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Delayed increase of S100A9 messenger RNA predicts hospitalacquired infection after septic shock*

S

epsis is the leading cause of death among patients in noncoronary intensive care units (ICUs) and is the tenth major cause of death overall in the United States [START_REF] Martin | The epidemiology of sepsis in the United States from 1979 through 2000[END_REF]. Furthermore, the severe sepsis attack rate in French ICUs appears to have increased over the past decade [START_REF] Brun-Buisson | EPISEPSIS: A reappraisal of the epidemiology and outcome of severe sepsis in French intensive care units[END_REF]. After sep-tic shock, patients are more exposed to hospital acquired infection (HAI) as a result of the association of many risk factors such as invasive devices and a state of immunosuppression [START_REF] Landelle | Nosocomial infection after septic shock among intensive care unit patients[END_REF].

The prediction of outcome (ICUacquired infection or fatal) is of the utmost importance for selecting patients for targeted therapy aimed at restoring immune functions (in the case of associated immunosuppression) and for measures against crosstransmission. Clinical trials may have suffered over the past decades from not having been able to stratify patients owing to the clinical heterogeneity of the population [START_REF] Carlet | Sepsis: Time to reconsider the concept[END_REF].

Besides proinflammatory mediators such as cytokines and chemokines, several endogenous molecules initiate inflammatory responses by interacting with signaling receptors. Such innate signals are now generically termed alarmins because they are considered as danger-signaling molecules induced by various types of stress (e.g., trauma, infection, burns). The alarmin family includes high-mobility-group box proteins, interleukins such as interleukin-1␣, cytosolic calcium-binding proteins of the S100 family, heat-shock proteins, and nucleosomes [START_REF] Harris | Alarmin news about danger: Workshop on innate danger signals and HMGB1[END_REF][START_REF] Pugin | Dear SIRS, the concept of 'alarmins' makes a lot of sense![END_REF][START_REF] Adib-Conquy | Stress molecules in sepsis and systemic inflammatory response syndrome[END_REF]. Recent research points to prominent proinflammatory functions performed by at least three members of the S100 family, S100A8, S100A9, and S100A12, which are mainly expressed by phagocytes [START_REF] Roth | Phagocytespecific S100 proteins: A novel group of pro-inflammatory molecules[END_REF]. S100A8 and S100A9 are potent neutrophil stimulators and are involved in neutrophil migration to inflammatory sites [START_REF] Ryckman | Proinflammatory activities of S100: proteins S100A8, S100A9, and S100A8/A9 induce neutrophil chemotaxis and adhesion[END_REF]. S100A8 plasma levels decrease during the recovery phase from septic shock [START_REF] Payen | Gene profiling in human blood leucocytes during recovery from septic shock[END_REF]. Although S100A8 and S100A9 exist mainly as a heterodimer called calprotectin, several studies suggest that S100A9 has independent pro-and antiinflammatory functions, making it an interesting candidate biomarker in septic syndromes [START_REF] Sroussi | Oxidation of methionine 63 and 83 regulates the effect of S100A9 on the migration of neutrophils in vitro[END_REF][START_REF] Lorenzo | Macrophage suppression following phagocytosis of apoptotic neutrophils is mediated by the S100A9 calcium-binding protein[END_REF].

The aim of this study is to assess the ability of whole blood S100A9 measured at the messenger RNA (mRNA) level both in the first days after the onset of septic shock and at a later stage of the disease to predict survival and the occurrence of ICU-acquired infections.

Objective: Septic shock remains a serious disease with high mortality and increased risk of hospital-acquired infection. The prediction of outcome is of the utmost importance for selecting patients for therapeutic strategies aiming to modify the immune response. The aim of this study was to assess the capability of S100A9 messenger RNA in whole blood from patients with septic shock to predict survival and the occurrence of hospital-acquired infection.

Design: Cohort study. Setting: Two intensive care units in a university hospital.

Subjects:

The study included patients with septic shock (n ؍ 166) and healthy volunteers (n ؍ 44).

Interventions: None.

Measurements and Main Results:

For the patients with septic shock patients, overall mortality was 38% and the mean Simplified Acute Physiologic Scale II on shock onset was 52. Using quantitative reverse transcriptase-polymerase chain reactions, we found that median S100A9 messenger RNA was significantly lower in healthy volunteers than in patients with septic shock (p < .0001) between days 1 and 3 after onset of the septic shock and not significantly different between nonsurvivor and survivor patients (p ؍ .1278). However, median S100A9 messenger RNA measured on days 7-10 was significantly higher in patients who were about to contract hospital-acquired infections compared with those who were not (p ؍ .009). In the multivariate analysis, the S100A9 marker increased the probability of contracting hospital-acquired infections with an odds ratio of 1.12 per unit (p ؍ .0054).

Conclusions: S100A9 messenger RNA is increased in septic shock and its delayed overexpression is associated with the occurrence of secondary hospital-acquired infection. This biomarker may be of major interest in identifying patients with increased risk of hospital-acquired infection who could benefit from targeted therapy aimed at restoring their immune functions. 

MATERIALS AND METHODS

The protocol was approved by the local ethics committee for clinical research, which waived the need for informed consent.

Patients

The first part of the cohort samples has been used in previous studies [START_REF] Monneret | Persisting low monocyte human leukocyte antigen-DR expression predicts mortality in septic shock[END_REF]. Consecutive patients Ͼ18 yrs of age admitted for septic shock to two ICUs of a university hospital were enrolled from December 14, 2001, through May 1, 2005. The diagnosis of septic shock was based on criteria of the American College of Chest Physicians/Society of Critical Care Medicine [START_REF] Bone | Definitions for sepsis and organ failure and guidelines for the use of innovative therapies in sepsis. The ACCP/SCCM Consensus Conference Committee[END_REF]. It was defined by an identifiable infection site and evidence of a systemic inflammatory response manifested by at least two of the following criteria: 1) body temperature Ͼ38°C or Ͻ36°C; 2) heart rate Ͼ90 beats/min; 3) respiratory rate Ͼ20 breaths/ min; 4) a white blood cell count Ͼ12,000/mm 3 or Ͻ4000/mm 3 ; and 5) blood pressure no higher than 90 mm Hg despite fluid resuscitation and requiring vasopressor therapy (Ͼ5 g/kg of body weight of epinephrine and/or norepinephrine). The time of onset of the state of septic shock was defined as the beginning of vasopressor therapy (day 1). All patients were treated similarly according to the standardized septic shock guidelines of our ICUs. Patients were monitored for 28 days or until death. HAI-related variables were screened during the ICU stay. A group of healthy volunteers was recruited in our hospital (occupational medicine) to act as controls.

Intervention

All blood samples were drawn by an indwelling arterial catheter. Blood samples collected between days 1 and 3 after onset of septic shock were defined as early samples and those collected between days 7 and 10 were defined as late samples. Blood samples from volunteers were collected by venous puncture. They provided only an early sample.

Data Collection

Baseline Data. Data were collected on demographic characteristics, the dates of hospital and ICU admission and discharge, admission category, the presence on admission of immune deficiency, and the presence of comorbidities. Severity was assessed at the onset of septic shock using the Simplified Acute Physiology Score II [START_REF] Gall | A new Simplified Acute Physiology Score (SAPS II) based on a European/North American multicenter study[END_REF] and the Sepsis-related Organ Failure Assessment [START_REF] Vincent | The SOFA (Sepsis-related Organ Failure Assessment) score to describe organ dysfunction/ failure. On behalf of the Working Group on Sepsis-Related Problems of the European Society of Intensive Care Medicine[END_REF].

Variables Related to Septic Shock. Data were collected on the date of onset of septic shock (i.e., the documentation, the origin, and identity of the causative micro-organisms; the infection site). The location of septic shock acquisition was defined as the community, if initial signs of infection were present on hospital admission, or if septic shock developed within 48 hrs of admission. Other cases were grouped in the hospital and ICU-acquired septic shock category.

Hospital-Acquired Infection-Related Variables. HAIs were defined according to the criteria of the European Network for Surveillance of nosocomial infections in ICUs [START_REF]Surveillance of Nosocomial Infections in Intensive Care Units: Protocol[END_REF], which are very close to the Centers for Disease Control and Prevention's definitions [START_REF] Horan | CDC/ NHSN surveillance definition of health careassociated infection and criteria for specific types of infections in the acute care setting[END_REF]. If a patient experienced more than one episode of the same type of HAI after septic shock, the analysis was restricted to the first episode of that type. All HAIs after septic shock were reviewed concomitantly by two investigators; in the event of dissension, agreement was reached after further discussion.

Analytical Procedures

Whole blood samples collected during the early and late sampling periods were analyzed as follows: peripheral blood mRNA expression was measured using samples collected directly in PAXGene Blood RNA tubes (PreAnalytix, Hilden, Germany). Total RNA was extracted using the PAXGene Blood RNA kit (PreAnalytix). For each RNA extraction, the residual genomic DNA was digested using the RNase-Free DNase set (Qiagen, Hilden, Germany). The integrity and quality of the total RNA was assessed on an Agilent 2100 Bioanalyzer (Agilent Technologies, Waldbronn, Germany) by means of the RNA 6000 Nano assay (Agilent).

Total RNA was reverse transcribed into cDNA using the SuperScript III reverse transcription-polymerase chain reaction (PCR) system (Invitrogen, Carlsbad, CA) according to the manufacturer's instructions. mRNA expression was quantified using quantitative real-time PCR as previously described [START_REF] Pachot | Messenger RNA expression of major histocompatibility complex class II genes in whole blood from septic shock patients[END_REF]. Briefly, PCR reactions were performed using a LightCycler instrument with the Fast-Start DNA Master SYBR Green I real-time PCR kit according to the manufacturer's instructions (Roche, Mannheim, Germany). Thermocycling was performed in a final volume of 20 L containing 3 mM MgCl 2 and 0.5 M each of the required primers. PCR was performed with an initial denaturation step of 10 mins at 95°C followed by 40 cycles of a touch-down PCR protocol (10 secs at 95°C, 10 secs annealing at 68 -58°C, and 16 secs extension at 72°C).

mRNA expression of S100A9 and the housekeeping gene peptidylpropyl isomerase B encoding for cyclophilin B were investigated using specific cDNA standards and ready-touse primer mixes obtained from Search-LC. The cDNA standard for S100A9 (accession number NM_002965.3) was prepared from purified PCR amplicons obtained with the following primer combinations: S100A9: forward primer: 5Ј-TCAAAGAGCTGGTGCGAAAA-3Ј, reverse primer: 5Ј-AACTCCTCGAAGCT-CAGCTG-3Ј, amplicon position 253 to 279, as previously described [START_REF] Pachot | Messenger RNA expression of major histocompatibility complex class II genes in whole blood from septic shock patients[END_REF].

The LightCycler 2.0 was used to determine the crossing point for individual samples. Serial dilutions of the cDNA standard were prepared in quadruplicate to generate standard curves. Relative standard curves describing the PCR efficiency of the target gene and peptidylpropyl isomerase B were created and used to perform efficiency-corrected quantification with the LightCycler software version 4 (Roche). The results were expressed as a concentration ratio between the target gene mRNA and peptidylpropyl isomerase B mRNA levels. The efficiency of peptidylpropyl isomerase B mRNA as a reference for target mRNA quantification in humans has been previously described [START_REF] Pachot | Peptidylpropyl isomerase B (PPIB): A suitable reference gene for mRNA quantification in peripheral whole blood[END_REF].

Statistical Analysis

The baseline characteristics of patients on admission to ICUs were described using frequencies with associated percentages and medians with interquartile ranges. The survivor vs. nonsurvivor groups as well as patients developing secondary HAIs or not were compared using the Mann-Whitney U test for continuous variables and the Pearson chi-squared test or Fisher's exact test, as appropriate, for categorical data. For each marker, comparisons between healthy control subjects and patients with septic shock, survivors and nonsurvivors, HAI ϩ and HAI Ϫ , were performed using the Mann-Whitney U test. A receiver operating characteristic curve for the markers was produced to evaluate the prediction between survivors vs. nonsurvivors and HAI ϩ vs. HAI Ϫ . Univariate and multivariate logistic regression was used to identify the variables associated with death or HAI with the odds ratio and their 95% confidence interval. Those variables that resulted in a p value Ͻ.15 were subjected to multivariate analysis. Backward selection was used and a p value of .05 was considered as statistically significant. Because all the quantitative variables (Simplified Acute Physiology Score II, Sepsis-related Organ Failure Assessment, age, and S100A9 values) confirmed the assumed linearity with the outcome (survivors vs. non survivors, HAI ϩ vs. HAI Ϫ ), these variables were included in the model as a continuous variable. Survival curves were built to compare the probability of death or HAIs between the patients stratified using the threshold indicated by the Youden Index calculated on the receiver operating characteristic curve. The log-rank test was used to compare survival distribution. The absolute reduction in mortality and HAIs was the difference between the highest group's event rate and the lowest group's event rate. Statistical analyses were performed with SAS version 9 (SAS Institute, Cary, NC) and Analyze-it software (Analyze-it Software, Leeds, UK).

RESULTS

One hundred sixty-seven patients were eligible for the study. Overall, 159 completed the study (Fig. 1). Forty-four healthy volunteers acted as control subjects (86% women, median age 52 yrs).

The baseline characteristics are shown in Table 1. The mean value of the Simplified Acute Physiology Score II score on shock onset was 52 and the Sepsis-related Organ Failure Assessment score on admission was 10. Patients were equally divided between medical and surgical categories. The infections were equally divided between community-acquired and hospitalacquired infections. More than 75% of all the infections involved the two usual infection sites (i.e., abdominal and pulmonary). As expected, Sepsis-related Organ Failure Assessment and Simplified Acute Physiology Score II scores were significantly higher among the nonsurvivors than the survivors (p Ͻ .0001). The overall mortality within 28 days was 38%.

Thirty-seven patients (23%) out of 159 experienced at least one HAI after septic shock irrespective of whether the septic shock followed a hospital-(HAI attack rate: 23%) or community-acquired infection (HAI attack rate: 23%). The HAI after septic shock appeared with a median delay of 15 days (interquartile range, [START_REF] Monneret | Persisting low monocyte human leukocyte antigen-DR expression predicts mortality in septic shock[END_REF][START_REF] Bone | Definitions for sepsis and organ failure and guidelines for the use of innovative therapies in sepsis. The ACCP/SCCM Consensus Conference Committee[END_REF][START_REF] Gall | A new Simplified Acute Physiology Score (SAPS II) based on a European/North American multicenter study[END_REF][START_REF] Vincent | The SOFA (Sepsis-related Organ Failure Assessment) score to describe organ dysfunction/ failure. On behalf of the Working Group on Sepsis-Related Problems of the European Society of Intensive Care Medicine[END_REF][START_REF]Surveillance of Nosocomial Infections in Intensive Care Units: Protocol[END_REF][START_REF] Horan | CDC/ NHSN surveillance definition of health careassociated infection and criteria for specific types of infections in the acute care setting[END_REF][START_REF] Pachot | Messenger RNA expression of major histocompatibility complex class II genes in whole blood from septic shock patients[END_REF][START_REF] Pachot | Peptidylpropyl isomerase B (PPIB): A suitable reference gene for mRNA quantification in peripheral whole blood[END_REF][START_REF] Cinel | Molecular biology of inflammation and sepsis: A primer[END_REF][START_REF] Rivers | Management of sepsis: Early resuscitation[END_REF]. To predict the risk of ICU-acquired infection, only the patients with samples obtained on both days 1-3 and 7-10 were taken into account, which added up to 93 patients. Of these 93 remaining patients, 27 had HAIs described in Table 2. A total of 45 pathogens were isolated from the 39 HAIs. Pulmonary infections were caused by Pseudomonas aeruginosa (n ϭ 6), Enterobacteriaceae (n ϭ 4), and Staphylococcus aureus (n ϭ 4). Fungi accounted for 38% of all micro-organisms from urinary tract infections. Three bloodstream infections and four catheter-related infections were caused by Gram-positive cocci. Patients who developed HAIs were more exposed (and for a longer duration) to intubation and central venous and urinary tract catheterization. The duration of exposure was censured after the onset of the secondary HAI. Furthermore, patients with HAIs stayed longer in the ICU and had a higher mortality rate.

Mortality

For predicting mortality, 148 patients with early blood sample and 93 patients with late blood sample were evaluated. The S100A9 mRNA level was significantly lower in healthy volunteers than in pa- .0931) (Fig. 2). On days 1-3, the area under the receiver operating characteristic curve was found to be 0.575 (confidence interval 0.478 -0.671; p ϭ .0644). At a cutoff of 22 chosen with the Youden index, the sensitivity of S100A9 mRNA for differentiating survivors from nonsurvivors on day 28 was 46% and its specificity 73%. However, the survival curves were significantly different because the survival rate of patients with S100A9 mRNA Ͻ22 was higher than in patients with S100A9 mRNA Ն22 (log-rank test: p ϭ .0165). On days 1-3, S100A9 mRNA was not statistically significant in the uniand multivariate analysis.

ICU-Acquired Infection

The S100A9 mRNA level at days 1-3 did not show significant differences between HAI-positive and -negative groups (median [interquartile range]: HAI ϩ : 16.390 [12.670 -25.440], HAI Ϫ : 15.960 [9.395-23.270]; p ϭ .2733). In contrast, as shown in the Figure 3, on days 7-10, the median S100A9 mRNA level was significantly higher in the HAI-positive group (10.140 [7.34 -18.08] vs. 7.160 [4.340 -11.810]; p ϭ .0090). S100A9 mRNA predicted HAI with an area under the receiver operating characteristic curve of 0.673 (confidence interval, 0.552-0.794; p ϭ .0025). At a cutoff of 6.1 chosen with the Youden index, the sensitivity of S100A9 mRNA for predicting HAI was 89% and its specificity 44%. The HAI-free distribution function is significantly different between the two groups (Fig. 4), because patients with S100A9 mRNA Ͻ6.1 had a lower rate of HAI than patients with S100A9 mRNA Ն6.1 (logrank test: p ϭ .0234). Based on this cutoff value of S100A9, the absolute reduction in HAI was 30% (relative risk, 4.2; 95% confidence interval 1.37-12.88). Multivariate analysis showed that S100A9 mRNA on days 7-10 after the onset of septic shock significantly increased the probability of HAI with an odds ratio of 1.12 per unit (95% confidence interval 1.034 -1.213; p ϭ .0054; Table 3).

DISCUSSION

Danger-associated molecular patterns are normal cell constituents that can be released into the extracellular milieu during states of cellular stress or damage and subsequently activate the immune system. S100 proteins have been defined as danger-associated molecular patterns, which might be involved in sepsis, although their precise contribution in pathophysiology remains to be elucidated [START_REF] Cinel | Molecular biology of inflammation and sepsis: A primer[END_REF]. In the present study, we showed that septic shock induced a major increase in S100A9 mRNA expression in circulating cells. Although the expression was not associated with survival, our findings suggested that an increased S100A9 mRNA level was a predictor of HAI.

Early identification and comprehensive resuscitation of high-risk patients are key links in the survival chain in the management of severe sepsis and septic shock [START_REF] Rivers | Management of sepsis: Early resuscitation[END_REF]. Biomarkers are needed to assess the severity of illness and to riskstratify patients to ensure proper allocation of limited resources and to develop future therapeutics [START_REF] Bochud | Pathogenesis of sepsis: New concepts and implications for future treatment[END_REF]. At the onset of septic shock, major differences in systemic S100A8 expression between non-survivors and survivors have been reported both in terms of mRNA and protein, suggesting a direct relationship between transcription and translation mechanisms [START_REF] Payen | Gene profiling in human blood leucocytes during recovery from septic shock[END_REF]. More recently, a study performed on patients with severe sepsis found no apparent correlation between serum S100A8/A9 and the severity of disease and similar levels in survivors and nonsurvivors [START_REF] Van Zoelen | Expression and role of myeloid-related protein-14 in clinical and experimental sepsis[END_REF]. The systemic expression of high-mobility-group box-1, another major alarmin involved in sepsis pathophysiology, is known to be strongly increased in severe sepsis and septic shock. Both mRNA and protein levels were shown to be significantly associated with patient outcome and the degree of organ failure [START_REF] Wang | HMGB1 as a late mediator of lethal systemic inflammation[END_REF][START_REF] Pachot | Longitudinal study of cytokine and immune transcription factor mRNA expression in septic shock[END_REF][START_REF] Sunden-Cullberg | Persistent elevation of high mobility group box-1 protein (HMGB1) in patients with severe sepsis and septic shock[END_REF][START_REF] Gibot | Highmobility group box 1 protein plasma concentrations during septic shock[END_REF]. In the present study, we found that the cell-circulating expression of S100A9 mRNA is strongly increased after septic shock compared with that in a healthy control population. Our data are in line with a recent proteomic study in which, of 41 serum proteins, S100A9 was found to be significantly increased in patients with severe sepsis [START_REF] Hattori | YKL-40 identified by proteomic analysis as a biomarker of sepsis[END_REF]. As described for high-mobility-group box-1, our data suggest that S100A9 could play a persistent timerelated role in sepsis pathophysiology. However, based on our cohort of patients with septic shock, whole blood S100A9 mRNA does not seem to be a relevant marker for mortality, either at the early or the late phase of the syndrome.

HAIs affect approximately 20% of patients in ICUs and are associated with substantial morbidity and mortality. The duration of exposure to invasive devices (intubation, central venous catheterization, urinary tract catheterization) before HAI onset is a classic risk factor [START_REF] Vincent | Nosocomial infections in adult intensive-care units[END_REF]. With respect to the occurrence of secondary HAIs, our data suggest that an increased S100A9 mRNA expression in whole blood is a significant predictor of HAI after septic shock when determined after the first week, but not when measured during the first 3 days of the syndrome. A persistent decrease in HLA-DR expression on circulating monocytes (mHLA-DR) has been associated with the development of septic complications after various injuries, including burns, trauma, and sepsis [START_REF] Venet | Decreased monocyte human leukocyte antigen-DR expression after severe burn injury: Correlation with severity and secondary septic shock[END_REF][START_REF] Muehlstedt | Increased IL-10 production and HLA-DR suppression in the lungs of injured patients precede the development of nosocomial pneumonia[END_REF][START_REF] Tulzo | Monocyte human leukocyte antigen-DR transcriptional downregulation by cortisol during septic shock[END_REF]. The decreased expression of mHLA-DR is probably the most established marker of immunosuppression in critically ill patients. S100A9 might indeed act, therefore, as an endogenous alarm in the early phase of septic shock, although this molecule may also contribute, directly or indirectly, to other mechanisms leading to immunosuppression and HAI [START_REF] Ehrchen | The endogenous Toll-like receptor 4 agonist S100A8/S100A9 (calprotectin) as innate amplifier of infection, autoimmunity, and cancer[END_REF]. Whether S100A9, alone or in combination with S100A8, has more pro-or anti-inflammatory functions remains unclear. The heterodimer S100A8-A9 (also called calprotectin) is released in response to stress and has been mainly associated with proinflammatory mechanisms, neutrophil activation, and migration [START_REF] Foell | S100 proteins expressed in phagocytes: A novel group of damage-associated molecular pattern molecules[END_REF][START_REF] Steinbakk | Antimicrobial actions of calcium binding leucocyte L1 protein, calprotectin[END_REF]. These mechanisms are mediated, at least in part, by the activation of TLR4 and the receptor for advanced glycation end prod- ucts, leading to lethal endotoxin-induced shock in animal models [START_REF] Ryckman | Proinflammatory activities of S100: proteins S100A8, S100A9, and S100A8/A9 induce neutrophil chemotaxis and adhesion[END_REF][START_REF] Ehrchen | The endogenous Toll-like receptor 4 agonist S100A8/S100A9 (calprotectin) as innate amplifier of infection, autoimmunity, and cancer[END_REF][START_REF] Turovskaya | RAGE, carboxylated glycans and S100A8/A9 play essential roles in colitis-associated carcinogenesis[END_REF]. However, in contrast, other studies suggest that the S100A8/A9 complex may play an important role in the suppression of acute inflammation by trapping proinflammatory cytokines in vivo [START_REF] Ikemoto | Intrinsic function of S100A8/A9 complex as an anti-inflammatory protein in liver injury induced by lipopolysaccharide in rats[END_REF][START_REF] Otsuka | Suppression of inflammation in rat autoimmune myocarditis by S100A8/A9 through modulation of the proinflammatory cytokine network[END_REF]. The anti-inflammatory effects of S100A9 itself in experimental animal models (40 -43) and in in vitro experiments [START_REF] Lorenzo | Macrophage suppression following phagocytosis of apoptotic neutrophils is mediated by the S100A9 calcium-binding protein[END_REF] have also been documented.

Our study is a new illustration that molecular biology tools and mRNA quantification in whole blood could be a reliable approach to monitoring mRNA expression levels in peripheral blood from septic patients and may contribute to staging patients with septic syndromes (19, 44 -46). However, three limitations of our study should be highlighted. First, sample standardization is difficult to obtain in a clinical context (e.g., no sampling during weekends), explaining large sampling windows. Second, the results may be influenced by competitive risk between HAI and death, because patients who died early may not have had enough time to develop an HAI. The third limitation is that the serum protein level of S100A9 was not investigated in our study.

CONCLUSIONS

Increased S100A9 mRNA measured on days 7-10 might be of interest for identifying a population of patients suscepti-ble to HAI. Further validation of this marker in multicenter studies would produce better stratification of patients [START_REF] Janes | Assessing the value of risk predictions by using risk stratification tables[END_REF]. Furthermore, this article illustrates the potential of a transcriptomic approach for identifying new candidate markers for staging septic patients. 

Figure 1 .

 1 Figure 1. Flow chart of the population studied. A total of 167 patients were enrolled; one was excluded because septic shock was not confirmed, two resulting from poor-quality samples, and five as a result of missing samples. Data are expressed as counts. S, survivors; NS, nonsurvivors; HAI ϩ , hospital-acquired infection; HAI Ϫ , no HAI.

  tients with septic shock (median [interquartile range], 1.460 [1.065-1.870] vs. 16.620 [11.870 -25.835]; p Ͻ .0001). In survivors and nonsurvivors, the S100A9 mRNA level tended to decrease from days 1-3 to 7-10. However, no significant differences were observed between groups at the two time points (median [interquartile range] days 1-3, nonsurvivors: 18.070 [11.950 -29.240], survivors: 16.310 [11.950 -23.180]; p ϭ .1278; days 7-10: nonsurvivors: 10.620 [7.350 -13.870], survivors: 7.360 [4.550 -10.480]; p ϭ

Figure 2 .

 2 Figure 2. Messenger RNA (mRNA) level of S100A9 in peripheral blood of survivor (S; n ϭ 90) and nonsurvivor (NS; n ϭ 58) septic shock patients and healthy volunteers (n ϭ 44). The mRNA level was normalized to that of the housekeeping gene peptidylpropyl isomerase B (quantitative reverse transcription-polymerase chain reaction [qRT-PCR] concentration ratio). *p ϭ .0001 vs. D1-3; †p ϭ .1278 vs. NS; ‡p ϭ .0931 vs. NS, Mann-Whitney U test.

Figure 3 .

 3 Figure 3. Messenger RNA level of S100A9 in peripheral blood of patients with septic shock with hospital-acquired infection (HAI ϩ ; n ϭ 27) or without subsequent hospital-acquired infection (HAI Ϫ ; n ϭ 66) and healthy volunteers (HV; n ϭ 44). *p ϭ .2733 vs. HAI ϩ ; †p ϭ .0090 vs. HAI ϩ , Mann-Whitney U test. qRT-PCR, quantitative real-time polymerase chain reaction.

Figure 4 .

 4 Figure 4. Kaplan-Meier analysis of patients free from hospital-acquired infection (HAI) using the threshold indicated by the Youden Index calculated on the receiver operating characteristic curve (S100A9 messenger RNA level normalized with peptidylproply isomerase B). There is a significant difference between the two curves (log-rank test, p ϭ .0234).

(Crit Care Med 2011; 39:2684 -2690) KEY WORDS: shock; septic; biologic markers; RNA; messenger; cross infection; calgranulin B

  

Table 1 .

 1 Patient characteristics

		Nonsurvivors	Survivors	Total	
		(n ϭ 61; 38%)	(n ϭ 98; 62%)	(n ϭ 159; %)	p
	Female, no. (%)	24 (39)	33 (34)	57 (36)	.4684
	Age, median yrs (Q1-Q3)	66 (55-77)	66 (55-75)	66 (55-76)	.5492
	Sequential Organ Failure Assessment,	12 (10-14)	9 (8-11)	10 (8-12)	Ͻ.0001
	median (Q1-Q3)				
	Simplified Acute Physiologic Scale	64 (56-71)	48.5 (41-54)	52 (43-63)	Ͻ.0001
	II (Q1-Q3)				
	Comorbidities Ն1	38 (62)	35 (36)	73 (46)	.0011
	Chronic respiratory disease, no. (%)	15 (25)	11 (11)	26 (16)	.0267
	Suspected infection, no. (%)	1 (2)	3 (3)	4 (3)	1.0000
	Clinically documented diagnosis,	7 (11)	18 (18)	25 (16)	.2457
	no. (%)				
	Microbiologically documented	53 (87)	76 (78)	129 (81)	.1435
	diagnosis, no. (%)				
	Gram-negative bacilli, no. (%)	35 (57)	47 (48)	82 (52)	.2479
	Gram-positive cocci, no. (%)	27 (44)	36 (37)	63 (40)	.3453
	Fungi, no. (%)	14 (23)	17 (17)	31 (20)	.3858
	Other, no. (%)	7 (11)	10 (10)	17 (11)	.8008
	Primary site of infection				
	Abdominal, no. (%)	23 (38)	40 (41)	63 (40)	.6463
	Pulmonary, no. (%)	28 (46)	38 (39)	66 (42)	
	Other, no. (%)	10 (16)	20 (20)	30 (19)	
	Q, quartile.				

Table 2 .

 2 Characteristics and outcomes of patients with or without hospital-acquired infection (HAI)

		Patients	Patients	
		With HAI	Without HAI	
		(n ϭ 27; 29%)	(n ϭ 66; 71%)	p
	HAI characteristics			
	Pulmonary infection	14 (51.9)		
	Urinary tract infection	11 (40.7)		
	Catheter-related infection	7 (25.9)		
	Bloodstream infection	7 (25.9)		
	Intubation			
	No. (%)	27 (100)	61 (92.4)	.3165
	Duration, days	19 (14-34)	11 (7-18)	Ͻ.0001
	Central venous catheterization			
	No. (%)	27 (100)	65 (98.5)	1
	Duration, days	27 (20-40)	13 (10-19)	Ͻ.0001
	Urinary tract catheterization			
	No. (%)	27 (100)	61 (93.8)	.3165
	Duration, days	25 (20-40)	13 (10-21)	.0001
	Patient outcome			
	Hospital stay, days	40 (29-99)	29 (21-38)	.0018
	ICU stay, days	37 (27-45)	13 (11-23)	Ͻ.0001
	ICU mortality rate, within 28 days	6 (22.2)	13 (19.7)	.784
	Crude ICU mortality rate	13 (48.2)	11 (16.7)	.0016
	Crude inhospital mortality rate	14 (51.9)	19 (28.8)	.0349
	ICU, intensive care unit.			

Data represents no. of patients (%) or median value (interquartile range).

Table 3 .

 3 Uni-and multivariate analysis for hospital-acquired infection in the intensive care unit

			Univariate (n ϭ 93)			Multivariate (n ϭ 93)
		Odds	95% Confidence		Odds	95% Confidence
		Ratio	Interval	p	Ratio	Interval	p
	Gender					
	Male	1	-	-		
	Female	1.6	0.641-3.997	.3143		
	Age, yrs	0.998	0.968-1.027	.8691		
	Simplified Acute	0.999	0.961-1.037	.9381		
	Physiologic					
	Scale II					
	Sequential Organ	1.124	0.955-1.322	.1586		
	Failure Assessment					
	Comorbidities					
	0	1	-	-		
	Ն1	1.021	0.414-2.514	.9645		
	Origin of shock					
	Nosocomial	1	-	-		
	Community-acquired	1.144	0.467-2.803	.7682		
	Infection site					
	Pulmonary	1	-	-		
	Abdominal	1.735	0.644-4.672	.3268		
	Other	1.172	0.299-4.597	.8540		
	S100A9 (messenger RNA) 1.120	1.034-1.213	.0054 1.120	1.034-1.213	.0054
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