
Intensive Care Med (2023) 49:154–165
https://doi.org/10.1007/s00134-022-06954-0

ORIGINAL

Relationship between immunosuppression 
and intensive care unit-acquired colonization 
and infection related to multidrug-resistant 
bacteria: a prospective multicenter cohort study
Louis Kreitmann1,2, Margot Vasseur1, Sonia Jermoumi1, Juliette Perche3, Jean‑Christophe Richard4, 
Florent Wallet5,6, Myriam Chabani2, Emilie Nourry2, Pierre Garçon7, Yoann Zerbib8, Nicolas Van Grunderbeeck9, 
Christophe Vinsonneau10, Cristian Preda11,12, Julien Labreuche13 and Saad Nseir1,14* 

© 2022 Springer‑Verlag GmbH Germany, part of Springer Nature

Abstract 

Purpose: The impact of immunosuppression on intensive care unit (ICU)‑acquired colonization and infection related 
to multidrug‑resistant (MDR) bacteria (ICU‑MDR‑col and ICU‑MDR‑inf, respectively) is unknown.

Methods: We carried out an observational prospective cohort study in 8 ICUs in France (all with single‑bed rooms 
and similar organizational characteristics). All consecutive patients with an ICU stay > 48 h were included, regardless of 
immune status, and followed for 28 days. Patients underwent systematic screening for colonization with MDR bacteria 
upon admission and every week subsequently. Immunosuppression was defined as active cancer or hematologic 
malignancy, neutropenia, solid‑organ transplant, use of steroids or immunosuppressive drugs, human immunodefi‑
ciency virus infection and genetic. The primary endpoint was the incidence rate of a composite outcome including 
ICU‑MDR‑col and/or ICU‑MDR‑inf.

Results: 750 patients (65.9% males, median age 65 years) were included, among whom 264 (35.2%) were immuno‑
compromised. Reasons for ICU admission, severity scores and exposure to invasive devices and antibiotics during ICU 
stay were comparable between groups. After adjustment for center and pre‑specified baseline confounders, immuno‑
compromised patients had a lower incidence rate of ICU‑MDR‑col and/or ICU‑MDR‑inf (adjusted incidence ratio 0.68, 
95% CI 0.52–0.91). When considered separately, the difference was significant for ICU‑MDR‑col, but not for ICU‑MDR‑
inf. The distribution of MDR bacteria was comparable between groups, with a majority of Enterobacteriacae resistant 
to third‑generation cephalosporins (~ 74%).

Conclusion: Immunocompromised patients had a significantly lower incidence rate of a composite outcome includ‑
ing ICU‑MDR‑col and/or ICU‑MDR‑inf. This finding points to the role of contact precautions and isolation measures, 
and could have important implications on antibiotic stewardship in this population.
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Introduction

Antimicrobial resistance (AMR) is an emerging global 
threat to human health, food safety and economic devel-
opment [1]. Intensive care units (ICUs) are a ‘hot spot’ 
for the emergence and diffusion of AMR [2]. Critically 
ill patients often harbor risk factors for colonization and 
infection with multidrug-resistant (MDR) bacteria and 
are frequently exposed to antibiotics, leading to sustained 
selection pressure [3]. Furthermore, there is an increased 
risk for cross-transmission of MDR bacteria in ICUs due 
to close contacts between patients and healthcare work-
ers [4]. ICU-acquired colonization with MDR bacteria 
(ICU-MDR-col) has been associated with a prolonged 
ICU stay [5], and ICU-acquired infection with MDR bac-
teria (ICU-MDR-inf ) has been linked to a longer dura-
tion of invasive mechanical ventilation (IMV) [6] and to 
higher mortality [7].

In the last 2 decades, the mortality of critically ill 
immunocompromised patients has markedly declined 
[8], leading intensivists to generally be more confident 
in their likelihood to benefit from intensive care. Con-
sequently, their proportion among the typical ICU case 
mix has increased [9]. Immunocompromised patients 
are particularly at risk of developing healthcare-associ-
ated infections (HAIs), a significant proportion of which 
are caused by MDR bacteria [10]. Thus, choosing an 
appropriate empiric antibiotic regimen for a critically ill 
immunocompromised patient is a frequent yet challeng-
ing clinical problem, and one that could be alleviated by 
a detailed understanding of the epidemiology of AMR in 
this population [11].

Numerous studies have investigated the prevalence of 
MDR organisms among bacteria causing infections in 
immunocompromised patients [12]. However, few have 
focused on immunocompromised patients in the ICU, 
or systematically compared these estimates with those 
obtained in a comparable cohort of immunocompetent 
patients. Several studies have documented that immu-
nosuppression was associated with a higher incidence 
of colonization and/or infection with MDR pathogens 
(including vancomycin-resistant enterococci (VRE) 
[13], carbapenem-resistant Acinetobacter baumannii 
(CRAB) [14] and other Gram-negative bacteria [15]) in 
ICU patients [16–18]. However, in a single-center case–
control study, immunosuppression was only associated 
with ICU-MDR-col and ICU-MDR-inf in univariate 
analysis, but not in multivariate analysis after adjust-
ment for antibiotic exposure prior to and during ICU 
stay [19].

We conducted the CIMDREA study, an observational 
prospective multicenter cohort study in 8 French ICUs, 
with the primary objective to investigate the association 

of immunosuppression with the incidence rate of a 
composite outcome including ICU-MDR-col and/or 
ICU-MDR-inf within 28  days of ICU stay. Secondary 
objectives were to assess the impact of immunosup-
pression on the 28-day cumulative incidence of ICU-
MDR-col and ICU-MDR-inf (combined and separately), 
to investigate the microbiology of ICU-MDR-col and 
ICU-MDR-inf in immunocompromised and immuno-
competent patients, and to determine whether immuno-
suppression modifies the impact of ICU-MDR-col and 
ICU-MDR-inf on ICU length-of-stay, IMV duration and 
28-day mortality.

Methods
Design and setting
CIMDREA was an observational prospective multicenter 
cohort study conducted in the ICUs of Lille, Croix-
Rousse (Lyon), Lyon-Sud and Amiens University-affili-
ated hospitals, and Roubaix, Marne-La-Vallée, Lens and 
Béthune hospitals. All participating centers had single-
bed rooms and shared similar characteristics (see Supple-
mentary Table 1 for details on the organizational setup of 
each center).

Patients and definition of immunosuppression
All adult patients hospitalized for > 48 h in the participat-
ing ICUs were eligible, regardless of their immune sta-
tus. Patients were included consecutively if they fulfilled 
the following criteria: MDR bacteria screening by rectal 
and nasal swabbing in the 48 h following ICU admission; 
at least one MDR bacteria screening by rectal or nasal 
swabbing after the 48th hour in the ICU and before ICU 
discharge; non-opposition to participate.

Immunosuppression was defined as: solid cancer 
(active or in remission for less than 5 years), active hema-
tologic malignancy, neutropenia (< 0.7G/L for ≥ 7  days), 
solid-organ transplant, long-term (≥ 28  days), use of 
steroids (≥ 10  mg of prednisone per day or equivalent) 
or other immunosuppressant drugs, human immunode-
ficiency virus (HIV) infection, and genetic immunodefi-
ciency [20]. Immune status was recorded on the last day 
of the follow-up period, to accurately classify patients in 
whom a diagnosis associated with immunosuppression 
was established during ICU stay.

Take‑home message 

This observational prospective multicenter cohort study shows 
that immunocompromised patients have a lower incidence rate 
of intensive care unit‑acquired colonization and/or infection with 
multidrug‑resistant bacteria, both prior to and after adjustment for 
pre‑specified confounders.
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Microbiology
In the participating ICUs, patients underwent rectal and 
nasal swabbing upon admission (at the latest on the 48th 
hour following admission) and every week until ICU 
discharge (or until day 28, whichever came first). Colo-
nization with MDR bacteria was detected by streaking 
swabs onto selective culture media, followed by species 
identification.

Routine microbiology data, i.e., the results of bacte-
rial cultures ordered by attending physicians as part of 
patient care, were also collected. Antibiotic susceptibility 
was defined according to breaking points recommended 
by the European Committee on Antimicrobial Suscepti-
bility Testing (EUCAST) [21]. MDR bacteria were defined 
as follows: third-generation cephalosporins (3GC)-resist-
ant Enterobacteriaceae, including through expression of 
an extended spectrum beta-lactamase (ESBL); carbape-
nem-resistant Enterobacteriaceae; methicillin-resistant 
Staphylococcus aureus (MRSA); vancomycin-resistant 
Enterococcus faecalis and Enterococcus faecium (VRE); 
Pseudomonas aeruginosa resistant to imipenem and cef-
tazidime; and carbapenem-resistant Acinetobacter bau-
mannii (CRAB) [22].

Clinical variables and outcomes
The primary endpoint was the incidence rate of a 
composite outcome including ICU-MDR-col and/or 
ICU-MDR-inf within 28  days of ICU stay. Secondary 
endpoints included: the incidence rates of ICU-MDR-
col and ICU-MDR-inf, considered separately, and the 
28-day cumulative incidence of ICU-MDR-col and ICU-
MDR-inf (combined and separately). ICU-MDR-col was 
defined as the colonization by MDR bacteria isolated 
on a rectal or a nasal swab collected ≥ 48  h following 
admission, or on any other sample if it was not consid-
ered to be related to an infection (see below). In patients 
colonized with MDR bacteria at ICU admission, only 
ICU-acquired colonization related to other MDR bacte-
rial species was taken into account. ICU-MDR-inf was 
defined as an infection related to MDR bacteria occur-
ring > 48 h following ICU admission. As opposed to col-
onization (asymptomatic carrier state), infections were 
defined by clinical, biological and imaging characteristics 
compatible with the definitions published by interna-
tional societies on healthcare- and ventilator-associated 
pneumonia (HAP, VAP) [23], blood-stream and cathe-
ter-related infections [24], urinary tract infections [25] 
and other community- and healthcare-associated infec-
tions [26–29]. No specific treatment protocols targeting 
immunocompromised patients were implemented during 
the study, all treatments (including antibiotic regimens) 
were decided by attending physicians, following relevant 
guidelines [30–32] (Supplementary Table 1).

Clinical variables potentially associated with MDR-
ICU-col and MDR-ICU-inf were recorded: demo-
graphics, comorbidities, recent hospitalization and 
antibiotic exposure (< 3  months before ICU admission), 
organ failures at admission, exposure to invasive devices 
and antibiotics during ICU stay. When recording anti-
biotic exposure, we did not consider antimycobacte-
rial drugs, fidaxomicine, erythromycin (as a prokinetic), 
low-dose trimethoprim-sulfamethoxazole (for prophy-
laxis against Pneumocystis pneumonia), antifungals and 
antivirals. When recording steroids, we did not consider 
hydrocortisone (often prescribed as substitutive hormon-
otherapy or in the context of refractory shock).

Patients were followed and data were collected on an 
electronic Case Report Form (eCRF) until ICU discharge 
or until day 28, whichever came first.

Statistical analysis
Patient characteristics were described according to 
immune status without statistical comparisons. Cate-
gorical variables are reported as number and percentage, 
whereas quantitative variables are expressed as median 
with interquartile range (IQR; 25th–75th percentile).

We estimated and compared the incidence rate 
(expressed as number of events per 1000 patients × ICU 
days) of ICU-MDR-col and ICU-MDR-inf (combined 
and separately) according to immune status using a nega-
tive binomial regression model, using ICU length-of-stay 
(censored at 28 days) as offset variable (after applying a 
log-transformation). We estimated the 28-day cumula-
tive incidence of ICU-MDR-col and ICU-MDR-inf (com-
bined and separately) using the Kalbfleisch and Prentice 
method [33], considering ICU discharge (alive or dead) 
as competing event. The associations with immune sta-
tus were assessed using cause-specific Cox’s proportional 
hazard models. Associations of immune status with the 
incidence rates of ICU-MDR-col and ICU-MDR-inf were 
further investigated after adjustment for pre-specified 
baseline confounders [34] [age, gender, Simplified Acute 
Physiology Score (SAPS) II, recent ICU hospitaliza-
tion, recent MDR colonization or infection, and recent 
antibiotic treatment (recent indicating in the 3  months 
prior to ICU admission)]. Additional adjustments on 
time-dependent covariates (use of IMV and antibiotic 
treatment during ICU stay) were performed in the Cox’s 
regression models.

We investigated the association between occurrence 
of ICU-MDR-col/ICU-MDR-inf and 28-day prognos-
tic outcomes (28-day mortality, ICU length-of-stay and 
IMV duration) using Cox’s regression models, treating 
ICU-MDR-col/ICU-MDR-inf as time-varying covariates, 
before and after adjustment for pre-specified confound-
ers (age, gender, SAPS-II, diabetes mellitus, heart disease, 
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lung disease, cerebrovascular disease, chronic kidney dis-
ease, and liver cirrhosis). Subgroup analyses according 
to immune status were done by including into the Cox’s 
regression models immune status and the interaction 
term between ICU-MDR-col/ICU-MDR-inf and immune 
status.

To avoid case deletion in multivariate analyses due to 
the presence of missing data in covariates, multivariable 
regression models were performed after handling miss-
ing data using a multiple imputation procedure (detailed 
in the Supplementary Material) [35].

Full details on the statistical analysis (including sam-
ple size calculation) are provided in the Supplementary 
Material.

Ethics
The study was conducted in accordance with the 1964 
Declaration of Helsinki and its later amendments. The 
Ethics Committee and Institutional Review Board (Com-
ité de Protection des Personnes Ouest I) approved the 
study protocol (registration number 2019T3-07_RIPH3 
HPS) on March 26th, 2019 as minimal-risk research 
using data collected for routine clinical practice. Patients 
or their next of kins received information about the 
study and were given the possibility to refuse using their 
personal data. In accordance with the French law, the 
database was registered to the Commission Nationale 
l’Informatique et des Libertés. The study was registered 
on ClinicalTrials.gov (NCT04043793).

Results
Patient characteristics
From May 5th, 2019 to January 31st, 2020, 750 patients 
were included, among whom 486 (64.8%) were immuno-
competent and 264 (35.2%) were immunocompromised. 
During the study period, 2309 patients were screened 
but excluded, mainly because their ICU length-of-stay 
was ≤ 48  h (n = 853), or because rectal or nasal swabs 
were not performed upon admission (n = 609) or sub-
sequently (n = 581) (Supplementary Fig.  1). The main 
causes of immunosuppression were cancer (n = 148, 
56.1%), hematological malignancy (n = 68, 25.8%), and 
use of steroids and/or other immunosuppressive thera-
pies (n = 66, 25%). These causes were distributed simi-
larly across centers. Thirty-four (4.5%) patients had more 
than one cause of immunosuppression (Supplementary 
Table 2).

Patients were mostly male (65.9%), with a median 
age of 65  years (Table  1). Some comorbidities were less 
prevalent in immunocompromised patients, including 
diabetes (22 vs. 30.7%), heart disease (26.5% vs. 34.6%), 
lung disease (21.2% vs. 27.2%), and alcohol use (18.6% vs. 
24.6%). Immunocompromised patients were less likely to 

live in a nursing home (2.7% vs. 6.8%), but more likely to 
have been hospitalized for > 48 h (71% vs. 36.4%) and to 
have received antibiotics (61% vs. 40.1%) in the 3 months 
prior to ICU admission. Reasons for ICU admission, 
Sequential Organ Failure Assessment (SOFA) score and 
SAPS-II scores, exposure to invasive devices, and antibi-
otics during ICU stay were comparable between groups. 
Transfusions of blood products were more frequent 
among immunocompromised patients (47.1% vs. 27.7%) 
(Table 2).

ICU‑acquired colonization and infection with MDR bacteria
A total of 196 ICU-MDR-col and/or ICU-MDR-inf 
occurred among 154 immunocompetent patients (inci-
dence rate 27.3 [95% IC 23.5–31.6] per 1000 patients 
× ICU days), in comparison to 75 events among 63 
immunocompromised patients (20.8, 95% CI 16.4–26.4) 
(Table  3). Among patients with ICU-MDR-col and/or 
ICU-MDR-inf, the first event occurred with a median 
delay of 7  days (IQR 4–11) following ICU admission (6 
(IQR 4–12)  and 7 (IQR 4–11)  days in immunocompro-
mised and immunocompetent patients, respectively), and 
colonization was the first event in the majority of cases in 
both groups (Fig. 1). 

In univariate analysis, the incidence rate of the primary 
endpoint was lower in immunocompromised than in 
immunocompetent patients, with a difference of border-
line significance (unadjusted incidence rate ratio (IRR) 
0.76, 95% CI 0.57–1.01 (Table 4). This difference reached 
the significance level after adjustment for center and pre-
specified baseline confounders, with an adjusted IRR 
(aIRR) 0.68, 95% CI 0.52–0.91. A similar difference was 
found when ICU-MDR-col was analyzed separately (aIRR 
0.63, 95% CI 0.45–0.86). However, the incidence rate of 
ICU-MDR-inf was not significantly different between the 
two groups (aIRR 0.66, 95% CI 0.38–1.11).

Similar associations were found when analyzing the 
28-day cumulative incidence of ICU-MDR-col and ICU-
MDR-inf, both before and after adjustment for pre-spec-
ified  baseline confounders and time-varying covariates, 
with an adjusted cause-specific hazard ratio (cHR) 0.63 
(95% CI 0.45–0.86) for ICU-MDR-col and/or ICU-MDR-
inf, cHR 0.57 (95% CI 0.4–0.79) for ICU-MDR-col, and 
cHR 0.55 (95% CI 0.3–0.97) for ICU-MDR-inf. The inci-
dence of ICU-MDR-col and ICU-MDR-inf in subgroups 
defined according to the type of immunosuppression is 
presented in Supplementary Table 3.

Microbiology
Among MDR bacteria responsible for ICU-MDR-col and 
ICU-MDR-inf, 3GC-resistant Enterobacteriacae were 
the most frequently isolated organisms (~ 74%), followed 
by carbapenem-resistant Enterobacteriacae, MRSA 
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Table 1 Patient characteristics upon ICU admission

Values are as no. (%) or median (interquartile range)

COPD chronic obstructive pulmonary disease, HIV human immunodeficiency virus, ICU intensive care unit, SAPS-II Simplified Acute Physiology Score II, SOFA 
Sequential Organ Failure Assessment
a 34 missing values
b 9 missing values
c 4 missing values
d 2 missing values
e 1 missing values
f 5 missing values
g 9 missing values
h 1 missing value

Normal immune status
n = 486

Immunocompromised status
n = 264

Age (years) 65 (54–75) 65 (57–71)

Men 315 (64.8) 179 (67.8)

Body mass index (kg/m2) 27.3 (23.1–32.7)a 25.4 (22.1–28.7)b

Comorbidities
Diabetes mellitus 149 (30.7) 58 (22)

Heart disease 168 (34.6) 70 (26.5)

 Heart failure 30 (6.2) 14 (5.3)

 Coronary‑artery disease 83 (17.1) 39 (14.8)

Lung disease 132 (27.2) 56 (21.2)

 COPD 83 (17.1) 43 (16.3)

 Chronic respiratory failure 36 (7.4) 8 (3)

 Obesity‑hypoventilation syndrome 38 (7.8) 9 (3.4)

Cerebrovascular disease 44 (9.1) 21 (8)

Chronic kidney disease 60 (12.3) 35 (13.3)

 Renal replacement therapy 23 (4.7) 10 (3.8)

Liver cirrhosis 41 (8.4) 17 (6.4)

Smoking

 Never 263c (54.6) 129 (48.9)

 Former 92c (19.1) 83 (31.4)

 Current 127c (26.3) 52 (19.7)

Alcohol use 119d (24.6) 49e (18.6)

Residing in nursing home or assisted living 33d (6.8) 7e (2.7)

Recent (< 3 months) hospitalization > 48 h 175f (36.4) 181g (71)

 ICU 68f (14.1) 51g (20)

 Other wards 139f (28.9) 166g (65.1)

Recent (< 3 months) antibiotics 195 (40.1) 161 (61)

Recent (< 3 months) or diagnosis at ICU admission of MDR colonization 
and/or infection

46 (9.5) 36 (13.6)

At ICU admission
SAPS‑II 51 (38–65) 52 (42–66)h

SOFA 7 (4–11) 7 (4–10)

Type of ICU admission

 Medical 451 (92.8) 243 (92)

 Scheduled surgical 1 (0.2) 9 (3.4)

 Unscheduled surgical 34 (7) 12 (4.5)
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and MDR P. aeruginosa (Table  3). The distribution of 
MDR bacteria was comparable between groups. Among 
patients with ICU-acquired infections related to MDR 
bacteria, the distribution of affected organs was simi-
lar between groups, with a majority of VAP, followed by 
HAP and primary blood-stream infections.

ICU‑acquired MDR colonization and infection 
and prognostic outcomes
In the overall cohort, there was no statistically significant 
association between the occurrence of ICU-MDR-col 

and ICU-MDR-inf (combined and separately) and over-
all 28-day survival, ICU length-of-stay, and IMV duration 
(among the 499 patients receiving IMV), both in uni-
variate analysis and after adjustment for center and pre-
specified baseline confounders. Similar results were also 
found when considering the sub-populations of immuno-
compromised and immunocompetent patients separately 
(Supplementary Table 4).

Discussion
In this observational prospective multicenter cohort 
study, we found that immunocompromised patients had a 
significantly lower incidence rate of a composite outcome 
including ICU-MDR-col and/or ICU-MDR-inf. This was 
found both in univariate analysis and after adjustment for 
predefined baseline confounders, and when considering 
the cumulative incidence for the primary outcome. When 
considered separately, the difference was significant  for 
ICU-MDR-col, but not for ICU-MDR-inf.

These findings contradict our original hypothesis, 
based on the dominant results from most recent inves-
tigations, i.e., that immunocompromised patients would 
be at higher risk to be colonized and/or infected with 
MDR bacteria during ICU stay. For example, in a case–
control study in 16 ICUs in the United States of America 
(n = 298), immunosuppression was independently asso-
ciated with HAIs caused by extremely drug-resistant 
Gram-negative bacilli (OR 1.55, 95% CI 1.01–2.39) [15]. 
In a prospective study in ten Japanese centers focus-
ing on patients with HAP (n = 526), immunodepres-
sion was independently associated with MDR pathogens 
(aOR 2.31, 95% CI 1.05–5.11) [16]. And in a multicenter 
study on ICU patients with HAP and VAP (n = 2297), the 
incidence of infection with MDR bacteria was higher in 
immunocompromised vs. immunocompetent patients 
(OR 1.75, 95% CI 1.13–2.71) [17]. Conversely, we found 
in a single-center case–control study that immunocom-
promised patients had a higher incidence of ICU-MDR-
inf and ICU-MDR-col in univariate analysis, but not 
after adjustment for antibiotic exposure prior to and 
during ICU stay [19]. This suggested that the increased 
risk of ICU-MDR-col and ICU-MDR-inf in immuno-
compromised patients could be explained by a higher 
prevalence of risk factors for MDR bacteria (e.g., antibi-
otic exposure), more so than by their immune deficiency 
itself. Of note, the incidence of ICU-MDR-col and ICU-
MDR-inf was higher in our cohort than in other studies 
with similar methodology [36], but our results are gen-
erally in line with a previous investigation conducted in 
our center [19], where the global cumulative incidence of 
ICU-MDR-col and ICU-MDR-inf was 24.5% and 19.5%, 
respectively.

Table 2 Patient characteristics during ICU stay

Values are as no. (%) or median (interquartile range)

ECMO extracorporeal membrane oxygenation, ECLS extracorporeal life support, 
ICU intensive care unit, SAPS-II Simplified Acute Physiology Score II, SOFA 
Sequential Organ Failure Assessment, NA not applicable
a 1 missing value
b 3 missing values
c 1 missing value
d 2 missing values
e 7 missing values
f 13 missing values
g 1 missing value
h 10 missing values
i 11 missing values
j 56 missing values
k 9 missing values.

Normal 
immune status
n = 486

Immunocom‑
promised 
status
n = 264

Invasive devices
ECMO/ECLS 9a (1.9) 5 (1.9)

Venous catheters 383 (78.8) 229 (86.7)

 Duration (days) 11 (7–18)b 11 (7–17)c

Arterial catheter 381 (78.4) 225 (85.2)

 Duration (days) 9 (6–14)b 9 (6–14)d

Invasive mechanical ventilation 332 (68.3) 167 (63.3)

 Duration (days) 8 (4–14) 8 (4–16)

Renal replacement therapy 88 (18.4)e 49 (18.8)f

 Duration (days) 5 (2–9)e 5 (3–9)f

Urethral catheter 446 (91.8) 231 (87.5)

 Duration (days) 10 (6–17) 10 (7–16)

Nasogastric tube 351 (72.4)g 186 (70.5)

 Duration (days) 9 (5–15)g 9 (5–14)

Treatments
Antibiotics 443 (91.2) 253 (95.8)

 Duration (days) 8 (5–12)h 9 (5–13)i

Transfusions 119 (27.7)j 106 (47.1)k

 Red blood cells 117 (27.2) 101 (44.9)

 Fresh‑frozen plasma 19 (4.4) 26 (11.6)

 Platelets 18 (4.2) 42 (18.7)
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Table 3 Patient outcomes

Values are no./total no. (%) unless otherwise indicated

ICU intensive care unit, MDR multidrug-resistant, ESBL extended spectrum beta-lactamase, 3GC third-generation cephalosporins
a Calculated from the cumulative incidence of ICU discharge alive by treating ICU mortality as competing event

Normal immune status
n = 486

Immunocompromised status
n = 264

ICU‑acquired MDR colonization and/or infection
First event (n, %) 154 (31.7) 63 (23.9)

Type of first event

 ICU‑acquired MDR colonization 134/154 (87) 50/63 (79.4)

 ICU‑acquired MDR infection 20/154 (13) 13/63 (20.6)

MDR bacteria of first event (n, %)

 Methicillin‑resistant Staphylococcus aureus 14/154 (9.1) 3/63 (4.8)

 Carbapenem‑resistant Enterobacteriaceae 13/154 (8.4) 8/63 (12.7)

 MDR Pseudomonas aeruginosa 9/154 (5.9) 4/63 (6.3)

Carbapenem‑resistant Acinetobacter baumannii 4/154 (2.6) 0/63 (0)

 Vancomycin‑resistant enterococci 0/154 (0) 1/63 (1.6)

 3GC‑resistant Enterobacteriaceae (including ESBL) 114/154 (74) 47/63 (74.6)

Mean (SD) number of events per patient 1.3 (0.6) 1.2 (0.4)

ICU‑acquired MDR colonization
First event (n, %) 144 (29.6) 54 (20.5)

MDR bacteria of first event (n, %)

 Methicillin‑resistant Staphylococcus aureus 10/144 (6.9) 1/54 (1.8)

 Carbapenem‑resistant Enterobacteriaceae 13/144 (9) 8/54 (14.8)

 MDR Pseudomonas aeruginosa 6/144 (4.2) 1/54 (1.8)

 Carbapenem‑resistant Acinetobacter baumannii 4/144 (2.8) 0/54 (0)

 Vancomycin‑resistant enterococci 0/144 (0) 0/54 (0)

 3GC‑resistant Enterobacteriaceae (including ESBL) 101/144 (70.1) 44/54 (81.5)

Mean (SD) number of events per patient 1.2 (0.4) 1.1 (0.3)

ICU‑acquired MDR infection
First event (n, %) 47 (9.5) 18 (6.8)

By MDR bacteria of first event (n, %)

 Methicillin‑resistant Staphylococcus aureus 8/47 (17) 2/18 (11.1)

 Carbapenem‑resistant Enterobacteriaceae 3/47 (6.4) 1/18 (5.6)

 MDR Pseudomonas aeruginosa 5/47 (10.6) 3/18 (16.7)

 Carbapenem‑resistant Acinetobacter baumannii 4/47 (8.5) 0/18 (0)

 Vancomycin‑resistant enterococci 0/47 (0) 1/18 (5.6)

 3GC‑resistant Enterobacteriaceae (including ESBL) 27/47 (57.4) 11/18 (61.1)

By infection type (n, %)

 Bloodstream and catheter‑related infection 10/47 (21.3) 3/18 (16.7)

 Urinary‑tract infection 3/47 (6.4) 1/18 (5.6)

 Hospital‑associated pneumonia 13/47 (27.7) 3/18 (16.7)

 Ventilator‑associated pneumonia 18/47 (38.3) 6/18 (33.3)

 Intra‑abdominal infection 0/47 (0) 2/18 (11.1)

 Other 3/47 (6.4) 3/18 (16.7)

Mean (SD) number of events per patient 1.2 (0.5) 1.1 (0.3)

Outcomes
ICU length‑of‑stay (days, median [IQR])a 13 (7–29) 13 (7–33)

ICU mortality 86 (17.7) 60 (22.7)

28‑day mortality 94 (19.3) 69 (26.1)
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Among the main factors leading an ICU patient to 
become colonized by MDR bacteria are the selection 
of endogenous-resistant strains through antibiotic 
pressure, and cross-transmission from other patients 
through contacts with healthcare workers or surfaces. 
As antibiotic exposure was similar between immuno-
compromised and immunocompetent patients, our 
results point to the potential effect of contact precau-
tions (CP) and isolation measures—which are more fre-
quently applied in immunocompromised patients—to 
prevent cross-transmission of MDR bacteria. Contact 
precautions (the use of gowns and gloves) and isolation 

measures (use of single-bed rooms and application of 
positive air flows) have been a matter of intense debate 
in the critical care literature, as observational and inter-
ventional studies have documented conflicting results 
on their efficacy, depending on epidemiological set-
tings and the type of MDR bacteria considered [37–39]. 
Nonetheless, they have been endorsed by international 
recommendations in patients with proven colonization 
or infection by MDR bacteria [40, 41]. Importantly, the 
actual adherence of healthcare workers to CPs—which 
strongly influences their efficacy—is difficult to moni-
tor accurately, and this has prevented us from fully 

Fig. 1 Cumulative incidence of ICU‑acquired colonization and infection with MDR bacteria in immunocompromised and immunocompetent 
patients during the first 28 days of ICU stay
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characterizing their impact of the incidence of ICU-
MDR-col and ICU-MDR-inf in our cohort. The extent 
to which they might actually contribute to our findings 
remains to be specifically investigated.

Our study also sheds light on the impact of immuno-
suppression on the dynamics of colonization and infec-
tion with MDR bacteria in ICU patients. As documented 
in previous studies [42, 43], colonization with a given 
MDR strain precedes infection in the majority of cases in 
our cohort. This was true both in immunocompromised 
and immunocompetent patients, suggesting that colo-
nization is more influenced by external factors (such as 
cross-transmission) than by immune status. Finally, it 
has been documented that resistance and virulence could 
be negatively correlated in bacteria, as the emergence 
of resistance is often associated with changes in impor-
tant biological functions in bacteria [44]. It has thus 
been hypothesized that an impaired immune system, 
more permissible to less-virulent strains, could favor the 
emergence of AMR [45]. Our results argue against this 
hypothesis, as immunosuppression was not associated 
with a higher incidence of ICU-MDR-inf.

Extending beyond a merely descriptive epidemio-
logical investigation, our study may also have practical 
therapeutic implications. Because of the previously docu-
mented positive association between immune deficiency 

and MDR bacteria in critically ill patients, most guide-
lines suggest that immunocompromised patients should 
receive broad-spectrum antibiotics in case of suspected 
healthcare- or ICU-associated infections [30, 31]. If con-
firmed in subsequent studies, our findings would not 
support the idea that immunocompromised patients are 
at higher risk of being colonized and infected with MDR 
bacteria, which could have a broad impact on antibiotic 
stewardship in this population.

There was no significant association between ICU-
MDR-col/ICU-MDR-inf and 28-day mortality, ICU 
length-of-stay, and IMV duration. In previous studies, 
ICU-MDR-col has been associated with a higher ICU 
length-of-stay [5], and ICU-MDR-inf has been linked to 
longer IMV duration [6] and higher mortality [7, 15, 46]. 
However, these findings are not universal, and it can be 
difficult to disentangle the direct effect of MDR bacteria 
from the several confounders that can potentially con-
tribute to the associations found in these observational 
studies [47, 48]. Exploring the prognostic impact of ICU-
MDR-col and ICU-MDR-inf was a secondary objective in 
our study, and possibly, its sample size was not sufficient 
to explore this association with enough statistical power. 
Importantly, immune status did not change the observed 
lack of association between colonization/infection and 

Table 4 Unadjusted and adjusted effect size of immunosuppression on the incidence of ICU‑acquired MDR colonization 
and infection

Values are incidence (95% CI), otherwise as indicated. After additional adjustment for IMV and antibiotic treatment during ICU (treated as time-varying covariates), the 
associations between immunosuppression and the cumulative incidences of ICU-MDR-col/ICU-MDR-inf within 28 days of ICU stay were significant for all outcomes, 
with an adjusted cHR 0.63 (95% CI 0.45–0.86) for ICU-MDR-col and/or ICU-MDR-inf, cHR 0.57 (95% CI 0.4–0.79) for ICU-MDR-col, and cHR 0.55 (95% CI 0.3–0.97) for 
ICU-MDR-inf

ICU intensive care unit, MDR multidrug-resistant
a Adjusted for center and pre-specified baseline confounders (age, gender, SAPS-II, prior ICU hospitalization, recent (< 3 months) MDR colonization or infection, and 
recent (< 3 months) antibiotic treatment), calculated after handling missing values by multiple imputation
b Cause-specific hazard ratio
c Incidence rate ratio
d Primary endpoint

Normal 
immune status

Immunocom‑
promised 
status

Unadjusted Adjusteda

28‑day outcomes n = 486 n = 264 Effect size 
(95%CI)

p‑value Effect size 
(95%CI)

p‑value

ICU‑acquired MDR colonization and/or infection
Cumulative incidence (%) 31.7 (27.6–35.8) 23.9 (18.9–29.2) 0.73 (0.54–0.99)b 0.038 0.63 (0.46–0.86)b 0.003

Incidence rate per 1000 patients × ICU  daysd 27.3 (23.5–31.6) 20.8 (16.4–26.4) 0.76 (0.57–1.01)c 0.052 0.68 (0.52–0.91)c 0.008

ICU‑acquired MDR colonization
Cumulative incidence (%) 29.6 (25.6–33.7) 20.5 (15.9–25.6) 0.67 (0.49–0.92)b 0.012 0.56 (0.4–0.79)b 0.006

Incidence rate per 1000 patients × ICU days 23.2 (19.9–27) 16.3 (12.6–21.1) 0.7 (0.52–0.95)c 0.020 0.63 (0.45–0.86)c 0.003

ICU‑acquired MDR infection
Cumulative incidence (%) 9.5 (7.1–12.3) 6.8 (4.2–10.4) 0.74 (0.43–1.29)b 0.29 0.59 (0.33–1.05)b 0.070

Incidence rate per 1000 patients × ICU days 7.8 (5.9–10.4) 5.9 (3.7–9.2) 0.75 (0.44–1.28)c 0.29 0.66 (0.38–1.11)c 0.11
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outcome, arguing against a specific prognostic impact of 
MDR bacteria among immunocompromised patients.

Our study has several limitations. We chose a com-
posite outcome as primary endpoint (because coloni-
zation precedes infection in the majority of cases), and 
calculated the study sample size accordingly. However, 
the lack of a statistically significant association between 
immunosuppression and ICU-MDR-inf could poten-
tially be explained by an insufficient power, due to the 
low incidence of this outcome. In the same line, the 
limited sample size has precluded any firm conclusion 
regarding potential differences in the incidence of ICU-
MDR-col/ICU-MDR-inf in subgroups of immunocom-
promised patients, as well as across bacterial species. A 
more detailed recording of CP and isolation measures 
at the individual level would have enabled to study their 
impact on ICU-MRD-col/ICU-MDR-inf more precisely. 
Similarly, a more precise analysis of antibiotic treat-
ments (molecules, doses) received prior to and during 
ICU stay could lead to a better understanding of the 
role of selection pressure on the emergence and spread 
of AMR. Of note, while antibiotic exposure has mainly 
been associated with an increased risk of ICU-MDR-
col/inf, it can also be hypothesized that broad-spectrum 
antibiotics could lead to a higher rate of false negatives 
(reduced sensitivity) when attempting to detect coloniza-
tion with MDR bacteria. Follow-up was limited to ICU 
stay, and assessment of colonization through rectal and 
nasal swabs was not maintained after ICU discharge. 
The definition of immunosuppression used in this study 
was in line with previous work on ICU patients [20], but 
may not fully take into account significant residual het-
erogeneity in the immune function of these patients. 
Furthermore, we acknowledge that some patients 
with baseline comorbidities known to negatively affect 
immune defenses (e.g., diabetes, chronic obstructive 
pulmonary disease, and cirrhosis), or those who develop 
acquired immune defects as a consequence of critical 
illness [49] might be overlooked (and thus inaccurately 
classified) by this definition. Reasons for treatment with 
steroids, as well as types and doses (prior to and during 
ICU stay) were not recorded. Finally, microbiology labs in 
some centers did not routinely report on the mechanism 
of resistance to 3GC in Enterobacteriaceae. Thus, it was 
sometimes impossible to accurately distinguish between 
expression of ESBL and other resistance mechanisms 
(including high-level cephalosporinase), yet their poten-
tial for cross-transmission differs markedly, with ESBL, 
often encoded on mobile genetic elements (e.g., plas-
mids), being at higher risk for horizontal gene transfer.

Conclusion
In this observational prospective multicenter cohort 
study, immunocompromised patients had a lower inci-
dence rate of a composite outcome including ICU-
acquired colonization and/or infection with MDR 
bacteria, both prior to and after adjustment for pre-
specified confounders. If confirmed, this could have 
important implications with regards to the choice of 
empiric antibiotic regimens in critically ill immuno-
compromised patients. Future studies should attempt 
to investigate the precise impact of contact precautions 
and isolation measures on the transmission dynamics 
of MDR bacteria in this population.
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