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Introduction
In his Nobel Prize lecture in 1945, Fleming pointed out 
the easiness of making microbes resistant to penicillin 
“by exposing them to concentrations not sufficient to 
kill them”. In a famous lecture [1], Rice generalized this 
finding and concluded that the most reasonable strategy 
to minimize resistance is to “stop irritating the bacteria: 
(1) before therapy begins by treating only patients who 
are truly infected; (2) during therapy, avoiding the use of 
combination therapy when a single agent will suffice; (3) 
at the tail end of therapy, by treating only for as long as is 
required to cure the infection.”

These voices of reason were clearly comforted by 
numerous studies demonstrating that an increase in the 
use of one particular antimicrobial is always associated 
with the emergence of strains or species that are resistant 
to that antimicrobial [2]. Many studies demonstrated the 
link between antibiotic use and antibiotic resistance, both 
at a unit and individual level, and on the infecting flora as 
on the gut microbiota.

Emergence of resistant bacteria worldwide: a need 
for antibiotic stewardship programs
This voice is particularly critical since the epidemio-
logical situation of resistance is catastrophic. The con-
junction of uncontrolled use of antimicrobials and the 
diffusion in the community of multidrug-resistant organ-
isms (MDRO) and now extensively drug-resistant bac-
teria is tricky. Furthermore, the worldwide diffusion 
of these extensively resistant bacteria is fostered by an 
increasing access to travel and migration.

Nowadays, transmission of MDRO occurs not only in 
hospitalized patients but also in healthy subjects. In the 
community, extended-spectrum beta-lactamase-produc-
ing enterobacteria (ESBL-PE) carriage rates reach 6–10% 
in Europe, 10–12% in the USA, 40–50% in eastern Medi-
terranean countries, and above 70% in Southeast Asia [3]. 
Acquisition rates of ESBL-PE by European travelers are 
about 30% in America, 40% in Africa, and 70% in Asia 
[4]. ESBL-PE acquisition after travel is able to diffuse to 
other family members in 12% of the cases [5]. ESBL-PE 
carriage in healthy people is 14% worldwide on average 
and increases by more than 5% per year [6]. Even in the 
Netherlands ESBL-PE carriage is 8.6% in healthy people, 
favored by recent antimicrobial use [7].

The spread of carbapenemase-producing gram-nega-
tive bacteria (GNB) in the community mimics the ESBL-
PE pandemic [8]. A systematic review showed a rate of 
5–10% in the USA, and up to 29.5% in one study from 
Taiwan. The diffusion of carbapenemases in hospital 
plays also an important role in amplifying the spread of 
resistance. In both community and hospital settings, 
antibiotic therapy favored resistance maintenance in the 
microbiota and resistance diffusion. Colistin remains one 
of the major last-resort therapies to treat infections with 
carbapenemase-producing GNB.

The key domains of antibiotic stewardship programs 
have been discussed in a recent international expert panel 
[9]. Efforts should be focused on an appropriate and early 
adequate therapy of infection limiting the antibiotic colo-
nization pressure. The key messages of this task force are 
use better risk stratification, early diagnosis of infection 
processes, optimization of targeted therapy, and preven-
tion of nosocomial infection and cross-transmission.

Selective digestive decontamination 
with antimicrobials: more risks and threats 
than individual benefits (Table 1)
Among available prevention strategies, decontami-
nation therapy remains clearly controversial. Indeed, 
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meta-analyses based on recent studies performed in 
the Netherlands are in favor of the use of selective oral 
decontamination (SOD) or selective digestive decontami-
nation (SDD) with a few days of intravenous (IV) anti-
biotic therapy to decrease nosocomial pneumonia. SDD 
combining colistin, tobramycin, and amphotericin B with 
or without vancomycin was associated with a decrease 
in the rate of ICU deaths when associated with IV anti-
microbials (mostly third-generation cephalosporins or 
fluoroquinolones).
Authors from the Netherlands concluded that only in 
ICUs with low levels of antibiotic resistance, SDD and 
SOD improved patient outcome and reduced infections 
and carriage with antibiotic-resistant pathogens.

Unfortunately, the impact of SOD and SDD with-
out IV antimicrobials did not affect mortality. The very 
recent cluster cross-over randomized trial RGNOSIS 
study (ClinicalTrials.gov NCT02208154) comparing the 
impact of oral care with chlorhexidine, SOD, and SDD 
without IV antibiotic to a control group in 13 European 
ICUs and 8665 patients outside the Netherlands was 
totally negative in terms of rate of bloodstream infec-
tions due to MDRO (primary endpoint) (adjusted odds 
ratios (95% confidence interval) for day 28 mortality were 
1.07 (0.86–1.32), 1.05 (0.85–1.29), and 1.03 (0.80–1.32) 
for chlorhexidine mouthwash, SOD, and SDD versus 
baseline, respectively), of mortality, and of acquisition of 
MDRO as was the unit-wide use of systemic antibiotics. 
Considering the preliminary results of this study, antimi-
crobial administration by intravenous route is the only 

component of the SDD regimen that is really protective. 
The effect of SOD/SDD associated with IV antimicrobi-
als in settings with higher levels of antibiotic resistance 
remains to be evaluated, as does the efficacy of SDD and 
SOD in specific patients groups [10].

Knowing that resistance is spreading rapidly, that anti-
biotics may favor this spread, and that oral and digestive 
antibiotics contain colistin, the antipathy that we should 
have against SDD is obvious.

First, the largest study in the analysis shows a reduction 
in third-generation cephalosporin-resistant GNB after 
SDD. However, an ecological analysis of this same study 
shows a temporal increase in resistant bacteria in recipi-
ents of SDD and a rebound after discontinuation [11].

Second, short- and long-term data on the impact of 
SDD on the gut microbiota and emergence of resistance 
are worrisome. In a single-patient longitudinal study per-
formed by the Utrecht team, Buelow et al. found a 6- to 
7-fold increase in the aminoglycoside resistance genes 
carried by anaerobic commensals, a resistance easily 
transferable [12]. In another study, the same group found 
that four resistance genes providing resistance to amino-
glycosides, macrolides, disinfectants, and tetracyclines 
were significantly more abundant among ICU patients 
than in healthy subjects [13].

Third, SDD given to patients colonized with ESBL-PE 
or carbapenemase-resistant enterobacteria carriers was 
not successful, and even deleterious, especially for the use 
of colistin that can select non-susceptible organisms. The 
use of SDD for 5  years during an ESBL-PE outbreak in 

Table 1 Potential advantages and disadvantages of SDD/SOD with a short course of IV antimicrobial

Advantages Disadvantages

Overall reduction of infections in ICUs with low levels of antibiotic resist‑
ance

Temporal increase in resistant bacteria in recipients of SDD

Better ICU survival (demonstrated in meta‑analyses only) Topical use of antibiotics (against the modern concept of antimicrobial 
stewardship)

Lower incidence of carriage and infections with antibiotic‑resistant 
bacteria

Benefit demonstrated only in centers with low level of antibiotic resistance

Lower use of systemic antibiotics in centers where SDD/SOD has been 
used

No impact on mortality

Eradication of cephalosporin‑resistant Enterobacteriaceae from the intesti‑
nal tract

Increased use of cephalosporin

Increased use of colistin

Emergence of colistin‑resistant strains during persistent gram‑negative 
bacteria colonization over the study period

Long‑term alteration of the microbiota

Occurrence of a rebound effect after the discontinuation of SDD/SOD

Where colistin has been used, significant increase in the colistin MIC and 
increase of bloodstream infections causes by pathogens intrinsically 
resistant to colistin

Where gentamicin has been used for targeted SDD, occurrence of 
gentamicin‑resistant Enterobacteriaceae
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an ICU was associated with a significant increase in the 
colistin MIC and an increase of bloodstream infections 
caused by pathogens intrinsically resistant to colistin 
[14]. In a 2-year Klebsiella pneumoniae carbapenemase 
(KPC)-producing Klebsiella spp. outbreak involving 90 
patients, 14 of them received a 7-day SDD course with 
colistin–gentamicin, which was not effective to decolo-
nize KPC carriers, but resulted in a 19% and 45% increase 
in the resistance to colistin and gentamicin, respectively, 
compared to absence of resistance in the control group 
[15]. Tascini et  al. [16] tested the impact of oral decon-
tamination with gentamicin of 50 KPC carriers. Decolo-
nization occurred in 34 cases but gentamicin-resistant 
KPC appeared in 4/16 persistent carriers.

Conclusion
We concluded (1) that the benefit of SOD or SDD with-
out IV antimicrobials is largely debatable and terribly 
hazardous given the spread of carbapenemase-producing 
GNB in the community; (2) that the use of SOD or SDD 
regimen with IV antimicrobial is effective in the Neth-
erlands for improving outcome of ICU patients, but this 
has not been demonstrated outside the Netherlands.

Prevention of cross-transmission and nosocomial 
infections with an improvement of hand hygiene and 
continuous quality improvement program integrating 
a selected bundle of care is the most important strategy 
to control nosocomial infections and hospital spread of 
extensively drug-resistant bacteria.

Evidence from the literature shows that, although 
SOD/SDD provides a short-term benefit, neither a long-
term impact nor a control of emerging resistance, espe-
cially during outbreaks or in settings with high resistance 
rates, can be maintained. Nowadays, rates of GNB resist-
ance exceeding 30–35% in ICUs represent the rule rather 
than the exception, and carbapenemases are reported 
worldwide. In the era of carbapenem resistance, antimi-
crobials such as colistin and aminoglycosides often repre-
sent the last option in treating multidrug-resistant GNB. 
In this setting, the use of “last-resort” antibiotics should 
be possibly avoided. Given the worldwide dramatic risk 
of spread of extensively drug-resistant GNB, we consider 
that an extensive use of SOD/SDD antimicrobial associ-
ated with IV antimicrobial as prophylaxis should not be 
used.
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