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Thanks to earlier recognition of sepsis and advances in 
its management, most patients with septic shock now 
survive the early phase of resuscitation, although there 
remains a high risk of death as a result of a protracted 
inflammatory response and/or increased susceptibil-
ity to secondary complications [1]. Beyond the classical 
and undisputed endpoint of mortality, intensive care unit 
(ICU)-acquired infections (IAI) are of real concern [2]. 
The risk of developing IAI is influenced by multiple clini-
cal factors, including underlying comorbidities, initial 
severity of sepsis and need for invasive procedures, but 
these factors do not fully account for the individual risk 
of IAI.

A number of experimental and clinical studies have 
indicated that acquired immune suppression largely con-
tributes to the pathophysiology of secondary infections 
[3]. This concept has emerged at a time when the clini-
cal critical care community has been disappointed with 
the results of multiple trials of anti-inflammatory sepsis 
therapies. In addition, while prompt broad-spectrum 
antimicrobial therapy has been associated with better 
outcomes at the most severe end of the sepsis spectrum, 
timely antimicrobial de-escalation, based on micro-
biologic identification, susceptibility testing and clini-
cal improvement, is an essential strategy to conserve the 
effectiveness of existing antimicrobials and prevent the 
emergence of resistance [4]. Clearly, novel approaches 
to the diagnosis and clinical management of nosocomial 
infections are urgently needed.

With the demonstration that sepsis and other acute 
inflammatory conditions can promote a complex immu-
nosuppressive status, several biomarkers have been 

investigated for their ability to predict mortality or the 
development of nosocomial infections (Fig.  1). Deacti-
vation of monocytes, as assessed by a low expression of 
the antigen presentation apparatus [human leukocyte 
antigen–antigen D related (HLA-DR) test], is viewed as 
the most relevant marker of acquired immune suppres-
sion and has been linked to increased mortality as well 
as increased susceptibility to IAI [5, 6]. The pitfalls of 
HLA-DR measurement include the need for immediate 
cell staining with fluorescent antibodies and for a flow 
cytometer and a skilled technician. Although automated 
point-of-care systems are being developed, the ability to 
monitor HLA-DR expression currently remains largely 
restricted to working hours. Lymphopenia has also been 
considered to be predictive of IAI, although the differen-
tial behavior of lymphocyte subsets makes it difficult to 
interpret the results [7–9]. Recently, whole-genome tran-
scriptome analysis has added a new layer of complexity 
to the understanding of immune regulation in this setting 
[2, 10, 11].

Peronnet and colleagues addressed the performance 
of alternative molecular biomarkers to predict IAI [12]. 
Using quantitative real-time PCR, these authors assessed 
the systemic expression of the prototypic anti-inflam-
matory cytokine interleukin (IL)-10 and of the CD74 
invariant chain involved in the formation and transport 
of major histocompatibility complex class II proteins and, 
therefore, a surrogate marker for cell surface HLA-DR 
expression. They studied 19 healthy volunteers to assess 
steady-state gene expression and 725 non-immunocom-
promised patients, including 70% with an infection and 
50% with septic shock. The cumulative incidence of IAI 
was 19%, occurring at a median of 10  days following 
ICU admission. Sequential whole blood samples were 
obtained at the time of ICU admission (day 1) and on 
days 3 and 6. IAI occurred more frequently in patients 
with a decrease in CD74 mRNA expression between day 
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1 and day 3 and in patients with higher levels of IL-10 
mRNA on day 3. Of note, lymphocyte counts remained 
similar at all time points in patients with IAI and in those 
without.

The study has several strengths, including the size of 
the cohort, which is much larger than usual for this type 
of investigation, and the statistical analysis, which took 
into account the competing risks of IAI, such as death 
and discharge alive from the ICU, and adjusted for some 
potential confounders at ICU admission, such as sepsis 
and shock. The time interval between samples and onset 
of IAI makes it unlikely that the immune dysfunction on 
day 3 was caused or worsened by the secondary infec-
tious insult, which generally occurred later on. Nonethe-
less, some limitations have to be highlighted. First, the 

control subjects were blood donors, and were generally 
much younger than the patients. The impact of ageing on 
immune function, the so-called immunosenescence, has 
rarely been taken into account in such translational stud-
ies [8]. Second, CD74 mRNA expression was correlated 
to HLA-DR measurements by flow cytometry in only a 
small subset of patients. Most importantly, the study only 
included a discovery cohort, without a validation cohort.

The major question is how can the results from such 
exploratory studies be translated to effective clinical 
application of immunomonitoring for the diagnosis and/
or treatment of nosocomial infections? We now have rel-
evant biomarkers to address the immune status of criti-
cally ill patients. The collection of RNA is convenient and 
adapted to the clinical 24/7 ICU setting, although the 

Fig. 1 Phenotyping immune cells in critically ill patients. Acute inflammatory disorders induce quantitative changes and functional defects in 
immune cells. Cells can be counted by an automated hemocytometer depending on their size and granulometry. Flow cytometry enables refine‑
ment of the distribution of cell subsets through the expression of surface differentiation markers (e.g., CD14 and CD16 for monocytes) and assess‑
ment of their activation status (e.g., expression of the antigen presentation apparatus with the HLA‑DR test). Cell products include mRNA and their 
resulting proteins. mRNA expression can be quantified at the single‑ and whole‑genome levels through reverse‑transcriptase quantitative polymer‑
ase chain reaction (rt-qPCR) and microarrays, respectively. Protein products can be quantified by enzyme‑linked immunosorbent assays (ELISA). The 
advantages and drawbacks of these methods are displayed on the radar graphs with respect to their convenience in the intensive care setting (24/7 
sampling and centralized or point‑of‑care measurements), ease of interpretation and current performance for the prediction of infections acquired 
in the intensive care unit (IAI)
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subsequent steps to gene expression measurements need 
to be carried out rapidly if they are to be included in a 
decision-making process. How these molecular tools may 
actually impact on clinical management remains elusive. 
Some immune defects are amenable to immune-enhanc-
ing therapeutics, and several biomarker-based therapeu-
tic interventions have thus been proposed to prevent or 
treat IAI, including granulocyte–macrophage colony-
stimulating factor and interferon-gamma to reverse 
monocyte deactivation, IL-7 to stimulate lymphocyte 
proliferation and anti-checkpoint molecules to restore 
lymphocyte activation [13–15]. Furthermore, stratifying 
the risk of IAI has become essential in modern critical 
care medicine because the commonly used diagnostic 
criteria for infection have limited sensitivity and speci-
ficity in the ICU and may result in delayed or excessive 
antibiotic prescription. The study of Peronnet and col-
leagues [12]  suggests that immune profiling of critically 
ill patients could be integrated into a multimodal real-
time diagnostic work-up of IAI in the near future. This 
would represent an important step towards more person-
alized medicine in the ICU.
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