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75018 Paris, France

D. Koulenti
Critical Care Department, Attikon University Hospital,
Athens, Greece

D. Koulenti
Burns, Trauma and Critical Care Research Centre,
The University of Queensland, Brisbane, Australia

J.-R. Zahar
Infection Control Unit, Angers University Hospital,
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Multidrug resistant organisms (MDROs) represent not
only a major threat to public health but also place a sig-
nificant burden on patients and healthcare systems. The
incidence of MDROs is increasing rapidly worldwide, and
several MDROs cause infections for which virtually no

effective antibiotic is currently available. When a patient
is colonised with a MDRO, it is important to determine
the duration of colonisation and when it is safe to dis-
continue contact precautions. As carriers may reintroduce
the MDRO into healthcare facilities, with the risk of
subsequent spread of the infection, identification of the
risk factors associated with prolonged carriage is critical.

Identifying persistent carriers at readmission has
become an integral part of programmes designed to
control the spread of MDROs in healthcare facilities.
Many studies have focused on the use of early medical
alert systems at readmission with the aim of establish the
duration of MDRO carriage. In a study published in this
issue of Intensive Care Medicine, Haverkate and col-
leagues assessed the duration of MDRO carriage using
data from the MOSAR intensive care unit (ICU) trial that
included 14,390 patients from 13 ICUs in eight European
countries [1]. The aim of the MOSAR ICU trial was to
assess the impact of different strategies to control the
spread of MDRO, while the goal of this ancillary study
was to determine the duration of colonisation with various
MDROs, namely methicillin-resistant Staphylococcus
aureus (MRSA), highly resistant enterobacteriaceae
(HRE), most of which are extended-spectrum beta-lacta-
mase-producing Enterobacteriaceae (ESBLPE) and
vancomycin-resistant enterococci (VRE).

The patients included in the study of Haverkate et al.
[1] had been colonised with a MDRO during a previous
stay in the ICU and later readmitted to the ICU and
screened. When all MDROs were considered together, the
median duration of carriage was 4.8 months; in compar-
ison, the median duration of carriage of MRSA, HRE and
VRE when considered separately was 0.4, 1.4 and
1.5 months, respectively. The major strengths of this
study are its multicentre design, the assessment of car-
riage of several MDROs in the same patient population
and the statistical analysis that accurately accounts for
censoring. Surprisingly, the median duration reported by
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these authors for each category of MDRO is shorter than
those reported in earlier studies (Table 1). The authors
substantiated their results by performing both a sensitivity
analysis which showed that their results remained stable
under different hypotheses and different analyses to cal-
culate the survival function.

Several factors could explain the differences between the
results of Haverkate et al. [1] and those reported by authors
of other studies in the field. As mentioned, the study of
Haverkate and colleagues was derived from the MOSAR
ICU trial, which was not designed to assess MDRO clear-
ance. The authors also acknowledged several limitations to
their study, including a lower sensitivity to detect persistent
carriage because of: (1) screening samples without
enrichment broth, (2) using perirectal swabs rather that
rectal swabs for detecting VRE and HRE and (3) freezing
and storage of the swabs before culture during one study
phase. In addition, patients were considered to be free of
MDRO carriage if the results of two successive screenings
were negative, whereas most guidelines recommend three
negative samplings due to possible intermittent carriage

[2, 3]. While all of these factors could account for a false
negative screening at readmission in the study of Haverkate
and colleagues, they are unlikely to account for the
important difference in MDRO clearance compared to data
reported previously.

The short duration of MDRO carriage reported by
Haverkate et al. [1] is at odds with that expected in this
patient population. Indeed, the study population was
likely to be at high risk of persistent carriage as the
included patients were first discharged from the ICU and
then readmitted to the ICU at a later date. Unfortunately,
factors previously reported to be associated with persis-
tent carriage, such as the presence of invasive devices,
antimicrobial exposure and stay in a downstream unit
after ICU discharge, were not recorded by these authors.

It is important to emphasise that the survival curves
(see Figure 2 of Haverkate et al. [1]) depict that the
clearance of MDROs may have two slopes: an initially
short 1- to 2-month period with rapid MDRO clearance in
half of the carriers, followed by a plateau of 1 year with
persistent carriage of HRE and MRSA in about 40 % of

Table 1 Description of studies that have assessed the duration of carriage in various multidrug resistant organisms

Studies on multidrug resistant organisms Patients (n) Duration of carriage,
months (median)

Factors associated
with prolonged carriage

Methicillin-resistant Staphylococcus aureus (MRSA)
Scanvic et al. [6] 78 8.5 Skin lesions

LTCF
Marshall et al. [7] 116 7.4 Skin lesions

Antibiotic treatment
Indwelling devices
Immunosuppressive therapy
Haemodialysis
Eradication treatment

Robicsek et al. [4] 824 1 ICU
Pressure ulcer

Mattner et al. [3] 403 18.3 Multiple sites of colonisation
Larsson et al. [8] 535 5.9 Household contact with MRSA

Young age
Spa type t002
Multiple sites of colonisation
Eradication treatment (protective)

Haverkate et al. [1] 48 0.4 ND
Highly resistant enterobacteriacae (HRE) (ESBL)

Apisarnthanarak et al. [9] 24 3.4 Antibiotic treatment
Zahar et al. [10] 62 4.4 Rehabilitation unit
Birgand et al. [11] 448 6.6 Colonisation only
Titelman et al. [12] 61 *8 Phylogroup B2

CTX-M9
Haverkate et al. [1] 101 1.4 ND

Carbapenemase-producing enterobacteriacae (CPE)
Feldman et al. [13] 125 ND Invasive device

Low functional status
LTCF

Vancomycin-resistant enterococci (VRE)
Mascini et al [14] 20 [6 Carriage of the outbreak isolate
Byers et al [2] 116 ND Antibiotic treatment
Haverkate et al. [1] 19 1.5 ND

ESBLPE Extended-spectrum betalactamase-producing enterobacteriacae, ICU intensive care unit, ND not determined, LTCF long-term
care facilities
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the initial population. The same pattern has been observed
in other published studies [4]. The phenomenon of rapid
clearance may correspond to a specific population without
risk factors for persistence, whereas the persistence could
correspond to patients with risk factors associated with
persistent carriage.

It is unclear why the results of Haverkate et al. [1]
differ from those of previous studies. However, the
median duration of carriage in their study was similar for
the three MDROs under surveillance, which is in accor-
dance with published data. Apart from chronic skin
lesions that are specifically associated with prolonged
MRSA carriage, other risk factors for persistent carriage
are similar for these three MDROs, i.e. stay in a long-term

care facility or rehabilitation unit, use of antimicrobials
and invasive devices and debilitated state of patient
(Table 1). Even using these risk factors, a score of colo-
nisation persistence with high negative predictive value is
still needed in order to limit active surveillance to a subset
of at-risk patients at hospital and ICU admission.

In conclusion, the high percentage of persistent car-
riage of MDROs up to 1 year after discharge from the
ICU highlights the ability of MDROs to persist in sus-
ceptible patients and to form a reservoir for dissemination
at readmission [5]. In line with results reported previ-
ously, the findings of Haverkate et al. [1] support the use
of hospital information system-based automatic alerts for
preventing the transmission of MDROs.
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