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Abstract 

Purpose: Intensive care unit (ICU)‑acquired infections (IAI) result in increased hospital and ICU stay, costs and mortal‑
ity. To date, no biomarker has shown sufficient evidence and ease of application in clinical routine for the identifica‑
tion of patients at risk of IAI. We evaluated the association of the systemic mRNA expression of two host response 
biomarkers, CD74 and IL10, with IAI occurrence in a large cohort of ICU patients.

Methods: ICU patients were prospectively enrolled in a multicenter cohort study. Whole blood was collected on the 
day of admission (D1) and on day 3 (D3) and day 6 (D6) after admission. Patients were screened daily for IAI occurrence 
and data were censored after IAI diagnosis. mRNA expression levels of biomarkers were measured using RT‑qPCR. Fine 
and Gray competing risk models were used to assess the association between gene expression and IAI occurrence.

Results: A total of 725 patients were analyzed. At least one IAI episode occurred in 137 patients (19%). After adjust‑
ment for shock and sepsis status at admission, CD74 and IL10 levels were found to be significantly associated with IAI 
occurrence [subdistribution hazard ratio (95% confidence interval) 0.67 (0.46–0.97) for CD74 D3/D1 expression ratio 
and 2.21 (1.63–3.00) for IL10 at D3]. IAI cumulative incidence was significantly different between groups stratified 
according to CD74 or IL10 expression (Gray tests p < 0.001).

Conclusion: Our results suggest that two immune biomarkers, CD74 and IL10, could be relevant tools for the identi‑
fication of IAI risk in ICU patients.
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Take‑home message: Our study is the first to report a significant 
association between two host response biomarkers, CD74 and IL10, 
and IAI occurrence in a large cohort of medico‑surgical ICU patients. 
This suggests that these biomarkers could guide clinicians for IAI 
prevention by using specific protective procedures, or could help patient 
stratification in clinical trials evaluating immunostimulating therapies.
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Introduction
Intensive care unit (ICU) patients are particularly 
exposed to secondary infections, namely ICU-acquired 
infections (IAI). Figures up to 30% have been reported in 
high-income countries [1]. Pooled cumulative incidence 
densities of catheter-related blood-stream infections, 
urinary catheter-related infections, and ventilator-asso-
ciated pneumonia were 3.5 [95% confidence interval 
(CI) 2.8–4.1] per 1000 central line-days, 4.1 (3.7–4.6) per 
1000 urinary catheter-days, and 7.9 (5.7–10.1) per 1000 
ventilator-days, respectively. IAI result in prolonged hos-
pital stay, long-term disability, increased resistance of 
microorganisms to antimicrobials, massive additional 
financial burden for health systems, and excess deaths. 
The pathophysiology of IAI occurrence has been based 
on the presence of invasive devices such as intubation 
and catheters. Recently, acquired immunodeficiency as 
observed following severe insults has received increas-
ing interest [2]. Biomarkers targeting critically ill patients 
at high risk of IAI may be useful to identify those with 
immune alterations; they could benefit from specific pre-
ventive procedures [3] or from new immunostimulating 
drugs [4]. However, no biomarker has so far been found 
sufficiently robust for use in clinical routine. In a recent 
prospective study in ICU septic patients at admission, no 
gene was differentially expressed between patients who 
subsequently developed IAI and those who did not [5].

The objective of our study, undertaken in a large cohort 
of ICU patients, was to confirm the association of two 
markers of immune status with IAI occurrence: CD74 
and interleukin-10 (IL-10). We have previously reported 
that the expression of CD74, the invariant chain involved 
in MHC class II molecules transport, was correlated with 
monocyte HLA-DR (mHLA-DR) [6], associated with 
IAI occurrence [7]. We also recently observed a higher 
mRNA expression level of IL-10, a key cytokine involved 
in anti-inflammatory response [8], in pediatric ICU 
patients who developed secondary infections [9]. As the 
availability of fully automated molecular platforms ena-
bles their use in clinical routine, the clinical interest of 
two potential biomarkers for IAI risk assessment in ICU 
patients was thus investigated through their systemic 
mRNA expression level.

Materials and methods
Study population
Patients aged >18  years were prospectively enrolled 
from December 2009 through June 2011 in six French 
ICUs (two medical and four surgical, from three hospi-
tals) [10]. The study protocol was approved by the local 
ethics committee (Centres d’investigation Clinique IRB# 
5044) which waived the need for informed consent 
from patients and/or next of kin (analyses performed on 

leftover blood). According to the French law at this date, 
patients or legal representatives were informed about the 
study and about their right to refuse to participate.

A cohort of 19 healthy volunteers from Etablissement 
Français du Sang (EFS) (median age 41 [35–50]  years, 
male 42%) was used as control. Informed consent was 
obtained from blood donors, according to EFS standard-
ized procedures.

Inclusion and exclusion criteria
The criteria for inclusion were a prediction of ICU length 
of stay of at least 2  days and the presence of Systemic 
Inflammatory Response Syndrome (SIRS) [11] due or not 
to an infectious ongoing process. The exclusion criteria 
were a preexisting immunodepression, including recent 
chemotherapy or immunosuppressive treatment, high 
dose (>5 mg/kg of equivalent prednisolone for a duration 
>5  days) or prolonged (0.5  mg/kg equivalent predniso-
lone >30 days) corticosteroid treatment, and aplasia (cir-
culating neutrophils <500  cells/mm3), primary immune 
deficiency, and extracorporeal circulation the month 
before ICU admission.

Data collection
The following data were collected: age, gender, sever-
ity measured by the Simplified Acute Physiological 
Score (SAPS) II at ICU admission [12] and the Sequen-
tial Organ Failure Assessment (SOFA) score over the 
first 24  h after admission (D1), at day 3 (D3) and day 6 
(D6) [13], and diagnosis category (medical, surgical). The 
chronic health status was defined using the Charlson 
score comorbidities [14]. Site of infection was recorded 
at admission for septic patients. The adequacy of initial 
antimicrobial treatment was assessed according to sen-
sitivity or to local protocol. Length of stay and survival 
were measured at ICU discharge, at 28 days after admis-
sion and at hospital discharge. Shock status was defined 
by the administration of vasopressors.

ICU‑acquired infection
During ICU stay, patients were screened daily for exposure 
to invasive device (intubation, indwelling urinary catheter, 
and central venous line) and for four major IAI occur-
rence: pulmonary, urinary tract, primary bloodstream, and 
catheter-related infections, according to the definitions 
used by the European Centre for Disease Control and Pre-
vention (ECDC) [15]. Only the first IAI was considered in 
our analysis. Clinicians in charge of the patients and study 
nurses were blinded for the biomarker data.

Sample collection
Peripheral whole blood from ICU patients or healthy 
volunteers was collected in PAXgene™ Blood RNA tubes 
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(PreAnalytix, Hilden, Germany). Samples were stabilized 
at least 4 h at room temperature after collection and fro-
zen at −80  °C following the manufacturer’s guidelines. 
For ICU patients, blood was collected at D1 (within 
12 h after admission), D3, and D6 after ICU admission. 
Biomarker data obtained after IAI occurrence were 
censored.

RNA extraction, reverse transcription and quantitative PCR
Total RNA was extracted from whole blood. Samples 
with RNA integrity number ≤6 were excluded due to 
poor quality RNA. Total RNA was reverse-transcribed 
into cDNA and expression levels of CD74 and IL10 were 
quantified using quantitative-real time polymerase chain 
reaction (Supplementary Method 1 and Supplementary 
Table 1).

Statistical analysis
Comparisons between IAI and no IAI patient clini-
cal characteristics were performed with Chi square or 
Fisher’s exact tests for qualitative variables and Mann–
Whitney or t tests for quantitative variables. Since ICU 
discharge and death are in competition with the event 
of interest (IAI), further analyses were performed within 
the competing risks framework. Cumulative incidence 
curves of IAI events since ICU admission were repre-
sented and Gray tests performed. Multivariate analyses of 
IAI incidence according to biomarkers expression, adding 
shock and sepsis status at admission as covariates, were 
performed with the Fine and Gray model [16]. Models 
were performed for each time-point of biomarker meas-
urement individually and for the ratio between two time-
points. For each biomarker, as four tests were performed, 
the Family Wise Error Rate was 18%. IAI cumulative inci-
dence curves based on biomarker expression were cal-
culated using a threshold maximizing the Youden index. 
The level of significance was set at 5%. Results were 
described with a 95% confidence interval. Statistical anal-
ysis were computed with R software v3.0.0. The R pack-
age ‘cmprsk’ was used for competing risks calculation.

Results
A total of 725 ICU patients were analyzed (Supplemen-
tary Fig.  1). At D3 and D6, samples were analyzed for 
487 and 324 patients, respectively. At admission, 64% of 
patients presented with a shock of any origin, 70% with 
an infection, and 50% of infected patients met septic 
shock criteria (Table 1). The most frequent primary infec-
tion was respiratory community-acquired (64%; Supple-
mentary Table 2). Overall day-28 mortality rate was 28%. 
Early mortality, defined as death occurring before D6, 
was high, involving 106 patients (56%).

At least one IAI episode occurred in 19% of patients, 
with a median onset of the first IAI episode of 10 
[6–18]  days (Table  2). The most common IAIs were 
pneumonia (63%), and urinary tract infections (20%). 
All pneumonia except one were ventilator-associated 
pneumonia. Almost all patients had at least one inva-
sive device at admission (99%). Significant differences 
between IAI and no IAI patients were observed for SOFA 
at D1, trauma, sepsis at admission, treatments and major 
interventions during ICU stay (Table  1). Of note, lym-
phocyte count was not different between IAI and IAI-
free patients at D1, D3 or D6 (Supplementary Table 2).

There was no difference regarding IAI onset time-
course until day 10 between patients with and without 
shock at admission, but patients with shock had a final 
slightly higher IAI incidence (21% in shock patients vs. 
16% in no shock patients, Gray test p =  0.194; Supple-
mentary Fig.  2a). We observed larger differences when 
considering sepsis at admission: IAI occurred more fre-
quently, and more rapidly in non-sepsis patients (26%) 
than in septic patients (16%, Gray test p = 0.002; Supple-
mentary Fig. 2b). IAI patients had higher invasive device 
exposure duration until IAI occurrence (Supplementary 
Table 2). ICU and hospital lengths of stay, as well as total 
duration of invasive device exposure (intubation, uri-
nary and central venous catheters), were higher for IAI 
patients as compared to IAI-free patients,

As early as at admission, and until D6, we observed sig-
nificant differences in CD74 and IL10 mRNA expression 
levels between ICU patients and healthy volunteers, with 
lower CD74 and higher IL10 expression levels in patients 
compared to controls (Mann–Whitney test p  <  0.001; 
Supplementary Fig. 3).

After adjustment for shock and sepsis status at admis-
sion, significant association with IAI occurrence was 
found for both CD74 and IL10 (Fig.  1; Supplementary 
Table 3). At admission, a higher CD74 mRNA expression 
level was associated with an increased risk of IAI occur-
rence [sdHR 1.51 (95% CI 1.11–2.06), p = 0.008]. At D3 
and D6 there was no significant association with IAI 
occurrence. Interestingly, a significant association was 
found for the evolution of mRNA expression between 
D1 and D3: a higher D3/D1 ratio was associated with a 
decreased risk of IAI occurrence [sdHR 0.67 (0.46–0.97), 
p = 0.033].

A significant association between IL10 mRNA level and 
IAI occurrence was found at D3 and D6, with increased 
expression associated with increased IAI occurrence 
[sdHR 2.21 (1.63–3.00), p  <  0.001 and 2.09 (1.41–3.10), 
p  <  0.001, for D3 and D6, respectively]. The evolution 
between D1 and D3 was also significantly informative 
[sdHR 1.04 (1.02–1.06), p < 0.001].
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CD74 mRNA expression was correlated with mHLA-
DR measured at D3 by flow cytometry on a subset of 
patients (Spearman r = 0.72; Supplementary Fig. 4). We 

observed no correlation of CD74 or IL10 mRNA expres-
sion levels with cell count or severity scores (data not 
shown).

Table 1 Patient characteristics at admission and outcomes according to ICU‑acquired infections status

Categorical variables are expressed as n (%) and continuous variables as median [interquartile range]. Comparisons between IAI and no IAI patients were performed 
with Chi square test for qualitative variables and Mann–Whitney or t tests for quantitative variables, as appropriate. Values in bold indicate significance at p < 0.05

ICU intensive care unit, IAI ICU-acquired infection, SAPS II simplified acute physiological score II, SOFA sequential organ failure assessment
a Duration of intubation was censored at first pneumonia infection occurrence

Variable Total (n = 725) IAI (n = 137) No IAI (n = 588) p value

Characteristics at admission

 Gender, male, n (%) 450 (62) 91 (66) 359 (61) 0.285

 Age 65 [54–76] 64 [52–73] 65 [54–77] 0.057

 SAPS II 56 [42–69] 58 [48–71] 55 [42–69] 0.095

 SOFA score 9 [6–12] 10 [7–12] 9 [6–12] 0.003
 Charlson score 2 [0–3] 1 [0–3] 2 [0–3] 0.209

 Patients by Charlson score categories, n (%) 0.531

  0 217 (30) 46 (34) 171 (29)

  1 141 (19) 27 (20) 114 (19)

  ≥2 367 (51) 64 (47) 303 (52)

 Type of admission, n (%) 0.053

  Medical 502 (69.2) 95 (69.3) 407 (69.2)

  Elective surgery 32 (4.4) 11 (8.0) 21 (3.6)

  Emergency surgery 191 (26.4) 31 (22.6) 160 (27.2)

  Trauma, n (%) 67 (9.2) 27 (20) 40 (6.8) <0.001
  Shock, n (%) 467 (64) 96 (70) 371 (63) 0.151

Septic patients at admission

 Infection at admission, n (%) 506 (70) 81 (59) 425 (72) 0.003
 Septic shock, n (%) 255 (50) 40 (49) 215 (51) 0.938

 Site of primary infection, n (%) <0.001
  Respiratory 260 (52) 55 (67.9) 205 (48)

  Abdominal 113 (22) 8 (9.9) 105 (25)

  Others 133 (26) 18 (22.2) 115 (27)

 Adequacy of antimicrobial treatment, n (%) 487 (96) 78 (96) 409 (96) 1.000

Outcomes

 ICU length of stay, days 7 [4–14] 24 [15–37] 6 [4–10] <0.001
 Hospital length of stay, days 21 [10–37] 37 [23–61] 18 [8–30] <0.001
 Survivors at day 28, n (%) 516 (71) 105 (77) 411 (70) 0.143

 Survivors at ICU discharge, n (%) 536 (74) 97 (71) 439 (75) 0.413

 Survivors at hospital discharge, n (%) 472 (65) 81 (59) 391 (66) 0.126

Major interventions during ICU stay

 Vasopressor therapy, n (%) 523 (72) 119 (87) 404 (69) <0.001
 Duration of vasopressor therapy, days 2 [1–4] 4 [2–8] 2 [1–3] <0.001
 Surgery, n (%) 225 (31) 44 (32) 181 (31) 0.840

 Transfusion, n (%) 30 (4.1) 13 (9.5) 17 (2.9) 0.001
 Renal replacement therapy, n (%) 153 (21) 39 (28) 114 (19) 0.019

Invasive device exposure

 Invasive device, n (%) 715 (99) 137 (100) 578 (98) 0.213

 Central venous catheter, n (%) 560 (77) 129 (94) 431 (73) <0.001
 Intubation, n (%) 581 (80) 133 (97) 448 (76) <0.001

Duration of intubation,  daysa, n (%) 5 [3–10] 11 [7–19] 4 [2–8] <0.001
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We assessed IAI cumulative incidence in patient 
groups stratified on CD74 and IL10 mRNA expression 
levels, using thresholds maximizing the Youden index. 
Cumulative incidence curves of IAI were significantly 
different between groups stratified on CD74 (Gray test 
p  <  0.001; Fig.  2a). Patients exhibiting a CD74 D3/D1 
mRNA ratio below 1.238, i.e. patients with a stable level 
between D1 and D3, had 1.8 (95% CI 1.2–2.7)-fold more 
IAI than those with a higher ratio, i.e. patients with an 
increase of CD74 level between D1 and D3 (62/231, 27% 
of IAI vs. 38/256, 15%). We also obtained a significant 
difference of IAI occurrence in groups stratified on IL10 
mRNA level (Gray test p < 0.001; Fig. 2b), with IAI occur-
rence 2.7 (95% CI 1.8–4.0)-fold higher in patients with 
IL10 D3 level above 0.039 compared to patients with IL10 

expression level below this threshold (66/206, 32% of IAI 
vs. 34/281, 12%).

Discussion
In this prospective cohort of 725 ICU patients, 137 
patients (19%) developed at least one episode of IAI. The 
mRNA expression levels of two host immune response 
biomarkers, CD74 and IL10, were significantly associated 
with IAI occurrence at different time-points, especially 
for the CD74 D3/D1 ratio and IL10 at D3 and D6 after 
admission. This association was observed independently 
of sepsis and shock status at admission. Patients’ strati-
fication based on either CD74 or IL10 mRNA threshold 
levels allowed the discrimination of patients with low IAI 
risk from those who were more likely to develop IAI.

Our cohort considered patients irrespective of sepsis or 
shock status at admission, with the perspective to appre-
ciate the ability of the markers to identify high risk of IAI 
in critically ill patients. The rate of 19% of IAI is consist-
ent with the literature [5, 17, 18], regarding the severity 
of the cohort with a median SAPS II of 56. As previously 
reported [1], the most frequent IAI was pneumonia, fol-
lowed by urinary tract infections. Diagnostic criteria of 
IAI were homogenous in the six ICUs of the same univer-
sity hospitals group.

At admission, 70% of patients were septic, with 50% 
of them in septic shock. Obviously, this last group was 
very heterogeneous. For instance, the prognosis of the 
67 trauma patients (9% of the cohort) is not the same 
as medical patients. A shock state requiring vasopres-
sors was present in 467 patients (including the 255 septic 
shock patients). The common feature of this ICU cohort 
is the severity. As previously shown, the prognosis of 
non-infected ICU patients and severe sepsis was com-
parable [19]. However, IAI cumulative incidence var-
ied among the groups defined by shock or sepsis status: 
if there was no difference between shocked and non-
shocked patients (septic or not), the onset of IAI dif-
fered between septic and non-septic patients. This could 
be due to the less efficient microbiological IAI diagnosis 
in the presence of antimicrobials. This implies that IAI 
definitions must be firmly established and applied. In our 
study, definitions from the ECDC were used [15].

Another important aspect is data analysis design. Mod-
ifications of immunity may either be a cause or a conse-
quence of IAI. It appears essential to censor biomarkers 
values at the date of IAI diagnosis, as we did in the pre-
sent study, in order to assess their predictive potential. 
We used appropriate statistic models, such as competing 
risks models, in order to avoid results misinterpretation 
due to the mortality rate.

Recently, several studies have investigated the immuno-
logical modifications occurring after a severe aggression, 

Table 2 ICU‑acquired infection characteristics

ICU intensive care unit, IAI ICU-acquired infection

Variable IAI (n = 137)

Time to IAI, in days 10 [6–18]

Site of IAI, n (%)

 Pneumonia 86 (63)

 Urinary tract infections 28 (20)

 Primary bacteremia 14 (10)

 Pneumonia + bacteremia 5 (4)

 Catheter‑related infections 3 (2)

 Urinary tract infections + bacteremia 1 (1)

Polymicrobial infections, n (%) 28 (20)

Patients with more than one IAI episode, n (%) 28 (20)

Fig. 1 Adjusted Fine and Gray subdistribution hazard ratios and 95 
confidence intervals for IAI occurrence in multivariate analysis. For 
each individual time‑points, models were computed adjusting for 
shock and sepsis status at admission as covariates (see Supplemen‑
tary Table 3 for details). For IL10 mRNA levels, subdistribution hazard 
ratios are expressed for an increase of 0.1 unit. ICU intensive care unit, 
IAI ICU‑acquired infection
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whether or not it is of infectious nature. Depending on 
several factors such as the intensity of the initial aggres-
sion or patient comorbidities, immune response may not 
return to homeostasis but to an immunosuppressive state 
[8]. The intensity and duration of this immunosuppres-
sion have been found to be associated with organ failure, 
fatal outcome, and a decreased resistance to pathogens 
[2, 17]. The prediction of the risk of IAI has been stud-
ied in specific populations such as sepsis [7], trauma [20], 
burn [21], or in general ICU populations [2]. mHLA-DR 
appears as the most promising candidate biomarker for 
IAI prediction. However, its determination requires flow 
cytometers, making its use complex in large multicen-
tric clinical evaluations and, more generally, in everyday 
clinical practice. mHLA-DR measurement needs to be 
performed within a few hours, due to the rapid modu-
lation of its expression on cell surfaces and the impos-
sibility of sample storage. Here, CD74 and IL10 were 
quantified by molecular biology. This technique, com-
monly used in clinics for viral load determination [22] or 
infection diagnosis [23], is now available on standardized 
and automated point of care platforms, ensuring ease of 
use for clinical routine in ICU. In the present study, as 
has been previously shown [6, 24, 25], CD74 mRNA was 
highly correlated with mHLA-DR expression and appears 
as a good alternative to flow cytometry. From D1, CD74 
mRNA expression levels were lower in ICU patients 
compared to healthy volunteers. In agreement with 

results obtained for mHLA-DR [26], a decrease of CD74 
D3/D1 mRNA expression ratio was significantly associ-
ated with IAI occurrence. However, contrary to what was 
expected based on mHLA-DR data, we observed a sig-
nificant association between an increase of CD74 mRNA 
expression at D1 and IAI occurrence. CD74 expres-
sion was measured in whole blood, whereas the down-
regulation of HLA-DR in IAI patients has been mainly 
observed on monocytes. The higher expression of CD74 
in IAI patients at admission could be due to a different 
regulation in other cell types, such as T lymphocytes 
[27]. This might also be explained by a different kinetic 
of expression regulation between mRNA and protein at 
early time-points.

IL-10 has emerged as a key regulator of immune 
response. We observed higher IL10 expression level in 
patients at admission than in controls, with a progres-
sive decrease over time. This had been already reported 
in injured patients, in the presence or absence of infec-
tion [28]. In the present study, IL10 expression level from 
D3 after admission was significantly associated with IAI 
occurrence. These data in adult patients are consist-
ent with our recent results obtained in a small cohort of 
pediatric ICU patients [9]. Previous studies evaluating 
IL-10 for IAI prediction gave conflicting results depend-
ing on the studied population, time-points and technique 
of measurement [18, 29, 30]. However, we showed that 
a single measurement of IL10 mRNA expression at D3 

Fig. 2 Cumulative incidence of first IAI episode in percentage, in populations defined by the CD74 D3/D1 ratio (a) or IL10 at D3 (b). For each bio‑
marker, the threshold was selected to maximize the Youden index (1.238 for CD74 D3/D1 expression ratio and 0.039 for IL10 at D3). For each group, 
curves were represented until the end of patient follow‑up, defined by the occurrence of the first event among IAI, discharge alive without IAI or 
death without IAI. A significant difference was obtained between the two curves for the CD74 D3/D1 ratio (Gray test p < 0.001) and for IL10 at D3 
(Gray test p < 0.001). ICU intensive care unit, IAI ICU‑acquired infection



1019

after ICU admission was able to identify patients at high 
risk of IAI, irrespective of infection and shock status at 
admission.

Few biomarkers have emerged for IAI prediction, and 
none has been sufficiently validated to be used in clini-
cal routine. A recent large-scale transcriptomic analysis, 
performed at a single time-point at admission, failed to 
identify an immune response signature predictive of IAI 
occurrence in sepsis patients [5]. This underlines the 
importance of serial measurement of biomarkers since 
immunodepression develops several days after injury.

Based on our results, CD74 and IL10 could be con-
sidered as markers of an altered immune status. In 
this context, immunostimulating adjuvant therapies 
to combat the immunosuppressive state of late sepsis 
and improve clinical outcomes have become an area 
of growing interest. A phase III trial is currently under 
recruitment, using GM-CSF as an immunostimulant 
(NCT02361528). Several other drugs were or are being 
evaluated, such as IL-7 (NCT02640807), anti-PDL-1 
(NCT02576457) or thymosin [31]. Several protec-
tive procedures could be used in patients particularly 
exposed to IAI due to an altered immune status identi-
fied by biomarkers. Selective digestive decontamination 
is largely used in some countries of northern Europe 
characterized by a low level of bacterial resistance [32], 
but not in southern Europe, probably for fear of a large 
exposure of antimicrobials. In the same way, chlorhex-
idine bathing [33], impregnated catheters [34], or spe-
cific dressings could be used to decrease IAI occurrence 
in these patients.

Our study has some limitations. First, biomarkers were 
measured at fixed time-points (D1, D3, D6) while IAI 
could appear at any time of the ICU stay, as long as the 
patient is at risk (mainly because of exposure to invasive 
devices). Daily determination of these parameters could 
give a better insight on the temporal relationship between 
IAI and persistence of immune alterations, as illustrated 
by the better performances of the CD74 D3/D1 mRNA 
expression ratio. Secondly, as there was no post-discharge 
follow-up, secondary infections acquired during hospital 
stay after ICU discharge were not recorded.

In conclusion, we confirm a significant association 
between IAI occurrence and systemic mRNA expression 
of CD74 and IL10, two key molecules involved in host 
immune response. As this was observed independently 
of sepsis and shock status at admission, these results sug-
gest that these biomarkers may be relevant potential tools 
for the identification of patients at high risk of secondary 
infections in general ICU population.
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