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Abstract
Purpose  The global rise of multidrug resistant organisms (MDROs) is of major concern since infections by these pathogens 
are difficult, and in some cases, even impossible to treat. This review will discuss the effectiveness of a pathogen-independent 
alternative approach consisting of the implementation of antibiotic stewardship (ABS) programs, improvement of hand 
hygiene compliance, and daily antiseptic body washings instead of “screening, isolation and eradication” as recommended 
by many infection control guidelines today.
Methods  A review of the literature.
Results  The classical approach composed of screening, isolation and eradication has many limitations, including lack of 
standardization of the screening methods, risk of medical errors for patients in isolation and failure to eradicate resistant 
bacteria. Notably, concrete evidence that this current infection control approach actually prevents transmission is still lacking. 
We found that a novel approach with the training of infectious diseases specialists can reduce the usage of antimicrobials, 
thereby significantly decreasing the emergence of new MDROs. Moreover, increased hand hygiene compliance not only 
reduces transmission of MDROs, but also that of sensitive organisms causing the majority of nosocomial infections. Further, 
instruments, such as continuing education, bed-side observation, and the use of new tools, e.g. electronic wearables and 
Wi-Fi-equipped dispensers, are all options that can also improve the current low hand hygiene compliance levels. In addi-
tion, daily antiseptic body washes were observed to reduce the transmission of MDROs, especially those deriving from the 
body surface-like MRSA and VRE in specific settings. Finally, antiseptic body washes were seen to have similar effects on 
reducing transmission rates as screening and isolation measures.
Conclusions  In summary, this review describes a novel evidence-based approach to counteract the growing medical chal-
lenge of increasing numbers of MDROs.

Keywords  Multidrug-resistant organisms · Screening · Isolation · Antibiotic stewardship · Hand hygiene · Antiseptic body 
wash

Introduction

The global rise of multidrug-resistant organisms (MDROs), 
especially Gram-negative bacteria, poses a serious threat 
to patient safety due to limited therapeutic options. These 
options are further reduced by the recent discovery of a 
plasmid-mediated polymyxin resistance, generating almost 
pan-resistant bacteria [1]. Some of these pathogens derive 

from animal hosts and are transmitted to humans via the 
food chain, while others are imported from foreign coun-
tries, e.g., Asia or the Middle East [2]. However, the major-
ity of MDROs will either be imported by local patients or 
be selected by antibiotics as well as partly transmitted in the 
hospital or health care facility itself.

This review will discuss an evidence-based alternative 
approach to the classical “screening, isolation, and eradi-
cation” one with a special emphasis on restricted usage of 
antibiotics, reduction of the bacterial burden of patients with 
antiseptics, and an increase in compliance with hand hygiene 
guidelines.
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Epidemiology

Methicillin-resistant Staphylococcus aureus (MRSA) is one 
of the leading MDRO and an important cause of health care-
associated infections worldwide. MRSA was first discovered 
in the 1960s, and since then, it has become endemic in a vast 
array of health care settings in many countries around the 
world. Interestingly, however, after many years of steadily 
increasing, MRSA infection rates have started to decline in 
several countries. For example, in the European Union (EU), 
the mean percentage decreased from 18.8% in 2012 to 16.8% 
in 2015. This decrease could be partly due to the develop-
ment of new antibiotics with an activity against MRSA in 
the last decades.

The prevalence of vancomycin-resistant enterococci 
(VRE) has remained almost unchanged in the EU with 
about 8% in 2015. However, in some countries, resistance 
rates are steadily increasing [3]. This trend is of concern 
since in comparison to MRSA, therapeutical options are cur-
rently even more limited. In contrast, resistance in Gram-
negative bacteria caused by extended-spectrum ß-lactamases 
(ESBLs) is growing dramatically worldwide. Since these 
organisms are also often resistant to fluoroquinolones, anti-
biotic therapy options depend mainly on carbapenems. Thus, 
the worldwide increase in carbapenemase-producing strains 
is of major concern since there are no well-approved antimi-
crobial regimens currently available.

In a recent prospective multinational study, Grundmann 
et al. collected carbapenem non-susceptible isolates of Kleb-
siella pneumoniae and Escherichia coli from 455 hospitals 
in 36 EU-associated countries [4]. The prevalence of car-
bapenemase-producing organisms was on average 1.3 per 
10,000 hospital admissions, with a range from 6 in Italy to 
0.02 in Norway. 850/2301 (37%) of K. pneumoniae sam-
ples and 77/402 (19%) of E. coli samples were carbapen-
emase producers with KPC, NDM, OXA48, and VIM being 
the most common enzymes. The authors emphasize that 
although for most isolates alternative therapeutic options 
were available, resistance to all tested antibiotics was also 
reported in some cases.

In a systematic review and meta-analysis of 66 studies 
comprising 28,909 individuals, Karanika et al. determined 
the rate of fecal colonization with extended-spectrum ß-lac-
tamase-producing enterobacteriaceae. The pooled world-
wide prevalence of gut colonization was 14% (46% in Asia, 
only 4% in northern Europe, 6% in southern Europe) with a 
yearly increase of 5.4%. Main risk factors for colonization 
were antibiotic use within the past 4–12 months (RR = 1.6) 
and international travel (RR = 4) [5].

In Germany, recent data from the national nosocomial 
infections surveillance system (KISS) showed that approxi-
mately 3.5% of patients in intensive care units (ICUs) and 

1.5% of patients on normal wards were tested MDRO-posi-
tive. The vast majority of these patients was colonized only 
and did not get an infection, e.g., 80% with MRSA and VRE 
and 50% with Gram-negative bacteria resistant to penicillins, 
cephalosporins, and quinolones [6]. In addition, according to 
the recent KISS data up to 80% of MDRO-positive patients 
were already colonized at the time of admission. Thus, 
nowadays, MDRO is no longer a predominantly hospital-
associated problem, but more worrisomely, it is present in 
the ambulatory field and beyond.

Preventative strategies

Classical approach

Screening

In many infection control guidelines, swab-based screening 
for MDROs is recommended to identify asymptomatic carri-
ers [7, 8]. Typical screening sites include nostrils, throat, and 
groin for MRSA and the perineal region for Gram-negative 
bacteria and VRE. However, important details concerning 
the best methodology are always lacking, e.g., which kind of 
swab to use, as there are many different materials available, 
e.g., rayon, polyurethane foam, or flocked nylon, which have 
a major impact on the detection rate. Warnke et al. com-
pared different types of swabs for nasal MRSA screening in 
an artificial nose model. The best results were achieved for 
flocked nylon swabs with a sensitivity of 100%. Two kinds of 
rayon-made swabs only reached a sensitivity of 13 and 0%, 
respectively [9]. For Gram-negative bacteria, swabs made of 
nylon flocks or polyurethane foam were found to be supe-
rior to conventional rayon swabs (p < 0.001). In addition, 
swabbing deep intra-anally resulted in significantly higher 
recovery than perianal swabbing only (p < 0.001) [10]. Thus, 
the material and the structure of the swab itself have a major 
influence on the detection rate. However, neither are men-
tioned in infection control guidelines nor described in detail 
in most studies. In addition, the optimal frequency of the 
screening is also still under debate, e.g., entry screening, 
daily, weekly, or exit screening. Furthermore, different labo-
ratory techniques can also be applied, e.g., normal culture, 
selective agars (e.g., chromogenic agar), or molecular tech-
niques, and in the majority of the cases, the kind of tech-
nique is also not known to the clinician—although this can 
once again influence the detection rate.

Although all these limitations and pitfalls are obvious and 
known within the health care community, still infection con-
trol instruments, such as contact precautions with or with-
out single room isolation, rely only on the screening results. 
Moreover, it is also still under debate which patient popu-
lation should be screened: some medics demand universal 
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screening, others try to define populations at risk. Finally, 
especially with a low detection rate of approximately only 
1–2%, the cost–benefit ratio of screening is questioned in 
the literature [11].

In conclusion, due to the many different aspects, screen-
ing is very difficult to standardize and to the best of our 
knowledge so far not standardized. Therefore, false negative 
as well as false positive results are frequent. Thus, we advo-
cate that screening should not be the major instrument used 
to assess a patient’s pathogen-specific colonization status.

Isolation

In most guidelines concerning the management of MDRO, 
contact precautions (CPs), including standard precautions 
plus isolation in a single room and usage of gowns and 
gloves are considered as essential infection control instru-
ments to prevent transmission in a hospital setting. How-
ever, since most clinical studies investigating the effec-
tiveness of these infection control measures have major 
deficiencies in design and reporting, evidence to support 
this approach is rather limited. On the other hand, one 
cannot exclude that well-designed prospective randomized 
controlled clinical studies might reveal a favorable effect.

In a prospective interrupted time series analysis in three 
general medical-surgical ICUs of two teaching hospitals in 
London, Cepeda et al. investigated the effect of moving or 
not moving MRSA-positive patients into single rooms to 
prevent MRSA transmission [12]. A cohort with 443 MRSA-
positive patients was put into single room, and thus isolated; 
whereas, the other cohort with 423 patients was not. Both 
groups were screened regularly over a 6-month period. 
Interestingly, MRSA acquisition rates were similar for both 
cohorts. In detail, isolated and non-isolated patients had col-
onization rates of former negative patients of 12 and 10%, 
respectively. Compliance with hand hygiene was monitored 
during the study period and was estimated to be a very low 
21% only. The authors conclude that in a setting of similar 
patient characteristics, MRSA acquisition rates could not 
be reduced by CPs alone, especially with a low compliance 
with hand hygiene.

In a systematic review and meta-analysis of nine stud-
ies, including a total of 30,949 patients, De Angelis et al. 
analyzed the effect of different infection control measures 
aimed at reducing the spread of VRE in a hospital setting. 
Notably, the rate of VRE acquisition was not reduced by CPs 
(RR = 1.08) at all; in contrast, the introduction of alcohol-
based hand dispensers in place and an intensive educational 
program to improve compliance with hand hygiene reduced 
VRE acquisition significantly by 47%. [13]. In general, the 
overall quality of the single studies retracted was low and 
thus the results achieved by the meta-analysis is of limited 

evidence as well. Hence, a prospective randomized clinical 
trial is required to shed light on this particular matter.

Kullar et al. reviewed 15 studies questioning routine use 
of CPs especially for MRSA and conclude that there are only 
a few preliminary data to support this approach in endemic 
settings [14]. For example, Morgan et al. observed a total 
of 7743 health care worker (HCW) activities over 1989 h in 
four acute care facilities and documented that patients sub-
jected to CPs had fewer HCW visits (− 36.4%, p < 0.001) as 
well as direct contacts (− 17.7%, p = 0.02) per hour [15]. In 
addition, significantly more alcoholic hand rubs (+ 15.8%, 
p = 0.001) were performed by HCWs on exiting an isolation 
room. The authors conclude that not CPs themselves but 
probably fewer visits and less direct contact of HCW with 
patients and especially better hand hygiene practices might 
be the reasons for the reduced risk of transmission.

Bardossy et al. investigated the effect of discontinuation 
CP in a retrospective study in an 800 bed teaching hospital. 
There were no significant differences in infection rates with 
MRSA and VRE catheter-associated urinary tract infections, 
ventilator-associated pneumonia, central-line associated 
bloodstream infections, surgical site infections and hospi-
tal-acquired MRSA bacteremia during the two 12-month 
periods including more than 76,000 patients [16]. However, 
asymptomatic transmission of MRSA and VRE were not 
investigated by routine screening. Martin et al. compared 
the laboratory-identified clinical culture rates of MRSA and 
VRE after cessation of CP and introduction of 2% chlorhex-
idine bathing in all units of two hospitals [17]. There was no 
significant difference in screening culture rates for MRSA 
(p = 0.09) and VRE (p = 0.14) before and after discontinuing 
of CP. Calculating the costs for nursing time spent with don-
ning and gloving, costs for personal protective equipment 
and the chlorhexidine washing solution, annual savings of 
643.776$ were achieved.

Furthermore, there is an increasing body of evidence 
showing that cessation of CPs does not lead to an increase 
in infection rates. In a quasi-experimental before-and-after 
study, Edmond et al. examined the effect of discontinuing 
CPs for MRSA and VRE in an 865-bed academic medical 
center [18]. During the study, CPs were replaced by hand 
hygiene promotion and daily antiseptic baths with chlorhex-
idine, and a bare-below-the-elbows protocol was imple-
mented. Compliance with hand hygiene was high with over 
85%; however, the compliance with the antiseptic bathing 
was not monitored. Comparing both strategies, no change 
was noticed in the rates of MRSA or VRE device-associated 
infections—in the ICUs as well as on the normal wards. 
In addition, no changes in catheter-associated urinary tract 
infections, central-line associated bloodstream infections, 
and ventilator-associated pneumonia were observed with 
all other pathogens.
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Almyroudis et al. studied the effect of discontinuing sys-
tematic surveillance and CPs on the incidence of VRE bacte-
remia in a 125-bed hematology–oncology unit [19]. Between 
2008 and 2011, the incidence of VRE bacteremia for patients 
under active surveillance and CPs was 2.32/1000 patient 
days (PD). Interestingly, from 2011 to 2014, surveillance 
and CPs were stopped and the incidence further decreased 
to 1.87/1000 PD. In 2013, daily bathing with chlorhexidine-
impregnated washcloths was additionally implemented for 
all patients.

In addition, there are distinct disadvantages associated 
with the medical care of patients in isolation and these are of 
major concern and reported frequently. For example, Zahar 
et al. compared 170 patients in isolation with 980 non-iso-
lated patients in two ICUs in France. Preventable adverse 
events, e.g., hypo- and hyperglycemia, errors in anticoagu-
lant prescription, and ventilator-associated pneumonia due 
to resistant bacteria occurred significantly more frequent in 
isolation [20]. Patients reported more discomfort, depres-
sion, and anxiety when undergoing CPs and HCWs were 
less likely to visit patients as well as have less contact [21]. 
Compliance of HCWs with basic infection control guide-
lines is low, especially with high proportions of patients 
undergoing CPs [22].

In conclusion, with respect to the limited qualities and the 
diversity of the cited studies, active surveillance and CPs did 
not seem to prevent MRSA, VRE and ESBL transmission 
and infections in a susceptible patient population.

Eradication

In a prospective cohort study, Mattner et al. investigated the 
persistence of MRSA in 1032 MRSA-positive patients of a 
German university hospital between 2002 and 2005 [23]. 
Topical decolonization with mupirocin nasal ointment and 
antiseptic body wash with either octenidine or chlorhexidine 
for 5 days was performed, respectively. The overall half-time 
of MRSA persistence was 549 days and was even prolonged 
if multiple body sites were affected.

Ammerlaan et al. performed a systematic review con-
cerning eradication of MRSA including 23 studies with a 
total of 2114 patients [24]. Nasal application of mupirocin 
for up to 7 days was most effective for MRSA eradication 
with an estimated success of 90% 1 week after treatment. 
However, in the long-term follow-up (14–365 days), recur-
rence of MRSA could be observed in about 40% of patients. 
The effectiveness of topical mupirocin treatment was further 
reduced when multiple body sites were colonized.

Eradication of VRE has been studied with different regi-
mens of antimicrobial agents with high intraluminal con-
centrations, e.g., bacitracin, gentamicin or doxycycline; 

however, the results never showed a sustained decoloniza-
tion due to these regimes [25, 26].

A novel approach with application of oral linezolid, dap-
tomycin, and Lactobacillus rhamnosus following bowel 
preparation with polyethylene glycol achieved VRE clear-
ance only in two of four liver transplant patients [27]. The 
duration of intestinal carriage of VRE is not well investi-
gated, but is suspected to be even longer than MRSA.

The eradication of intestinal carriage of Gram-negative 
bacteria is even more difficult if not impossible. In a double-
blind, randomized, placebo-controlled single center study, 
Huttner et al. investigated the efficacy of an oral decoloni-
zation regimen consisting of colistin, neomycin, and nitro-
furantoin vs. placebo in a total of 54 patients with intestinal 
carriage of ESBL [28]. The primary outcome was detection 
of ESBL in rectal swabs after 28 days with additional cul-
tures taken on day 6 of treatment and on days 1 and 7 after 
treatment. Regarding the primary outcome, there was no 
significant difference between both treatment groups [14/27 
(52%) vs. 10/27 (37%), p = 0.27]. During treatment and on 
day 1 after treatment, intestinal carriage of ESBL was sig-
nificantly lower in the treatment group. However, this effect 
was not observed on day 7 after treatment. Therefore, no 
long-term effect could be demonstrated. Thus, the usage of 
colistin for the purpose of decolonization as one of the last 
remaining effective antibiotics for highly resistant Gram-
negative bacteria has to be questioned critically.

Finally, of note is that all other trials aiming to eradicate 
intestinal carriage of Gram-negative bacteria failed to show 
sustainable success [29].

Therefore, it is well accepted in the medical community 
that these pathogens cannot be successfully eradicated.

Summary of the classical approach

The complex pathogen-specific screening system as imple-
mented in many medical institutions has many limitations 
since the swabbing material to be used, the frequency and 
the location patients should be screened are not well defined. 
In addition, neither the optimal quantity of the medical sam-
ple is known, nor is there any consistent laboratory standard 
to screen for the different MDROs. In summary, the current 
screening systems for complex pathogens that are in opera-
tion today are not standardized, nor can they be since multi-
ple factors, especially sample size are not possible to stand-
ardize. In addition, the patient population that needs to be 
swabbed is not well defined, and thus, varies between medi-
cal institutions. So far, studies investigating the transmis-
sion rate of MDRO from patients undergoing CPs failed to 
find a reduction. However, it should also be considered that 
the study design was not always comprehensive in terms of 
patient numbers or pathogen monitoring, and therefore, the 
overall evidence is still preliminary at this stage. In contrast, 
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disadvantages of single room isolation concerning patient 
discomfort, preventable adverse events, and reduced physi-
cian and HCWs contact time are well described. Finally, 
eradication, even for MRSA, is a major medical challenge, 
and currently, impossible in patients harboring VRE or mul-
tidrug-resistant Gram-negative bacteria. Thus, alternatives 
to current screening, isolating, and eradicating procedures 
are urgently required.

Novel approach: known but neglected

Antibiotic stewardship programs (ABS)

In a recent systemic review and meta-analysis in which 32 
out of 1113 identified articles from between 1960 and 2016 
with more that 9 million patient days (pd) were included, 
Baur et al. could clearly demonstrate the influence of a 
restricted and rational usage of antimicrobials on the emer-
gence of MDRO. With the implementation of the ABS pro-
gram, infections and colonization with MRSA, multidrug-
resistant Gram-negative bacteria, and C. difficile could be 
reduced significantly by 37, 51, and 32%, respectively. These 
interventions were especially effective in hematology–oncol-
ogy departments with a 59% reduction of incidence rates: 
Probably to the low number of available papers, there was no 
effect on the incidence rates of VRE as well as quinolone- or 
aminoglycoside-resistant Gram-negative bacteria [30].

When ABS programs were combined with intensified 
infection control measures, the incidence rates of MDRO 
could be decreased by even up to 70% with hand hygiene 
compliance having the biggest effect of all the infection 
control measures [30]. Therefore, in many countries, infec-
tion control guidelines and strategies with a high level of 
evidence-based data have been proposed and implemented 
over the last decade to support rational use of antibiotics in 
hospitals and medical settings [31, 32].

In a recently published systemic review in the Cochrane 
Database, evidence with high-certainty was found that inter-
ventions due to an ABS program were effective in increas-
ing compliance with local antibiotic policy and reducing 
duration of antibiotic treatment. Lower use of antibiotics 
probably did not increase mortality and likely reduced length 
of stay. However, there was too much variance in microbial 
outcomes to reliably assess the effect of change in antibiotic 
use concerning the emergency of resistance [33].

Hand hygiene

It is often described that a high compliance with hand 
hygiene, e.g., alcoholic hand rubs (AHR), is associated 
with a significant decrease in transmission of nosocomial 
pathogens, including MDROs. Already two decades ago, the 
pioneering work by Pittet et al. carried out at the university 

hospital of Geneva showed the significant effect on infec-
tion rates by increasing hand hygiene compliance [34]. In 
detail, they observed more than 20,000 opportunities for 
hand hygiene and due to intense education of their HCWs, 
compliance progressively and significantly improved from 
an initial 48% to 66% (p < 0.001) over a period from 1994 
to 1997. At the same time, the overall prevalence of noso-
comial infections dropped significantly from 16.9 to 9.9% 
(p = 0.04) and the transmission rates of MRSA were also 
reduced from 2.16 to 0.93 per 10,000 PD (p < 0.001) Impor-
tantly, this success as seen with better patient outcomes at 
this single Swiss medical center was also mirrored by oth-
ers worldwide after also implementing better hand hygiene 
compliance guidelines via educational programs directed 
towards their HCWs [35].

However, compliance with hand hygiene guidelines is 
general low in many medical settings. In a prospective study, 
Scheithauer and colleagues compared direct observation vs. 
calculated disinfectant usage on a surgical (SICU), medical 
(MICU), and neurological ICU (NICU) [36]. During almost 
300 h of observation, they documented a total of 1897 hand 
hygiene opportunities. Under observation, compliance rates 
were 39% for the SICU, 72% for the MICU, and 73% for 
the NICU. However, when compliance rates were calculated 
by disinfectant usage only, these dropped dramatically to 
18% in the SICU, 26% in the MICU, and 22% in the NICU. 
In a prospective observational study, the same authors also 
documented almost 400 h of patient care in a SICU and 
MICU with 1727 hand hygiene indications for MRSA-pos-
itive patients and 1399 hand hygiene indications for ESBL-
positive patients undergoing CPs with single room isolation 
[37]. Overall, compliance with hand hygiene was 49% with 
47 and 43% for MRSA-positive patients and 54 and 51% for 
ESBL-positive patients in the SICU and MICU, respectively. 
Compliance rates were significantly higher after contact 
with patients and body fluids than before any contact with a 
patient, probably as a means of self-protection by the HCWs. 
Finally, gloves were used instead of hand hygiene indication 
2 (before performing an aseptic task) in 38 and 47% of cases 
in the SICU and MICU, respectively.

A time saving approach is the implementation of a local 
champion as a role model, that is, a member of the team 
with a high compliance and taking over the responsibility 
to constantly remind others of proper hand hygiene [38]. In 
addition, direct observation with immediate feedback of an 
infection control nurse is the gold standard to monitor adher-
ence and improve compliance with hand hygiene guidelines. 
However, this approach is labor intense, costly, and subject 
to the Hawthorne effect, i.e., participants may modify their 
behavior as a result of being part of an observational study. 
Therefore, novel techniques to overcome low hand hygiene 
compliance are urgently warranted. Such techniques include 
the usage of new electronic technologies, e.g., video-assisted 
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observation, Wi-Fi-equipped dispensers, or wearable devices 
with digital automatic reporting options [39].

In conclusion, hand hygiene is regarded as the most 
effective single measure to prevent the transmission of 
nosocomial pathogens. However, maintaining hand hygiene 
compliance still requires ongoing education and training, 
motivation, and optimization of workflow. Key instruments 
to maintain high levels of hand hygiene compliance are 
direct observation and the use of new generations of elec-
tronic devices.

Antiseptics

Climo et al. conducted a multicenter, cluster-randomized 
crossover trial, which included 7727 patients from eight 
ICUs and a bone marrow transplant unit (BMTU). Daily 
bathing with 2% chlorhexidine (CHG) impregnated wash-
cloths vs. usual care with soap reduced the transmission of 
both MRSA and VRE from 6.6 to 5.1/1000 pd significantly 
(p = 0.03). In addition, the rate of hospital-acquired blood-
stream infections was reduced by 28% from 6.6 to 4.78/1000 
pd (p = 0.007) [40]. Further, in a cluster-randomized trial, 
including more than 70,000 patients, Huang et al. docu-
mented a significant reduction in MRSA transmission and 
nosocomial bloodstream infections in patients after daily 
bathing with chlorhexidine combined with topical applica-
tion of mupirocin [41].

Derde et al. performed an interrupted time series study 
and cluster-randomized trial with almost 9000 patients in 
different European ICUs. A high compliance with hand 
hygiene guidelines in combination with daily antiseptic 
body wash was observed to be effective in reducing colo-
nization by resistant bacteria, particularly MRSA [42]. The 
Dutch authors conclude that “in the context of a sustained 
high level of compliance to hand hygiene and CHG bathing, 
screening and isolation of carriers do not reduce acquisi-
tion rates of multidrug-resistant bacteria”. In other words, 
screening and isolation had no additional effect on reducing 
colonization rates. Thus, the application of antiseptics in 
daily patient care in ICUs seems to be a promising alterna-
tive technique, especially when supported by a high level of 
compliance with hand hygiene guideline, even in the light 
of substantially lower rates of MDROs in Europe compared 
to the United States.

Finally, there is a legitimate concern about the emer-
gence of chlorhexidine resistance. In this context, reduced 
susceptibility to chlorhexidine has already been observed for 
extremely drug-resistant strains of Klebsiella pneumoniae—
a situation that thus needs to be further monitored [43]. A 
novel mechanism responsible for the adaption of K. pneumo-
nia to CHG has recently been described as specific genetic 
mutations; in five out of six wild types these mutations led 
in addition to resistance to colistin [44]. On the other hand 

most of the CHG exposure of patients in the ICU would be 
explained by hand disinfectants or liquid soaps containing 
CHG [45].

In conclusion, there is valid and robust evidence that 
with a daily whole body wash with antiseptics in addition 
to standard infection control measurements, screening and 
isolation do not add any benefit. This body of evidence is 
derived from multiple well-designed randomized clinical tri-
als, including more than 100,000 patients and from both the 
USA and Europe [40–42]. In addition, mathematical mod-
els show that universal decolonization is a cost-effective 
strategy to prevent MRSA transmission and infection in the 
endemic setting, especially for patients in ICUs [46]. How-
ever, reduction in susceptibility against CHG is of concern 
and should be monitored.

Transmission of MDROs in the hospital setting

In a recently published single center, longitudinal cohort 
study from England, transmission of S. aureus (Methicil-
lin sensitive and Methicillin resistant) in an ICU was inves-
tigated [47]. Over a period of 14 months, 198 HCWs, 40 
environmental locations and 1854 patients were sampled 
for the presence of S. aureus, a total of 1819 isolates was 
analyzed with whole genome sequencing (WGS). S. aureus 
was detected in 36.9% (73/198) of the HCWs, up to 32% of 
the environment and in 20% of the patients (371/1854). Rou-
tine infection control consisted of hand hygiene when indi-
cated, daily antiseptic whole body washes, and once daily 
environmental disinfection. In general, contact precaution 
was not performed since the majority of the strains were 
oxacillin susceptible. In total, 25 identical pairs of strains 
were identified by WGS, resulting in a transmission rate of 
1.3% (25/1819), only: 7 times from HCW, 2 times from the 
environment, and 16 times between patients. Although some 
important data, e.g., hand hygiene compliance and antibiotic 
consumption are lacking and the 4 weeks’ interval between 
the screenings might underestimate the role of HCW tran-
sient carriage, this study demonstrates the limited role of the 
environment and HCWs in transmitting S. aureus when a 
high standard of hygiene is present. Thus, a high compliance 
with standard precautions and hand hygiene should prevent 
transmission substantially.

In a retrospective study, Ford et al. investigated the risk 
of VRE transmission in a hematology–oncology unit [48]. 
From 2006 to 2014, 780 patients were reviewed, the major-
ity of whom were accommodated in single rooms. After 
terminal disinfection, which was performed twofold, VRE 
was still detectable in 10% of the rooms. However, the rate 
of colonization was not increased in patients with a prior 
VRE-colonized room occupant (12.7 vs. 11.2 cases/1000 
PD, p = 0.4). Molecular typing of 20 paired isolates from 
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patients and prior occupants with PCR revealed identical 
strains in only 1 pair.

In an observational study at the University Hospital 
Basel, Switzerland, infection control experts investigated 
the transmission of ESBL-producing enterobacteriaceae 
without contact isolation [49]. From 1999 to 2011, a total 
of 93 ESBL-positive patients with 220 contact patients were 
included. The most common pathogens were Escherichia 
coli (73.1%) and Klebsiella pneumoniae (23.7%) and the 
mean exposure time to the index case was 4.3 days. A total 
of 133 screening samples from patients that shared the same 
room with a patient colonized or infected with ESBL-pro-
ducing Gram-negative bacteria were analyzed. In only 1.5% 
of cases was a nosocomial pathogen transmission confirmed 
by molecular typing with pulsed field gel electrophoresis 
(PFGE). Thus, the authors stated that particularly with E. 
coli, nosocomial pathogen transmission without contact 
isolation is rare, and thus, a high level of standard infec-
tion precautions might be sufficient as an infection control 
standard in non-epidemic settings.

In contrast, Mitchell et al. stated in a systematic review 
and meta-analysis that the risk of acquiring an organism 
from prior room occupants is statistically increased [50]. 
They reviewed nine publications looking at different patho-
gens, i.e., MRSA, VRE, ESBL-producing Gram-negative 
bacteria, Pseudomonas aeruginosa, Acinetobacter bauman-
nii, and C. difficile. They found that 6.2% (287/4643) of the 
patients acquired a pathogen from prior occupants, whereas 
only 3.2% (1112/34.886) of the patients admitted to unbur-
dened rooms acquired one of the studied organisms. Eight 
out of nine studies applied phenotypical microbiological dif-
ferentiation, only, and the one study in this review applying 
molecular typing (PFGE) found that occupying the same 
room concerning acquisition of ESBL-producing bacteria 
was not a significant risk factor [51].

In conclusion, transmission—independent of whether of 
Gram-positive or Gram-negative bacteria—is a rather rare 
event in hospitals in an endemic setting in contrast to out-
breaks—and is often overestimated, especially with regard 
to MDROs. When molecular techniques are applied, dif-
ferent genotypes are mostly revealed. Thus, the benefit of 
implementing rather strict infection control strategies with 
the known disadvantages outlined above is questionable.

Summary

Current epidemiological studies have shown a worldwide 
increase in resistant pathogens, especially in ESBL-pro-
ducing Gram-negative bacteria having become the most 
common resistant pathogen worldwide and thus exceeded 
MRSA. The vast majority of patients with MDROs who are 
currently admitted to the hospital are already colonized or 

infected with these pathogens, so bacterial resistance is no 
longer a hospital-associated phenomenon. In addition, the 
vast majority of patients is and will remain colonized, only.

To date, the concept of “screening, isolation, and eradica-
tion” is recommended in many infection control guidelines. 
The aim is to detect MDRO early on to try to prevent its 
transmission, thereby reducing the bacterial burden. How-
ever, evidence to support this infection control strategy is 
still scarce and the results of many studies are inconclusive, 
and even, contradictory.

Concerning screening for pathogens, many questions are 
still a matter of medical debate, e.g., which swabs to be used, 
location and frequency, quantity of material required, and 
the laboratory technique to be applied. Moreover, screening 
is not at all standardized to date, despite being the major 
initial trigger for further infection control precautions. Fur-
ther, the quality of the studies investigating the effects of 
CPs is very limited and the evidence that such measures 
prevent transmission is weak. However, medication errors, 
less time spend with patients, depression and anxiety of 
the patients due to isolation, as well as additional costs are 
well described. For MRSA, long persistence and a high 
recurrence rate after eradication are well documented and 
attempts to eradicate VRE or resistant Gram-negative bac-
teria are not even recommended.

Thus, an alternative regimen to this pathogen-specific 
“vertical approach” with a pathogen-independent “horizon-
tal approach” is urgently needed to counter this ever-grow-
ing medical problem. Antibiotics, known to be the major 
driver and trigger for MDROs, are still overused and partly 
abused, e.g., prolonged surgical site prophylaxis, treatment 
of asymptomatic bacteriuria, or upper respiratory infec-
tions. A limited and restricted usage of antimicrobials has 
been requested from different societies all over the world 
for decades. There is overwhelming evidence that by imple-
menting ABS programs, the prevalence of MDROs will be 
reduced significantly. Thus, additional infectious disease and 
infection control specialists are urgently needed to address 
this pressing medical issue and to help better implement 
the required measures aimed at solving this worldwide and 
ever-growing pathogen problem.

It is well accepted that hand hygiene compliance is the 
major single infection control measure that is effective 
in preventing transmission. However, compliance is still 
surprisingly low and action needs to be taken so that it is 
increased and stays increased. Note that clean hands do not 
only reduce transmission of MDROs, but also of sensitive 
organisms that can cause more than 95% of nosocomial 
infections. Thus, continuing education, bedside observa-
tion, and new tools, such as electronic wearables and Wi-
Fi-equipped dispensers, are all options to help improve this 
current lack of compliance.
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Finally, full and daily body washes with antiseptics did 
show in specific settings, e.g., ICUs and a BMTU, a reduc-
tion in the transmission of MDROs, especially deriving from 
the body surface, e.g., MRSA and VRE. In well-designed 
studies, antiseptic body washes were observed to have simi-
lar effects compared to screening and isolation measures. 
However, the possible emergence of reduced susceptibility 
to antiseptics such as chlorhexidine must also be considered.

In conclusion, instead of the popular current “screen-
ing, isolation, and eradication” approaches, we advocate to 
increase the effort to train infectious disease and infection 
control specialists with the implementation of ABS pro-
grams, to set up better hand hygiene compliance regimes 
with monitoring to maintain a high level of compliance as 
well as to perform daily antiseptic body washes in a specific 
patient populations (Table 1).

Table 1   Advantages and disadvantages of the classical versuch the novel approach

Advantages Ref. Disadvantages Ref.

Classical approach
 Screening Adherence to infection control guidelines

Detection of asymptomatic carriers
Following political, public and patient 

requests and concerns
In case of accusation: proof that patients were 

already colonized when admitted

[7, 8]
[7, 8]

No international/national standard
Limited sensitivity
Costly benefit ratio questionable
Arbitrary definition between ambulant 

(< 72 h) and nosocomially (> 72 h) acquired

[9, 10]
[9, 10]
[11]
[7, 8]

 Eradication Decrease of risk of transmission by eradica-
tion

Decreased risk of infection

[23, 24] High recurrence rate in up to 40% of MRSA
Failure to achieve eradication in VRE and 

Gram-negative bacteria
Usage of colistin in many eradication regimen 

as “last resort antibiotic”

[23, 24]
[25–29]
[28, 29]

 Isolation Adherence to infection control guidelines
Well accepted as infection control tool in 

outbreak setting
Well investigated in a bundle approach to 

prevent transmission

[7, 8]
[7, 8]
[7, 8]

No reduction in colonization and infection 
rates

Less visits and less direct contact time
Discontinue had no adverse impact on infec-

tion rates
Increase in preventable adverse events and 

medical errors
Isolated patients experience more anxiety, 

depression and fear
Compliance with standard infection control 

decreases when many patients are in CP
Stigmatizing of patients in isolation
Extra costs for personal protective equipment

[12, 13]
[15]
[15, 21]
[18]
[19]
[20]
[20]
[21]
[22]

Novel approach
 Antibiotic stewardship Significant reduction in MDRO

Significant reduction of CDI
Adherence to guidelines with high level of 

evidence
Increase of compliance with local antibiotic 

policy
Reduction in duration of antibiotic therapy
Cost saving due to less antibiotic usage

[30]
[30]
[31, 32]

Limited numbers of infectious disease spe-
cialists available in some countries (e.g., 
Germany)

Additional personnel costs

[31, 32]
[31, 32]

 Antiseptic washing Significant reduction of transmission of 
MRSA and VRE in ICU and BMT

Significant reduction of BSI in ICU
As an horizontal approach effective for sensi-

tive pathogen, as well
Time saving in comparison to washing with 

water and soap

[40]
[40, 41]
[41]

Concern of emergence of resistance against 
CHG

Reduced susceptibility against CHG has been 
observed

Different mechanisms of reduced susceptibil-
ity in bacteria has been described

Adverse events

[43, 45]
[43]
[44]
[40, 41]

 Hand hygiene Reduction of transmission of MDRO
Reduction of infection rates
As an horizontal approach effective for sensi-

tive pathogen, as well
Additional personnel protection against poten-

tial infectious pathogen

[34, 35] In general, low compliance
Additional time, commitment and effort 

requested to improve compliance
New equipment (e.g. Wi-Fi surveillance, 

wearables) require technical and financial 
support

[36, 37]
[34, 35, 38]
[39]
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