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Abstract Objective: To assess the
distribution of bacterial species and
antimicrobial resistance in an ICU
during long-term use of selective
digestive decontamination (SDD)
in the context of national reference
data. Design and setting: Five-year
prospective observational study in
a 24-bed interdisciplinary surgical
ICU of a university hospital (study
ICU) participating in the project
“Surveillance of Antimicrobial Use
and Antimicrobial Resistance in Ger-
man Intensive Care Units” (SARI;
reference ICUs). Patients: Resistance
data were obtained from all patients;
patients intubated for at least 2 days
received SDD (colistin, tobramycin,
amphotericin B). Interventions and
measurements: SDD was performed
in 1,913 of 7,270 patients. Antimi-
crobial resistance was examined
in 4,597 (study ICU) and 46,346
(reference ICUs) isolates. Results:
Methicillin-resistant Staphylococcus
aureus (MRSA) remained stable (2.76
and 2.58 isolates/1000 patient days)
in the study ICU; this was below the
German average (4.26 isolates/1000

patient days). Aminoglycoside- and
betalactam-resistant Gram-negative
rods did not increase during SDD
use. Aminoglycoside resistance of
Pseudomonas aeruginosa was 50%
below the mean value of SARI (0.24
vs. 0.52 isolates/1,000 patient days).
The relative frequency of enterococci
and coagulase-negative staphylococci
(CNS) was higher than in the SARI
ICUs (23.2% vs. 17.3%, and 25.0%
vs. 20.6%, respectively). Conclusion:
Routine 5-year-use of SDD was not
associated with increased antimicro-
bial resistance in our ICU with low
baseline resistance rates. Vigorous
surveillance and control measures to
search and destroy MRSA were con-
sidered a mandatory component of the
SDD program. The relative increase
in enterococci and CNS is of concern
requiring further investigation.

Keywords Selective digestive decon-
tamination · Antimicrobial resis-
tance · Methicillin resistant Staphylo-
coccus aureus · Bacterial spectrum ·
Antibiotic selection pressure
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Introduction

Intensive care unit (ICU) patients are at high risk to
develop severe infections, respiratory infections being the
most frequent [1]. Ventilator-associated pneumonia has
been associated with an attributable mortality of approx.
30% [2]; it contributes to increased morbidity, prolonged
ICU stay and additional costs [3]. Obviously prophylaxis
of such infections is highly desirable.

Selective digestive decontamination (SDD) is an
intervention aimed at preventing infections by selectively
eradicating aerobic Gram-negative bacteria, Staphylo-
coccus aureus, and yeasts from the oropharynx and the
digestive tract [4, 5, 6]. SDD consists of topical application
of nonabsorbable antimicrobials (generally polymyxin, an
aminoglycoside, and amphotericin B); in many trials an
intravenous antibiotic is added for the first days. Although
reduced pneumonia rates [7] and even survival benefit for
certain ICU patients have been shown in meta-analyses [8,
9] and in prospective, randomized trials [10, 11, 12]
of SDD, the routine use of SDD remains controversial.
Proponents claim level 1 evidence for broad-range use
of SDD [13, 14] while other reviewers warn against
it [15, 16], arguing that SDD promotes the emergence
of antibiotic resistance [7, 15]. The increase in micro-
organisms that are intrinsically resistant to the applied
antibiotics, i.e., methicillin-resistant S. aureus (MRSA)
or vancomycin-resistant enterococci (VRE), is suspected
as well as the emergence of aminoglycoside-resistant
Gram-negative bacteria [7, 15, 17]. The available studies
come to conflicting conclusions ranging from “ecological
disaster” [18] to a reduction in antimicrobial resistance
with consequent savings of antibiotics [11]. However, in
many studies the SDD-treated subgroup of the examined
patient population was too small or the time period too
short to elucidate this problem [7].

Therefore we present a 5-year prospective observation
of antibiotic resistance in our surgical ICU, where SDD is
routinely applied in patients intubated for at least 2 days.
To determine the effect of long-term SDD application on
antimicrobial resistance we compared the incidence of
resistant isolates in the study ICU at the beginning of SDD
use with the findings during the following 4 years. In add-
ition to this internal comparison, the resistance data of our
ICU were compared to data from 33 ICUs not using SDD,
as provided by the project “Surveillance of Antimicrobial
Use and Antimicrobial Resistance in German Intensive
Care Units” (SARI) [19, 20].

Materials and methods

Setting and study design

The study was performed in a 24-bed surgical ICU in
a German university hospital. Adult patients of all surgical

departments were treated in this tertiary care ICU. Patients
intubated for at least 2 days routinely received SDD until
extubation. The topical SDD component consisted of col-
istin, tobramycin, and amphotericin B dissolved in aqua
destillata. Every 6 h 5 ml each was given orally and into
the stomach. A written protocol for a systemic component
was not used, but an intravenous antibiotic, either as
anti-infectious treatment or as perioperative prophylaxis
(usually first or second generation cephalosporine), was
administered in approx. 90% of the affected patients
within the first 2 days of admission to the ICU.

Antibiotic resistance rates and the distribution of bac-
terial species were prospectively monitored in the SARI
project between February 2000 and December 2004. ICU
surveillance cultures for any bacterial or fungal species
were performed in the study twice weekly from tracheal
secretions and urine for all patients, independently of
SDD use. Furthermore, since 2001 all patients have
been screened for MRSA. For this aim a set of samples
(nasal swab and tracheal secretions—or throat swabs
from spontaneously breathing patients) was examined
on admission, once weekly during ICU stay and before
transfer. The MRSA screening was combined with rig-
orous isolation measures for MRSA carriers in one-bed
rooms.

Specific microbiological examinations for suspected
infections were carried out as ordered by intensivists.
Susceptibility testing was performed using broth-
microdilution or disc-diffusion methods according to
guidelines published by the National Committee for
Clinical Laboratory Standards [21]. Tobramycin was used
to test for aminoglycoside resistance; amikacin resistance
was not tested. From 2000 to 2002 the resistance data
were listed by hand; beginning in 2003 the data were
extracted from the microbiology laboratory database
Hybase (Cymed, Bochum, Germany). As prescribed for
the members of SARI, device-associated infections were
assessed in the German Hospital Infection Surveillance
System (Krankenhaus Infection Surveillance System,
Kiss; www.nrz-hygiene.de) [20, 22]. Demographic and
medical information for the study were extracted from
the electronic ICU database. The longitudinal course of
resistance data in the study ICU was compared with the
findings at the beginning of SDD use. The reference data
of SARI and KISS served for comparison to rank the
findings in a nationwide context.

The SARI project

SARI is part of the research network “Spread of Nosoco-
mial Infections and Resistant Pathogens.” This national
surveillance system was initiated in February 2000 to
provide an estimate of the prevalence of antimicrobial-
resistant micro-organisms in German ICUs, as described
previously [19, 20]. The SARI project leaves the collection
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and processing of microbiological samples to the routine
of the participants. At present 40 ICUs contribute to the
project. The microbiology laboratories serving the ICUs
deliver the number of tested and resistant isolates for
13 sentinel bacterial species regardless of whether they
are associated with infection or colonization. “Copy” or
duplicate strains are excluded; a copy strain is defined
as an isolate of the same species of bacteria showing
the same antimicrobial susceptibility pattern in the same
patient throughout a 1-month period, independently of
the site of isolation [20]. This definition was applied for
all ICUs participating in SARI, including the study ICU.
In this study the results of all ICUs of the SARI project
which do not use SDD served as national reference data to
rank the findings in the study ICU.

Patients

During the 5-year study period 7,270 patients were
admitted to the study ICU; SDD was carried out in 1,913
of these (60.12% male); their mean length of ICU stay
was 14.75 ± 11.39 days. The most frequent reasons for
intensive care treatment were neurosurgical interventions
(25.9%), cardiovascular surgery (23.7%), severe trauma
(17.1%), extended abdominal surgery or peritonitis
(14.5%), and respiratory insufficiency after any type of
surgical intervention (10.9%). In the study ICU 4,597
bacterial isolates were obtained from the total patient
population. Approx. 70–80% of these originated from
surveillance cultures. The 33 non-SDD ICUs reported
47,127 isolates. The number of isolates per 1,000 patient
days was 139.2 in study ICU and 86.1 in the non-SDD
SARI ICUs (pooled mean). This difference is a reflec-
tion of the different examination habits in the SARI
project.

Statistics

The incidence density (ID) of resistant isolates was defined
as: [(number of isolates of a bacterial species resistant to
a tested antimicrobial in 1 year)/number of patient days in
the same year)] × 1,000. Differences between the yearly
IDs within the study ICU and compared with the non-SDD
SARI ICUs were tested by the incidence density test. The
proportion of each bacterial species (with the exception of
S. aureus) in the examined spectrum was calculated as:
[(number of isolates of a species)/number of isolates of all
examined species, excluding S. aureus)] × 100. S. aureus
was excluded to avoid a distortion of the calculation since
this species was overrepresented in the study ICU due to
the MRSA screening, which is uncommon in the reference
ICUs. Significance was set at p = 0.05. Statistical analyses
were performed using SAS version 9.1 and EpiInfo 6.04.

Results

The relative proportion of the bacterial species in the
total spectrum is presented in Fig. 1, showing a low
percentage of Enterobacteriaceae (with the exception of
Serratia marcescens) and of nonfermenters in the study
ICU. The proportion of enterococci, coagulase-negative
staphylococci (CNS) and S. marcescens was above the
75th percentile of the reference ICUs. A comparison
of S. aureus isolates was abandoned since the results
would be distorted by the MRSA screening in the study
ICU. This surveillance is widely uncommon in the non-
SDD SARI-ICUs, but resulted in the detection of large
numbers of Staphylococcus aureus isolates in the study
ICU.

The incidence densities of micro-organisms resistant
against the applied topical antibiotics are presented in
Table 1. Methicillin resistance of S. aureus in the study
ICU proved stable when the incidence density of the
first year of MRSA screening (2001) was compared to
that during the last year of the study period (2.76 vs.
2.58/1,000 patient days). On average the number of
MRSA per 1,000 patient days was significantly lower
in the study ICU than in the reference ICUs (3.24 vs.
4.40, p < 0.01; Table 1). In the study ICU, vancomycin
resistance was neither observed in S. aureus nor in En-
terococcus faecalis. Vancomycin-resistant Enterococcus
faecium was introduced with a notoriously colonized
patient in the year 2001 and 2003, respectively. At

Fig. 1 The spectrum of isolated bacterial species is presented for
the study ICU (black bars) in comparison with the pooled mean of
the reference ICUs (hatched bars). The results are given in percent-
ages. The proportion of any particular bacterial species (with the ex-
ception of S. aureus) was calculated as: [(number of tested isolates
of the species)/number of tested isolates of all species excluding S.
aureus)] × 100. S. aureus was excluded from this calculation since
a disproportionately high number of isolates of this species resulted
from MRSA screening, which is uncommon in the reference ICUs.
++, −− Outlier in the study ICU above the 75th and below the 25th
percentile of the non-SDD SARI ICUs
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Fig. 2 The number of vancomycin-resistant Enterococcus faecium
isolates (VRE) are presented for the study ICU (gray squares) and
the complete hospital (black triangles) month by month

the end of 2004, however, five cases of vancomycin
resistant E. faecium appeared (ID 0.68/1,000 patient
days; Fig. 2, Table 1). The numbers of VRE isolates
in the complete hospital and in the study ICU (Fig. 2)
are presented month by month in Fig. 2. Genotyping
results revealed that two strains predominated, indi-
cating a hospital-wide outbreak, which stopped by

Table 1 Longitudinal course of antimicrobial resistance in the study ICU and 33 non-SDD ICUs: incidence density of resistant isolates
(number of resistant isolates/1,000 patient days)

2000 2001 2002 2003 2004 2000–2004

Methicillin-resistant S. aureus
Study ICU 1.01∗∗ 2.76∗∗ 3.80∗ 5.82∗ 2.58∗∗ 3.24∗∗
Reference ICUs 6.04 4.47 3.85 4.43 4.26 4.40

Vancomycin-resistant Enterococcus faecium
Study ICU 0.00 0.15 0.00 0.15 0.68∗∗ 0.21∗∗
Reference ICUs 0.07 0.06 0.01 0.02 0.22 0.08

Aminoglycoside-resistant Escherichia coli
Study ICU 0.00 0.00 0.00 0.15 0.54∗∗ 0.15∗∗
Reference ICUs 0.07 0.07 0.05 0.03 0.07 0.06

Aminoglycoside-resistant Pseudomonas aeruginosa
Study ICU 0.00∗∗ 0.00∗∗ 0.00∗∗ 1.04∗,∗∗ 0.14 0.24∗∗
Reference ICUs 0.57 0.59 0.74 0.44 0.32 0.52

Aminoglycoside-resistant Acinetobacter baumanii
Study ICU 0.00 0.00 0.00 0.15 0.00 0.03
Reference ICUs 0.27 0.13 0.02 0.02 0.01 0.06

Aminoglycoside-resistant Citrobacter spp.
Study ICU 0.00 0.00 0.00 0.00 0.00 0.00
Reference ICUs 0.05 0.03 0.00 0.00 0.01 0.01

Aminoglycoside-resistant Serratia marcescens
Study ICU 0.00 0.00 0.00 0.00 0.00 0.00
Reference ICUs 0.00 0.03 0.00 0.00 0.01 0.01

Aminoglycoside-resistant Klebsiella pneumoniae
Study ICU 0.00 0.00 0.00 0.60∗∗ 0.00 0.12∗∗
Reference ICUs 0.07 0.01 0.03 0.00 0.00 0.02

Aminoglycoside-resistant Enterobacter cloacae
Study ICU 0.00 0.00 0.00 0.30 0.00 0.06
Reference ICUs 0.05 0.04 0.02 0.02 0.02 0.03

∗ p ≤ 0.05 vs. year 2000 in the study ICU (incidence density test); for MRSA the comparison refers to the year 2001, when screening was
started∗∗ p ≤ 0.05 study ICU vs. non-SDD SARI ICUs within the marked time period (incidence density test)

the middle of 2005 (personal communication Dr. Ste-
fan Borgmann, Department of Medical Microbiology
and Hospital Infection Control, Tübingen University
Hospital).

In the study ICU no aminoglycoside-resistant Gram-
negative isolates were found until 2002, but in 2003 a peak
appeared for Pseudomonas aeruginosa, Enterobacter
cloacae, and Klebsiella pneumoniae (Table 1) and in
2004 for Escherichia coli. However, four of the five
aminoglycoside-resistant E. coli, the aminoglycoside-
resistant Klebsiella and Enterobacter isolates, and four of
the seven resistant pseudomonads were obtained within
the first 48 h of ICU admission of the patients in question.

Resistance to antimicrobial substances not part of the
topical SDD regimen is presented in Fig. 3. The incidence
density of resistant isolates is summarized for the three
most important Gram-negative pathogens. The mean rate
of ventilator-associated pneumonia was consistently low
in the study ICU, with 4.2 infections per 1,000 ventilator
days. This was below the 25th percentile (4.3) found in the
surgical ICUs of the KISS project. The mean rate of 2.8
catheter-related bloodstream infections per 1,000 catheter
days in the study ICU was equal to the 75th percentile of
these reference ICUs.
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Fig. 3 The incidence density of isolates (number of isolates per
1,000 patient days) of the three most frequent Gram-negative
bacterial species, which were resistant to β-lactams and quinolones
are given as the pooled mean of the years 2000–2004. The study
ICU and the 33 non-SDD ICUs are presented by grey and dotted
bars, respectively. The tested third-generation cephalosporine
was ceftazidime in Pseudomonas aeruginosa isolates; otherwise
cefotaxime was tested. Meropenem or imipenem was tested to
represent the carabapenems

Discussion

The prevalence of antimicrobial resistance in an ICU is de-
termined by various factors. Mutation of initially suscepti-
ble micro-organisms probably plays a minor role because
it occurs only sporadically. The selection of preexisting
resistant strains during antibiotic exposure is more rele-
vant in terms of quantity. Cross-transmission of resistant
strains, which is promoted by inadequate infection control

measures, is the second important factor. Finally, the intro-
duction of resistant micro-organisms by the admission of
colonized or infected patients contributes to increasing an-
timicrobial resistance [23]. These factors interact in a given
ICU setting since the risk of cross-transmission grows with
rising numbers of patients harboring resistant strains [23,
24]. From an ecological point of view any administration
of antibiotics is expected to promote the growth of micro-
organisms that are intrinsically resistant or have acquired
resistance to the applied substances [25]. This has also
been suspected for SDD prophylaxis [7, 15, 16].

The selection of MRSA is thought to be one of the
greatest risks associated with SDD [7, 26]. In an Austrian
ICU the proportion of MRSA rose from 17% to 81% under
SDD prophylaxis [27], and a Spanish multicenter trial
found significantly more patients colonized by MRSA,
even though this was not followed by increased MRSA
infection rates [28]. The findings in our study ICU paint
a different picture since the MRSA rate remained stable
and constantly below the reference ICUs. This agrees with
the results of several other studies showing no adverse
effects of SDD on methicillin resistance of S. aureus [10,
11, 26]. Two of these trials [10, 11] were performed in an
environment with very low MRSA rates, which means that
there was also low selection pressure for MRSA. However,
in a French ICU with an MRSA frequency of approx.
20% SDD had as well no adverse effects [26]. Early
identification and isolation of MRSA-colonized patients
were thought to be important mechanisms for keeping the
MRSA rate lower than the commonly observed figures in
France [26]. This is corroborated by the data of our study
ICU, where the MRSA rate remained constantly low with
active surveillance and strict isolation measures. Several
studies have demonstrated as well the efficacy of surveil-
lance programs in preventing the spread of MRSA [29,
30], which should, in our opinion, be mandatory if SDD
is applied to a large proportion of patients such as in our
ICU.

The sharp increase in the number of VRE strains
observed in the second half of 2004 raises the question of
whether it was related to the SDD prophylaxis. However,
this hospital-wide outbreak of VRE began in other parts
of our hospital 2 months before the first VRE isolate ap-
peared in the study ICU and was comparable to outbreaks
reported from two other large hospitals not using SDD
in the same region a few months earlier [31]. We cannot
exclude that occult VRE colonization was already present
in our ICU since systematic surveillance and infection
control measures regarding VRE were started thereafter.
Therefore SDD could theoretically have exerted antibiotic
selection pressure promoting growth of enterococci and
thus also of VRE [23, 24]. Indeed, the percentage of
Gram-positive and especially of enterococcal isolates in
the study ICU was higher than in the reference ICUs not
using SDD. In our study only the relative proportions
of the bacterial species can be evaluated. The absolute
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number of isolates cannot be compared between the study
ICU and the reference ICUs of SARI due to the study
design of SARI, which leaves microbiological sampling
to the local examination practices of the participating
ICUs [19, 20]. Thus the importance of Gram-positive
overgrowth for infection rates in the study ICU remains to
be elucidated by another study.

Overgrowth of resistant Gram-negative micro-
organisms has also been reported [32], but a causative
role of SDD was not identified. In most trials SDD
significantly reduced the colonization with aerobic Gram-
negative strains [6, 7, 11, 26, 33]. Occasionally, intestinal
decontamination was even successful in terminating an
outbreak of multiresistant Gram-negative bacilli [34].
This is in keeping with the findings in the study ICU,
where the proportion of P. aeruginosa, E. coli, and K.
pneumoniae isolates was below the 25th percentile of
the reference ICUs. The relatively high percentage of
S. marcescens isolates in the study ICU may reflect the
intrinsic resistance of this species to colistin. However,
this organism is most commonly found in respiratory
infections, and the VAP rates in our ICU were below the
25th percentile compared to national reference data.

Aminoglycoside resistance of Enterobacteriaceae in
SDD-treated patients has been reported several times [18,
33]. Verwaest and coworkers observed tobramycin-
resistant Enterobacteriaceae in 48% of patients receiving
SDD vs. 14% in controls [18]. At first glance our findings
also suggest an increase in aminoglycoside resistance
during SDD use. However, Verwaest et al. [18] and
others [26] excluded isolates obtained within the first 48 h
after ICU admission from data analysis, stating that SDD
should not affect resistance within this period. In contrast,
in the present study all isolates were included according
to the SARI rules. When our data analysis was limited to
isolates from day 3 or later, only one tobramycin-resistant
E. coli isolate remained. Thus in agreement with the
findings of a comprehensive meta-analysis and also more
recent trials [8, 10, 26], SDD had no adverse effect on
aminoglycoside resistance of Enterobacteriaceae in our
study. One potentially important reason for the different
findings is the high rate of baseline aminoglycoside
resistance in the Belgian ICU described by Verwaest and
coworkers [18, 23, 24].

Emergence of resistance to β-lactams or quinolones is
of concern if these substances are used as the systemic
component of SDD. Approx. 90% of the patients received
one of these agents in the first days after admission. As
illustrated in Fig. 3, the resistance to these substances in
our ICU tended to be lower than in national reference data,
suggesting that the SDD regimen neither directly nor indi-
rectly contributed to the emergence of antibiotic resistance
to β-lactams or quinolones. This is in agreement with the
findings of others [26, 33, 35] who observed no effect of
SDD on β-lactam resistance. Furthermore, we did not use
SDD in patients who were expected to stay less than 48 h
in the ICU, resulting in an overall proportion of 26% of pa-
tients receiving SDD. The restriction to patients expected
to derive most benefit from SDD [10, 36] certainly kept
the risk of unnecessary selection pressure low in our ICU
population.

Finally the limitations of the present study design
should be borne in mind. Since our aim was to assess
the effects of routine SDD use in a complete ICU patient
population, it was not possible to establish a classical
control group in the study ICU. On the other hand, the
data from the national surveillance project SARI provide
a yardstick against which to judge the findings during
SDD use [19, 20, 22]. However, the SARI design does
not prescribe standardized microbiological sampling, and
therefore the comparison is limited to relative proportions
of bacterial species. Furthermore, since strict surveillance
and infection control measures were a mandatory part
of our SDD program we cannot know, if the control of
resistance is due to SDD, our search and destroy policy
regarding MRSA, or a combination of these.

In conclusion, the findings of this 5-year observation
confirm that SDD prophylaxis for mechanically ventilated
patients can be safely used with regard to antimicrobial re-
sistance. This should be seen in light of the special cir-
cumstances in our ICU. Firstly, the baseline level of re-
sistance against the applied antibiotics was low. Secondly,
for prompt recognition of changes in this baseline level an-
timicrobial resistance was continuously monitored within
the SARI project. Finally, strict surveillance and isolation
measures were implemented for MRSA. The importance
of the increased proportion of enterococci and CNS re-
mains to be evaluated in future studies.
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