Outbreak of multidrugresistant Acinetobacter baumannii in a Belgian university hospital
after transfer of patients from Greece. J Hosp Infect 2007; 67: 374–
380.

CMI

130. Monterrubio-Villar J, Gonzalez-Velasco C, Valdezate-Ramos S,
C
ordoba-L
opez A, Villal
on-Panzano P, Saez-Nieto JA. Outbreak of
multiresistant Acinetobacter baumannii in a polyvalent intensive care
unit: clinical, epidemiological analysis and PFGE-printing evolution. Eur
J Clin Microbiol Infect Dis 2009; 28: 1281–1284.
131. Simor AE, Lee M, Vearncombe M et al. An outbreak due to
multiresistant Acinetobacter baumannii in a burn unit: risk factors for
acquisition and management. Infect Control Hosp Epidemiol 2002; 23:
261–267.
132. Gbaguidi-Haore H, Legast S, Thouverez M, Bertrand X, Talon D.
Ecological study of the effectiveness of isolation precautions in the
management of hospitalized patients colonized or infected with
Acinetobacter baumannii. Infect Control Hosp Epidemiol 2008; 29: 1118–
1123.
133. Ling ML, Ang A, Wee M, Wang GC. A nosocomial outbreak of
multiresistant Acinetobacter baumannii originating from an intensive
care unit. Infect Control Hosp Epidemiol 2001; 22: 48–49.
134. La Forgia C, Franke J, Hacek DM, Thomson RB Jr, Robicsek A,
Peterson LR. Management of a multidrug-resistant Acinetobacter
baumannii outbreak in an intensive care unit using novel environmental disinfection: a 38-month report. Am J Infect Control 2010; 38: 259–
263.
135. Nseir S, Blazejewski C, Lubret R, Wallet F, Courcol R, Durocher A.
Risk of acquiring multidrug-resistant Gram-negative bacilli from prior
room occupants in the intensive care unit. Clin Microbiol Infect 2011;
17: 1201–1208.
136. Troche G, Joly LM, Guibert M, Zazzo JF. Detection and treatment of
antibiotic-resistant bacterial carriage in a surgical intensive care unit: a
6-year prospective survey. Infect Control Hosp Epidemiol 2005; 26: 161–
165.
137. Conterno LO, Shymanski J, Ramotar K, Toye B, Zvonar R, Roth V.
Impact and cost of infection control measures to reduce nosocomial
transmission of extended-spectrum b-lactamase-producing organisms
in a non-outbreak setting. J Hosp Infect 2007; 65: 354–360.
138. Urban C, Segal-Maurer S, Rahal JJ. Considerations in control and
treatment of nosocomial infections due to multidrug-resistant
Acinetobacter baumannii. Clin Infect Dis 2003; 36: 1268–1274.
139. Mattner F, Bange FC, Meyer E, Seifert H, Wichelhaus TA, Chaberny IF.
Preventing the spread of multidrug-resistant Gram-negative pathogens:
recommendations of an expert panel of the German Society for
Hygiene and Microbiology. Dtsch Arztebl Int 2012; 109: 39–45.
140. Kluytmans-Vandenbergh MF, Kluytmans JA, Voss A. Dutch guideline
for preventing nosocomial transmission of highly resistant microorganisms (HRMO). Infection 2005; 33: 309–313.
141. Mastoraki A, Douka E, Kriaras I, Stravopodis G, Saroglou G,
Geroulanos S. Preventing strategy of multidrug-resistant Acinetobacter
baumanii susceptible only to colistin in cardiac surgical intensive care
units. Eur J Cardiothorac Surg 2008; 33: 1086–1090.
142. Vonberg RP, Wolter A, Chaberny IF et al. Epidemiology of
multi-drug-resistant Gram-negative bacteria: data from an university
hospital over a 36-month period. Int J Hyg Environ Health 2008; 211:
251–257.
143. Harris AD, Nemoy L, Johnson JA et al. Co-carriage rates of
vancomycin-resistant Enterococcus and extended-spectrum b-lactamase-producing bacteria among a cohort of intensive care unit
patients: implications for an active surveillance program. Infect Control
Hosp Epidemiol 2004; 25: 105–108.
144. Maragakis LL, Tucker MG, Miller RG, Carroll KC, Perl TM. Incidence
and prevalence of multidrug-resistant Acinetobacter using targeted
active surveillance cultures. JAMA 2008; 299: 2513–2514.
145. Bratu S, Landman D, Haag R et al. Rapid spread of carbapenem-resistant Klebsiella pneumoniae in New York city: a new threat to our
antibiotic armamentarium. Arch Intern Med 2005; 165: 1430–1435.

ª2013 The Authors
Clinical Microbiology and Infection ª2013 European Society of Clinical Microbiology and Infectious Diseases, CMI, 20 (Suppl. 1), 1–55

CMI

Tacconelli et al.

146. Corbella X, Pujol M, Ayats J et al. Relevance of digestive tract
colonization in the epidemiology of nosocomial infections due to
multiresistant Acinetobacter baumannii. Clin Infect Dis 1996; 23: 329–334.
147. Snyder GM, D’Agata EM. Diagnostic accuracy of surveillance cultures
to detect gastrointestinal colonization with multidrug-resistant
gram-negative bacteria. Am J Infect Control 2012; 40: 474–476.
148. Papadomichelakis E, Kontopidou F, Antoniadou A et al. Screening for
resistant gram-negative microorganisms to guide empiric therapy of
subsequent infection. Intensive Care Med 2008; 34: 2169–2175.
149. Buehlmann M, Fankhauser H, Laffer R, Bregenzer T, Widmer AF. The
inguinal skin: an important site of colonization with extended-spectrum b-lactamase producing Enterobacteriaceae. Infect Control Hosp
Epidemiol 2010; 31: 427–428.
150. O’Fallon E, Gautam S, D’Agata EM. Colonization with multidrugresistant gram-negative bacteria: prolonged duration and frequent
cocolonization. Clin Infect Dis 2009; 48: 1375–1381.
151. Weintrob AC, Roediger MP, Barber M et al. Natural history of
colonization with Gram-negative multidrug-resistant organisms
among hospitalized patients. Infect Control Hosp Epidemiol 2010; 31:
330–337.
152. Marchaim D, Navon-Venezia S, Schwartz D et al. Surveillance cultures
and duration of carriage of multidrug-resistant Acinetobacter baumannii. J Clin Microbiol 2007; 45: 1551–1555.
153. Barbolla RE, Centron D, Maimone S et al. Molecular epidemiology of
Acinetobacter baumannii spread in an adult intensive care unit under an
endemic setting. Am J Infect Control 2008; 36: 444–452.
154. Pasricha J, Koessler T, Harbarth S et al. Carriage of extended-spectrum
b-lactamase-producing enterobacteriacae among internal medicine
patients in Switzerland. Antimicrob Resist Infect Control 2013; 2: 20.
155. Harris AD, McGregor JC, Furuno JP. What infection control
interventions should be undertaken to control multidrug-resistant
Gram-negative bacteria? Clin Infect Dis 2006; 43(Suppl 2): S57–S61.
156. Enoch DA, Summers C, Brown NM et al. Investigation and management of an outbreak of multidrug-carbapenem-resistant Acinetobacter
baumannii in Cambridge, UK. J Hosp Infect 2008; 70: 109–118.
157. Apisarnthanarak A, Pinitchai U, Thongphubeth K, Yuekyen C, Warren
DK, Fraser VJ. A multifaceted intervention to reduce pandrug-resistant Acinetobacter baumannii colonization and infection in 3 intensive
care units in a Thai tertiary care center: a 3-year study. Clin Infect Dis
2008; 47: 760–767.
158. Dancer SJ. Hospital cleaning in the 21st century. Eur J Clin Microbiol
Infect Dis 2011; 30: 1473–1481.
159. Weber DJ, Rutala WA, Miller MB, Huslage K, Sickbert-Bennett E.
Role of hospital surfaces in the transmission of emerging health
care-associated pathogens: Norovirus, Clostridium difficile, and Acinetobacter species. Am J Infect Control 2010; 38: S25–S33.
160. Corbella X, Pujol M, Argerich MJ et al. Environmental sampling of
Acinetobacter baumannii: moistened swabs versus moistened sterile
gauze pads. Infect Control Hosp Epidemiol 1999; 20: 458–460.
161. Dancer SJ. Mopping up hospital infection. J Hosp Infect 1999; 43: 85–100.
162. Kramer A, Schwebke I, Kampf G. How long do nosocomial pathogens
persist on inanimate surfaces? A systematic review. BMC Infect Dis
2006; 6: 130.
163. Denton M, Wilcox MH, Parnell P et al. Role of environmental cleaning
in controlling an outbreak of Acinetobacter baumannii on a neurosurgical intensive care unit. J Hosp Infect 2004; 56: 106–110.
164. Wendt C, Dietze B, Dietz E, Ruden H. Survival of Acinetobacter
baumannii on dry surfaces. J Clin Microbiol 1997; 35: 1394–1397.
165. Wagenvoort JH, Sluijsmans W, Penders RJ. Better environmental
survival of outbreak vs. sporadic MRSA isolates. J Hosp Infect 2000; 45:
231–234.
166. Sanderson PJ, Rawal P. Contamination of the environment of spinal
cord injured patients by organisms causing urinary-tract infection. J
Hosp Infect 1987; 10: 173–178.

Guidelines to reduce the hospital spread of MDR-GNB

51

167. Sanderson PJ, Alshafi KM. Environmental contamination by organisms
causing urinary tract infection. J Hosp Infect 1995; 29: 301–303.
168. Lemmen SW, Hafner H, Zolldann D, Stanzel S, Lutticken R. Distribution
of multi-resistant Gram-negative versus Gram-positive bacteria in the
hospital inanimate environment. J Hosp Infect 2004; 56: 191–197.
169. Getchell-White SI, Donowitz LG, Groschel DH. The inanimate
environment of an intensive care unit as a potential source of
nosocomial bacteria: evidence for long survival of Acinetobacter
calcoaceticus. Infect Control Hosp Epidemiol 1989; 10: 402–407.
170. Joynson DH. Bowls and bacteria. J Hyg (Lond) 1978; 80: 423–425.
171. Dancer SJ, Coyne M, Robertson C, Thomson A, Guleri A, Alcock S.
Antibiotic use is associated with resistance of environmental organisms in a teaching hospital. J Hosp Infect 2006; 62: 200–206.
172. D’Agata EM, Venkataraman L, DeGirolami P, Samore M. Molecular
epidemiology of ceftazidime-resistant gram-negative bacilli on inanimate surfaces and their role in cross-transmission during non-outbreak periods. J Clin Microbiol 1999; 37: 3065–3067.
173. Mitchell BG, Wilson F, McGregor A, Dancer SJ. Methods to evaluate
environmental cleanliness in healthcare facilities. Healthcare Infection
2013; 18: 23–30.
174. Hota S, Hirji Z, Stockton K et al. Outbreak of multidrug-resistant
Pseudomonas aeruginosa colonization and infection secondary to
imperfect intensive care unit room design. Infect Control Hosp
Epidemiol 2009; 30: 25–33.
175. Doring G, Ulrich M, Muller W et al. Generation of Pseudomonas
aeruginosa aerosols during handwashing from contaminated sink drains,
transmission to hands of hospital personnel, and its prevention by use of
a new heating device. Zentralbl Hyg Umweltmed 1991; 191: 494–505.
176. Weber DJ, Rutala WA, Blanchet CN, Jordan M, Gergen MF. Faucet
aerators: a source of patient colonization with Stenotrophomonas
maltophilia. Am J Infect Control 1999; 27: 59–63.
177. Panagea S, Winstanley C, Walshaw MJ, Ledson MJ, Hart CA.
Environmental contamination with an epidemic strain of Pseudomonas
aeruginosa in a Liverpool cystic fibrosis centre, and study of its survival
on dry surfaces. J Hosp Infect 2005; 59: 102–107.
178. Doring G, Jansen S, Noll H et al. Distribution and transmission of
Pseudomonas aeruginosa and Burkholderia cepacia in a hospital ward.
Pediatr Pulmonol 1996; 21: 90–100.
179. Hobson RP, MacKenzie FM, Gould IM. An outbreak of multiply-resistant Klebsiella pneumoniae in the Grampian region of Scotland. J Hosp
Infect 1996; 33: 249–262.
180. Lucero CA, Cohen AL, Trevino I et al. Outbreak of Burkholderia
cepacia complex among ventilated pediatric patients linked to hospital
sinks. Am J Infect Control 2011; 39: 775–778.
181. Cross DF, Benchimol A, Dimond EG. The faucet aerator – a source of
Pseudomonas infection. N Engl J Med 1966; 274: 1430–1431.
182. Costerton JW, Cheng KJ, Geesey GG et al. Bacterial biofilms in
nature and disease. Annu Rev Microbiol 1987; 41: 435–464.
183. Yang D, Zhang Z. Biofilm-forming Klebsiella pneumoniae strains have
greater likelihood of producing extended-spectrum b-lactamases. J
Hosp Infect 2008; 68: 369–371.
184. Rutala WA, Weber DJ. Uses of inorganic hypochlorite (bleach) in
health-care facilities. Clin Microbiol Rev 1997; 10: 597–610.
185. McAllister TA, Lucas CE, Mocan H et al. Serratia marcescens outbreak
in a paediatric oncology unit traced to contaminated chlorhexidine.
Scott Med J 1989; 34: 525–528.
186. Wishart MM, Riley TV. Infection with Pseudomonas maltophilia hospital
outbreak due to contaminated disinfectant. Med J Aust 1976; 2: 710–
712.
187. Werry C, Lawrence JM, Sanderson PJ. Contamination of detergent
cleaning solutions during hospital cleaning. J Hosp Infect 1988; 11: 44–49.
188. Medcraft JW, Hawkins JM, Fletcher BN, Dadswell JV. Potential hazard
from spray cleaning of floors in hospital wards. J Hosp Infect 1987; 9:
151–157.

ª2013 The Authors
Clinical Microbiology and Infection ª2013 European Society of Clinical Microbiology and Infectious Diseases, CMI, 20 (Suppl. 1), 1–55

52

Clinical Microbiology and Infection, Volume 20 Supplement 1, January 2014

189. Engelhart S, Krizek L, Glasmacher A, Fischnaller E, Marklein G, Exner
M. Pseudomonas aeruginosa outbreak in a haematology-oncology unit
associated with contaminated surface cleaning equipment. J Hosp
Infect 2002; 52: 93–98.
190. Forder AA. Buckets and mops in operating-theatres. Lancet 1973; 1:
1325.
191. Davies A, Pottage T, Bennett A, Walker J. Gaseous and air
decontamination technologies for Clostridium difficile in the healthcare
environment. J Hosp Infect 2011; 77: 199–203.
192. Mandal J, Kate A, Parija SC. Microbicidal effect of electrolysed
detergent water. J Hosp Infect 2010; 76: 94–95.
193. Song L, Wu J, Xi C. Biofilms on environmental surfaces: evaluation of
the disinfection efficacy of a novel steam vapor system. Am J Infect
Control 2012; 40: 926–930.
194. Otter JA, Yezli S, Schouten MA, van Zanten AR, Houmes-Zielman G,
Nohlmans-Paulssen MK. Hydrogen peroxide vapor decontamination
of an intensive care unit to remove environmental reservoirs of
multidrug-resistant Gram-negative rods during an outbreak. Am J
Infect Control 2010; 38: 754–756.
195. Sharma M, Hudson JB. Ozone gas is an effective and practical
antibacterial agent. Am J Infect Control 2008; 36: 559–563.
196. Maclean M, Macgregor SJ, Anderson JG et al. Environmental decontamination of a hospital isolation room using high-intensity narrow-spectrum light. J Hosp Infect 2010; 76: 247–251.
197. Meunier O, Meistermann C, Schwebel A. Effectiveness and limits of the
cleaners steam in hospitals. Pathol Biol (Paris) 2009; 57: 252–257.
198. Falagas ME, Thomaidis PC, Kotsantis IK, Sgouros K, Samonis G,
Karageorgopoulos DE. Airborne hydrogen peroxide for disinfection
of the hospital environment and infection control: a systematic
review. J Hosp Infect 2011; 78: 171–177.
199. Nerandzic MM, Cadnum JL, Pultz MJ, Donskey CJ. Evaluation of an
automated ultraviolet radiation device for decontamination of Clostridium difficile and other healthcare-associated pathogens in hospital
rooms. BMC Infect Dis 2010; 10: 197.
200. Memarzadeh F, Olmsted RN, Bartley JM. Applications of ultraviolet
germicidal irradiation disinfection in health care facilities: effective
adjunct, but not stand-alone technology. Am J Infect Control 2010; 38:
S13–S24.
201. Sweeney CP, Dancer SJ. Can hospital computers be disinfected using
a hand-held UV light source? J Hosp Infect 2009; 72: 92–94.
202. Sattar SA. Promises and pitfalls of recent advances in chemical means
of preventing the spread of nosocomial infections by environmental
surfaces. Am J Infect Control 2010; 38: S34–S40.
203. Moore G, Griffith C. A laboratory evaluation of the decontamination
properties of microfibre cloths. J Hosp Infect 2006; 64: 379–385.
204. Griffith CJ, Dancer SJ. Hospital cleaning: problems with steam cleaning
and microfibre. J Hosp Infect 2009; 72: 360–361.
205. Bergen LK, Meyer M, Hog M, Rubenhagen B, Andersen LP. Spread of
bacteria on surfaces when cleaning with microfibre cloths. J Hosp
Infect 2009; 71: 132–137.
206. Page K, Wilson M, Parkin IP. Antimicrobial surfaces and their
potential in reducing the role of the inanimate environment in the
incidence of hospital-acquired infections. J Mater Chem 2009; 19:
3819–3831.
207. Su W, Wei SS, Hu SQ, Tang JX. Preparation of tio(2)/ag colloids with
ultraviolet resistance and antibacterial property using short chain
polyethylene glycol. J Hazard Mater 2009; 172: 716–720.
208. Airey P, Verran J. Potential use of copper as a hygienic surface;
problems associated with cumulative soiling and cleaning. J Hosp Infect
2007; 67: 271–277.
209. Tankovic J, Legrand P, De Gatines G, Chemineau V, Brun-Buisson C,
Duval J. Characterization of a hospital outbreak of imipenem-resistant
Acinetobacter baumannii by phenotypic and genotypic typing methods. J
Clin Microbiol 1994; 32: 2677–2681.

CMI

210. Scerpella EG, Wanger AR, Armitige L, Anderlini P, Ericsson CD.
Nosocomial outbreak caused by a multiresistant clone of Acinetobacter baumannii: results of the case–control and molecular
epidemiologic investigations. Infect Control Hosp Epidemiol 1995; 16:
92–97.
211. Valencia R, Arroyo LA, Conde M et al. Nosocomial outbreak of
infection with pan-drug-resistant Acinetobacter baumannii in a tertiary care university hospital. Infect Control Hosp Epidemiol 2009; 30:
257–263.
212. Neely AN, Maley MP, Warden GD. Computer keyboards as
reservoirs for Acinetobacter baumannii in a burn hospital. Clin Infect
Dis 1999; 29: 1358–1360.
213. Randrianirina F, Vedy S, Rakotovao D et al. Role of contaminated
aspiration tubes in nosocomial outbreak of Klebsiella pneumoniae
producing SHV-2 and CTX-M-15 extended-spectrum b-lactamases. J
Hosp Infect 2009; 72: 23–29.
214. Das I, Lambert P, Hill D, Noy M, Bion J, Elliott T. Carbapenem-resistant Acinetobacter and role of curtains in an outbreak in intensive care
units. J Hosp Infect 2002; 50: 110–114.
215. Dancer SJ. The role of environmental cleaning in the control of
hospital-acquired infection. J Hosp Infect 2009; 73: 378–385.
216. Goddard S, Muller MP. The efficacy of infection control interventions
in reducing the incidence of extended-spectrum b-lactamase-producing Enterobacteriaceae in the nonoutbreak setting: a systematic review.
Am J Infect Control 2011; 39: 599–601.
217. Soulier A, Barbut F, Ollivier JM, Petit JC, Lienhart A. Decreased
transmission of Enterobacteriaceae with extended-spectrum b-lactamases in an intensive care unit by nursing reorganization. J Hosp Infect
1995; 31: 89–97.
218. Virgincar N, Iyer S, Stacey A et al. Klebsiella pneumoniae producing
KPC carbapenemase in a district general hospital in the UK. J Hosp
Infect 2011; 78: 293–296.
219. Tacconelli E, De Angelis G, Cataldo MA, Pozzi E, Cauda R. Does
antibiotic exposure increase the risk of methicillin-resistant Staphylococcus aureus (MRSA) isolation? A systematic review and meta-analysis. J Antimicrob Chemother 2008; 61: 26–38.
220. Tacconelli E, De Angelis G, Cataldo MA et al. Antibiotic usage and
risk of colonization and infection with antibiotic-resistant bacteria: a
hospital population-based study. Antimicrob Agents Chemother 2009;
53: 4264–4269.
221. Tacconelli E, Cataldo MA, De Pascale G et al. Prediction models to
identify hospitalized patients at risk of being colonized or infected
with multidrug-resistant Acinetobacter baumannii calcoaceticus complex. J Antimicrob Chemother 2008; 62: 1130–1137.
222. Tinelli M, Cataldo MA, Mantengoli E et al. Epidemiology and genetic
characteristics of extended-spectrum b-lactamase-producing
Gram-negative bacteria causing urinary tract infections in long-term
care facilities. J Antimicrob Chemother 2012; 67: 2982–2987.
223. Davey P, Brown E, Charani E et al. Interventions to improve antibiotic
prescribing practices for hospital inpatients. Cochrane Database Syst
Rev 2013; Issue 4. Art. No.: CD003543. DOI: 10.1002/14651858.
CD003543.pub3.
224. Gerding DN, Larson TA, Hughes RA, Weiler M, Shanholtzer C,
Peterson LR. Aminoglycoside resistance and aminoglycoside usage:
ten years of experience in one hospital. Antimicrob Agents Chemother
1991; 35: 1284–1290.
225. Ntagiopoulos PG, Paramythiotou E, Antoniadou A, Giamarellou H,
Karabinis A. Impact of an antibiotic restriction policy on the antibiotic
resistance patterns of Gram-negative microorganisms in an intensive
care unit in Greece. Int J Antimicrob Agents 2007; 30: 360–365.
€ Balık I. The impact of a
226. Altunsoy A, Aypak C, Azap A, Erg€
on€
ul O,
nationwide antibiotic restriction program on antibiotic usage and
resistance against nosocomial pathogens in Turkey. Int J Med Sci 2011;
4: 339–344.

ª2013 The Authors
Clinical Microbiology and Infection ª2013 European Society of Clinical Microbiology and Infectious Diseases, CMI, 20 (Suppl. 1), 1–55

CMI

Tacconelli et al.

227. Malani AN, Richards PG, Kapila S, Otto MH, Czerwinski J, Singal B.
Clinical and economic outcomes from a community hospital’s
antimicrobial stewardship program. Am J Infect Control 2012; 41: 145–
148.
228. de Man P, Verhoeven BA, Verbrugh HA, Vos MC, van den Anker JN.
An antibiotic policy to prevent emergence of resistant bacilli. Lancet
2000; 355: 973–978.
229. Meyer KS, Urban C, Eagan JA, Berger BJ, Rahal JJ. Nosocomial
outbreak of Klebsiella infection resistant to late-generation cephalosporins. Ann Intern Med 1993; 119: 353–358.
230. Slain D, Sarwari AR, Petros KO et al. Impact of a multimodal
antimicrobial stewardship program on Pseudomonas aeruginosa susceptibility and antimicrobial use in the intensive care unit setting. Crit
Care Res Pract 2011; 2011: 416426.
231. Hirschman SZ, Meyers BR, Bradbury K, Mehl B, Gendelman S,
Kimelblatt B. Use of antimicrobial agents in a university teaching
hospital. Evolution of a comprehensive control program. Arch Intern
Med 1988; 148: 2001–2007.
232. McGowan JE Jr. Minimizing antimicrobial resistance: the key role of
the infectious diseases physician. Clin Infect Dis 2004; 38: 939–942.
233. Frank MO, Batteiger BE, Sorensen SJ et al. Decrease in expenditures
and selected nosocomial infections following implementation of an
antimicrobial-prescribing improvement program. Clin Perform Qual
Health Care 1997; 5: 180–188.
234. Kollef MH, Vlasnik J, Sharpless L, Pasque C, Murphy D, Fraser V.
Scheduled change of antibiotic classes: a strategy to decrease the
incidence of ventilator-associated pneumonia. Am J Respir Crit Care
Med 1997; 156: 1040–1048.
235. Raymond DP, Pelletier SJ, Crabtree TD et al. Impact of a rotating
empiric antibiotic schedule on infectious mortality in an intensive care
unit. Crit Care Med 2001; 29: 1101–1108.
236. Dominguez EA, Smith TL, Reed E, Sanders CC, Sanders WE Jr. A pilot
study of antibiotic cycling in a hematology-oncology unit. Infect Control
Hosp Epidemiol 2000; 21: S4–S8.
237. McGowan JE Jr. Strategies for study of the role of cycling on
antimicrobial use and resistance. Infect Control Hosp Epidemiol 2000;
21: S36–S43.
238. John JF Jr, Rice LB. The microbial genetics of antibiotic cycling. Infect
Control Hosp Epidemiol 2000; 21: S22–S31.
239. Raymond DP, Pelletier SJ, Sawyer RG. Antibiotic utilization strategies
to limit antimicrobial resistance. Semin Respir Crit Care Med 2002; 23:
497–501.
240. Molstad S, Cars O. Major change in the use of antibiotics following a
national programme: Swedish strategic programme for the rational
use of antimicrobial agents and surveillance of resistance (STRAMA).
Scand J Infect Dis 1999; 31: 191–195.
241. Leibovici L, Gitelman V, Yehezkelli Y et al. Improving empirical
antibiotic treatment: prospective, nonintervention testing of a decision support system. J Intern Med 1997; 242: 395–400.
242. Watkins C, Harvey I, Langley C, Gray S, Faulkner A. General
practitioners’ use of guidelines in the consultation and their attitudes
to them. Br J Gen Pract 1999; 49: 11–15.
243. Yong MK, Buising KL, Cheng AC, Thursky KA. Improved susceptibility of Gram-negative bacteria in an intensive care unit following
implementation of a computerized antibiotic decision support system.
J Antimicrob Chemother 2010; 65: 1062–1069.
244. McGowan JE Jr, Tenover FC. Control of antimicrobial resistance in
the health care system. Infect Dis Clin North Am 1997; 11: 297–311.
245. White AC Jr, Atmar RL, Wilson J, Cate TR, Stager CE, Greenberg SB.
Effects of requiring prior authorization for selected antimicrobials:
expenditures, susceptibilities, and clinical outcomes. Clin Infect Dis
1997; 25: 230–239.
246. Kim JY, Sohn JW, Park DW, Yoon YK, Kim YM, Kim MJ. Control of
extended-spectrum b-lactamase-producing Klebsiella pneumoniae

Guidelines to reduce the hospital spread of MDR-GNB

247.

248.

249.

250.

251.
252.

253.

254.

255.

256.

257.

258.
259.

260.

261.

262.

263.

264.

53

using a computer-assisted management program to restrict third-generation cephalosporin use. J Antimicrob Chemother 2008; 62: 416–421.
Lautenbach E, Metlay JP, Weiner MG et al. Gastrointestinal tract
colonization with fluoroquinolone-resistant Escherichia coli in hospitalized patients: changes over time in risk factors for resistance. Infect
Control Hosp Epidemiol 2009; 30: 18–24.
Lopez-Lozano JM, Monnet DL, Yague A et al. Modelling and
forecasting antimicrobial resistance and its dynamic relationship to
antimicrobial use: a time series analysis. Int J Antimicrob Agents 2000;
14: 21–31.
Rice LB, Eckstein EC, DeVente J, Shlaes DM. Ceftazidime-resistant
Klebsiella pneumoniae isolates recovered at the Cleveland Department
of Veterans Affairs Medical Center. Clin Infect Dis 1996; 23: 118–124.
Rahal JJ, Urban C, Horn D et al. Class restriction of cephalosporin use
to control total cephalosporin resistance in nosocomial Klebsiella.
JAMA 1998; 280: 1233–1237.
Burke JP. Antibiotic resistance – squeezing the balloon? JAMA 1998;
280: 1270–1271.
Rahal JJ, Urban C, Segal-Maurer S. Nosocomial antibiotic resistance in
multiple Gram-negative species: experience at one hospital with
squeezing the resistance balloon at multiple sites. Clin Infect Dis 2002;
34: 499–503.
Brun-Buisson C, Legrand P, Rauss A et al. Intestinal decontamination
for control of nosocomial multiresistant Gram-negative bacilli. Study
of an outbreak in an intensive care unit. Ann Intern Med 1989; 110:
873–881.
Taylor ME, Oppenheim BA. Selective decontamination of the
gastrointestinal tract as an infection control measure. J Hosp Infect
1991; 17: 271–278.
Huttner B, Haustein H, Uckay I et al. Decolonization of intestinal
carriage of extended-spectrum b-lactamase-producing Enterobacteriaceae with oral colistin and neomycin: a randomized, double-blind,
placebo-controlled trial. J Antimicrob Chemother 2013; 68: 2375–
2382.
Saidel-Odes L, Polachek H, Peled N et al. A randomized, double-blind,
placebo-controlled trial of selective digestive decontamination using
oral gentamicin and oral polymyxin E for eradication of carbapenem-resistant Klebsiella pneumoniae carriage. Infect Control Hosp
Epidemiol 2012; 33: 14–19.
Vernon MO, Hayden MK, Trick WE, Hayes RA, Blom DW, Weinstein
RA. Chlorhexidine gluconate to cleanse patients in a medical intensive
care unit: the effectiveness of source control to reduce the bioburden
of vancomycin-resistant Enterococci. Arch Intern Med 2006; 166: 306–
312.
Climo MW, Yokoe DS, Warren DK et al. Effect of daily chlorhexidine
bathing on hospital-acquired infection. N Engl J Med 2013; 368: 533–542.
Huang SS, Septimus E, Kleinman K et al. Targeted versus universal
decolonization to prevent ICU infection. N Engl J Med 2013; 368:
2255–2265.
Evans HL, Dellit TH, Chan J, Nathens AB, Maier RV, Cuschieri J. Effect
of chlorhexidine whole-body bathing on hospital-acquired infections
among trauma patients. Arch Surg 2010; 145: 240–246.
Munoz-Price LS, Hayden MK, Lolans K et al. Successful control of an
outbreak of Klebsiella pneumoniae carbapenemase-producing K. pneumoniae at a long-term acute care hospital. Infect Control Hosp Epidemiol
2010; 31: 341–347.
Akova M, Daikos GL, Tzouvelekis L, Carmeli Y. Interventional
strategies and current clinical experience with carbapenemase-producing Gram-negative bacteria. Clin Microbiol Infect 2012; 18: 439–448.
Stickler DJ. Susceptibility of antibiotic resistant Gram-negative
bacteria to biocides: a perspective from the study of catheter
biofilms. J Appl Microbiol 2002; 92(Suppl): 163S–170S.
van‘t Veen A, van der Zee A, Nelson J, Speelberg B, Kluytmans JA,
Buiting AG. Outbreak of infection with a multiresistant Klebsiella

ª2013 The Authors
Clinical Microbiology and Infection ª2013 European Society of Clinical Microbiology and Infectious Diseases, CMI, 20 (Suppl. 1), 1–55

54

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

277.

278.

279.

280.

Clinical Microbiology and Infection, Volume 20 Supplement 1, January 2014

pneumoniae strain associated with contaminated roll boards in
operating rooms. J Clin Microbiol 2005; 43: 4961–4967.
Cohen MJ, Block C, Levin PD et al. Institutional control measures to
curtail the epidemic spread of carbapenem-resistant Klebsiella pneumoniae: a 4-year perspective. Infect Control Hosp Epidemiol 2011; 32:
673–678.
Eveillard M, Eb F, Tramier B et al. Evaluation of the contribution of
isolation precautions in prevention and control of multi-resistant
bacteria in a teaching hospital. J Hosp Infect 2001; 47: 116–124.
Souweine B, Traore O, Aublet-Cuvelier B et al. Role of infection
control measures in limiting morbidity associated with multiresistant organisms in critically ill patients. J Hosp Infect 2000; 45:
107–116.
Martınez JA, Nicolas JM, Marco F et al. Comparison of antimicrobial
cycling and mixing strategies in two medical intensive care units. Crit
Care Med 2006; 34: 329–336.
Marra AR, de Almeida SM, Correa L et al. The effect of limiting
antimicrobial therapy duration on antimicrobial resistance in the
critical care setting. Am J Infect Control 2009; 37: 204–209.
Lipworth AD, Hyle EP, Fishman NO et al. Limiting the emergence of
extended-spectrum b-lactamase-producing Enterobacteriaceae: influence of patient population characteristics on the response to
antimicrobial formulary interventions. Infect Control Hosp Epidemiol
2006; 27: 279–286.
Wen Z, Wei X, Xiao Y et al. Intervention study of the association of
antibiotic utilization measures with control of extended-spectrum
b-lactamase (ESBL)-producing bacteria. Microbes Infect 2010; 12: 710–
715.
Raineri E, Crema L, Dal Zoppo S et al. Rotation of antimicrobial
therapy in the intensive care unit: impact on incidence of ventilator-associated pneumonia caused by antibiotic-resistant Gram-negative bacteria. Eur J Clin Microbiol Infect Dis 2010; 29: 1015–1024.
Bisson G, Fishman NO, Patel JB, Edelstein PH, Lautenbach E.
Extended-spectrum b-lactamase-producing Escherichia coli and Klebsiella species: risk factors for colonization and impact of antimicrobial
formulary interventions on colonization prevalence. Infect Control
Hosp Epidemiol 2002; 23: 254–260.
Trick WE, Vernon MO, Welbel SF, Demarais P, Hayden MK,
Weinstein RA. Multicenter intervention program to increase adherence to hand hygiene recommendations and glove use and to reduce
the incidence of antimicrobial resistance. Infect Control Hosp Epidemiol
2007; 28: 42–49.
Pires dos Santos R, Jacoby T, Pires Machado D et al. Hand hygiene,
and not ertapenem use, contributed to reduction of carbapenem-resistant Pseudomonas aeruginosa rates. Infect Control Hosp
Epidemiol 2011; 32: 584–590.
Fukigai S, Alba J, Kimura S et al. Nosocomial outbreak of genetically
related IMP-1 b-lactamase-producing Klebsiella pneumoniae in a
general hospital in Japan. Int J Antimicrob Agents 2007; 29: 306–310.
Gregory CJ, Llata E, Stine N et al. Outbreak of carbapenem-resistant
Klebsiella pneumoniae in Puerto Rico associated with a novel
carbapenemase variant. Infect Control Hosp Epidemiol 2010; 31: 476–
484.
Kassis-Chikhani N, Saliba F, Carbonne A et al. Extended measures for
controlling an outbreak of VIM-1 producing imipenem-resistant
Klebsiella pneumoniae in a liver transplant centre in France, 2003–
2004. Euro Surveill 2010; 15 (46).
Ransj€
o U, Lytsy B, Melhus A et al. Hospital outbreak control requires
joint efforts from hospital management, microbiology and infection
control. J Hosp Infect 2010; 76: 26–31.
Alsterlund R, Carlsson B, Gezelius L, Haeggman S, Olsson-Liljequist B.
Multiresistant CTX-M-15 ESBL-producing Escherichia coli in southern
Sweden: description of an outbreak. Scand J Infect Dis 2009; 41: 410–
415.

CMI

281. Paauw A, Verhoef J, Fluit AC et al. Failure to control an outbreak of
qnrA1-positive multidrug-resistant Enterobacter cloacae infection
despite adequate implementation of recommended infection control
measures. J Clin Microbiol 2007; 45: 1420–1425.
282. Pe~
na C, Pujol M, Ardanuy C et al. Epidemiology and successful control
of a large outbreak due to Klebsiella pneumoniae producing
extended-spectrum b-lactamases. Antimicrob Agents Chemother 1998;
42: 53–58.
283. Ohana S, Denys P, Guillemot D et al. Control of an ACC-1-producing
Klebsiella pneumoniae outbreak in a physical medicine and rehabilitation unit. J Hosp Infect 2006; 63: 34–38.
284. Herbert S, Halvorsen DS, Leong T, Franklin C, Harrington G, Spelman
D. Large outbreak of infection and colonization with Gram-negative
pathogens carrying the metallo-b-lactamase gene blaIMP-4 at a
320-bed tertiary hospital in Australia. Infect Control Hosp Epidemiol
2007; 28: 98–101.
285. Munoz-Price LS, De La Cuesta C, Adams S et al. Successful
eradication of a monoclonal strain of Klebsiella pneumoniae during a
K. pneumoniae carbapenemase-producing K. pneumoniae outbreak in a
surgical intensive care unit in Miami, Florida. Infect Control Hosp
Epidemiol 2010; 31: 1074–1077.
286. Wendt C, Sch€
utt S, Dalpke AH et al. First outbreak of Klebsiella
pneumoniae carbapenemase (KPC)-producing K. pneumoniae in Germany. Eur J Clin Microbiol Infect Dis 2010; 29: 563–570.
287. Endimiani A, Depasquale JM, Forero S et al. Emergence of BLAKPC-containing Klebsiella pneumoniae in a long-term acute care
hospital: a new challenge to our healthcare system. J Antimicrob
Chemother 2009; 64: 1102–1110.
288. Lee SO, Lee ES, Park SY, Kim SY, Seo YH, Cho YK. Reduced use of
third-generation cephalosporins decreases the acquisition of
extended-spectrum b-lactamase-producing Klebsiella pneumoniae.
Infect Control Hosp Epidemiol 2004; 25: 832–837.
289. Corbella X, Montero A, Pujol M et al. Emergence and rapid spread of
carbapenem resistance during a large and sustained hospital outbreak
of multiresistant Acinetobacter baumannii. J Clin Microbiol 2000; 38:
4086–4095.
290. Choi WS, Kim SH, Jeon EG et al. Nosocomial outbreak of carbapenem-resistant Acinetobacter baumannii in intensive care units and
successful outbreak control program. J Korean Med Sci 2010; 25: 999–
1004.
291. Crowe M, Towner KJ, Humphreys H. Clinical and epidemiological
features of an outbreak of Acinetobacter infection in an intensive
therapy unit. J Med Microbiol 1995; 43: 55–62.
292. Fierobe L, Lucet JC, Decre D et al. An outbreak of imipenem-resistant Acinetobacter baumannii in critically ill surgical patients. Infect
Control Hosp Epidemiol 2001; 22: 35–40.
293. Koeleman JG, Parlevliet GA, Dijkshoorn L, Savelkoul PH, Vandenbroucke-Grauls CM. Nosocomial outbreak of multi-resistant
Acinetobacter baumannii on a surgical ward: epidemiology and risk
factors for acquisition. J Hosp Infect 1997; 37: 113–123.
294. Kohlenberg A, Br€
ummer S, Higgins PG et al. Outbreak of carbapenem-resistant Acinetobacter baumannii carrying the carbapenemase
OXA-23 in a German university medical centre. J Med Microbiol 2009;
58: 1499–1507.
295. Ahmed J, Brutus A, D’Amato RF, Glatt AE. Acinetobacter calcoaceticus
anitratus outbreak in the intensive care unit traced to a peak flow
meter. Am J Infect Control 1994; 22: 319–321.
296. Borgmann S, Wolz C, Gr€
obner S et al. Metallo-b-lactamase expressing multi-resistant Acinetobacter baumannii transmitted in the operation area. J Hosp Infect 2004; 57: 308–315.
297. Go ES, Urban C, Burns J et al. Clinical and molecular epidemiology of
Acinetobacter infections sensitive only to polymyxin B and sulbactam.
Lancet 1994; 344: 1329–1332.

ª2013 The Authors
Clinical Microbiology and Infection ª2013 European Society of Clinical Microbiology and Infectious Diseases, CMI, 20 (Suppl. 1), 1–55

CMI

Tacconelli et al.

298. Jamal W, Salama M, Dehrab N, Al Hashem G, Shahin M, Rotimi VO.
Role of tigecycline in the control of a carbapenem-resistant Acinetobacter baumannii outbreak in an intensive care unit. J Hosp Infect
2009; 72: 234–242.
299. Longo B, Pantosti A, Luzzi I et al. Molecular findings and antibiotic-resistance in an outbreak of Acinetobacter baumannii in an
intensive care unit. Ann Ist Super Sanita 2007; 43: 83–88.
300. Naas T, Levy M, Hirschauer C, Marchandin H, Nordmann P.
Outbreak of carbapenem-resistant Acinetobacter baumannii producing
the carbapenemase OXA-23 in a tertiary care hospital of Papeete.
French Polynesia. J Clin Microbiol 2005; 43: 4826–4829.
301. Orsi GB, Franchi C, Giordano A et al. Multidrug-resistant Acinetobacter baumannii outbreak in an intensive care unit. J Chemother 2008; 20:
219–224.
302. Podnos YD, Cinat ME, Wilson SE, Cooke J, Gornick W, Thrupp LD.
Eradication of multi-drug resistant Acinetobacter from an intensive
care unit. Surg Infect (Larchmt) 2001; 2: 297–301.
303. Wang SH, Sheng WH, Chang YY et al. Healthcare-associated
outbreak due to pan-drug resistant Acinetobacter baumannii in a
surgical intensive care unit. J Hosp Infect 2003; 53: 97–102.
304. Crespo MP, Woodford N, Sinclair A et al. Outbreak of carbapenem-resistant Pseudomonas aeruginosa producing VIM-8, a novel
metallo-b-lactamase, in a tertiary care center in Cali, Colombia. J
Clin Microbiol 2004; 42: 5094–5101.
305. Pe~
na C, Dominguez MA, Pujol M, Verdaguer R, Gudiol F, Ariza J. An
outbreak of carbapenem-resistant Pseudomonas aeruginosa in a
urology ward. Clin Microbiol Infect 2003; 9: 938–943.
306. Cortes JA, Cuervo SI, Urdaneta AM et al. Identifying and controlling a
multiresistant Pseudomonas aeruginosa outbreak in a Latin-American
cancer centre and its associated risk factors. Braz J Infect Dis 2009; 13:
99–103.
307. Kohlenberg A, Weitzel-Kage D, van der Linden P et al. Outbreak of
carbapenem-resistant Pseudomonas aeruginosa infection in a surgical
intensive care unit. J Hosp Infect 2010; 74: 350–357.
308. Nagao M, Iinuma Y, Igawa J et al. Control of an outbreak of
carbapenem-resistant Pseudomonas aeruginosa in a haemato-oncology
unit. J Hosp Infect 2011; 79: 49–53.
309. D’Agata EM, Thayer V, Schaffner W. An outbreak of Acinetobacter
baumannii: the importance of cross-transmission. Infect Control Hosp
Epidemiol 2000; 21: 588–591.
310. Young LS, Sabel AL, Price CS. Epidemiologic, clinical, and economic
evaluation of an outbreak of clonal multidrug-resistant Acinetobacter
baumannii infection in a surgical intensive care unit. Infect Control Hosp
Epidemiol 2007; 28: 1247–1254.

Guidelines to reduce the hospital spread of MDR-GNB

55

311. Doidge M, Allworth AM, Woods M et al. Control of an outbreak of
carbapenem-resistant Acinetobacter baumannii in Australia after introduction of environmental cleaning with a commercial oxidizing
disinfectant. Infect Control Hosp Epidemiol 2010; 31: 418–420.
312. Richard P, Le Floch R, Chamoux C, Pannier M, Espaze E, Richet H.
Pseudomonas aeruginosa outbreak in a burn unit: role of antimicrobials
in the emergence of multiply resistant strains. J Infect Dis 1994; 170:
377–383.
313. Richet H, Escande MC, Marie JP, Zittoun R, Lagrange PH. Epidemic
Pseudomonas aeruginosa serotype O16 bacteremia in hematology-oncology patients. J Clin Microbiol 1989; 27: 1992–1996.
314. Bert F, Maubec E, Bruneau B, Berry P, Lambert-Zechovsky N.
Multi-resistant Pseudomonas aeruginosa outbreak associated with
contaminated tap water in a neurosurgery intensive care unit. J Hosp
Infect 1998; 39: 53–62.
315. Alfieri N, Ramotar K, Armstrong P et al. Two consecutive outbreaks
of Stenotrophomonas maltophilia (Xanthomonas maltophilia) in an
intensive-care unit defined by restriction fragment-length
polymorphism typing. Infect Control Hosp Epidemiol 1999; 20: 553–
556.
316. Hamill RJ, Houston ED, Georghiou PR et al. An outbreak of
Burkholderia (formerly Pseudomonas) cepacia respiratory tract colonization and infection associated with nebulized albuterol therapy. Ann
Intern Med 1995; 122: 762–766.
317. Heo ST, Kim SJ, Jeong YG, Bae IG, Jin JS, Lee JC. Hospital outbreak of
Burkholderia stabilis bacteraemia related to contaminated chlorhexidine in haematological malignancy patients with indwelling catheters. J
Hosp Infect 2008; 70: 241–245.
318. Reboli AC, Koshinski R, Arias K, Marks-Austin K, Stieritz D, Stull TL.
An outbreak of Burkholderia cepacia lower respiratory tract infection
associated with contaminated albuterol nebulization solution. Infect
Control Hosp Epidemiol 1996; 17: 741–743.
319. Ramsey AH, Skonieczny P, Coolidge DT, Kurzynski TA, Proctor ME,
Davis JP. Burkholderia cepacia lower respiratory tract infection
associated with exposure to a respiratory therapist. Infect Control
Hosp Epidemiol 2001; 22: 423–426.
320. Mann T, Ben-David D, Zlotkin A et al. An outbreak of Burkholderia
cenocepacia bacteremia in immunocompromised oncology patients.
Infection 2010; 38: 187–194.
321. Centers for Disease Control and Prevention (CDC). Nosocomial
Burkholderia cepacia infection and colonization associated with intrinsically contaminated mouthwash – Arizona, 1998. MMWR Morb
Mortal Wkly Rep 1998; 47: 926–928.

ª2013 The Authors
Clinical Microbiology and Infection ª2013 European Society of Clinical Microbiology and Infectious Diseases, CMI, 20 (Suppl. 1), 1–55

