
Sepsis remains a leading cause of morbidity and mortality 

in critically ill patients. In a subgroup of patients, 

morbidity and mortality are linked to immunoparalysis 

that ensues after the initial infl ammatory cascade of 

septic shock [1,2]. Accordingly, therapies to restore 

proper immune function hold promise in the treatment 

of immunoparalysis-related morbidity. However, success-

ful implementation of these therapies depends on the 

recognition of sepsis as a heterogeneous clinical syn-

drome and the ability to identify (stratifi cation) patients 

with immunoparalysis. Several factors account for sepsis 

heterogeneity: the infectious organism and focus of 

infection, host genetics and its eff ect on the infl ammatory 

response, and co-morbidities [3]. Conversely, experi-

mental treatments in sepsis clinical trials have historically 

been homogeneously applied without adequately address-

ing this heterogeneity, and this likely has contributed to 

the lack of effi  cacy seen in most clinical trials [4].

Moving forward, successful application of immuno-

modulating therapies hinges upon identifying and 

account ing for the biological variation among patients 

with sepsis. Such a stratifi cation or staging system would 

serve to mitigate the issues surrounding disease hetero-

geneity, while simultaneously allowing a potential therapy 

to target a more distinct, biologically appropriate popu-

lation. Under this design, the potential effi  cacy of a new 

therapeutic strategy is not attenuated by its use in 

patients who are not primed or predisposed to receive 

benefi t [5].

An important challenge in the fi eld, then, lies in 

selecting the parameters or biological ‘readouts’ that will 

be used for stratifi cation, as has been attempted by 

Turrel-Davin and colleagues in this issue of Critical Care 

[1]. Illness severity scores are not appropriate, nor are 

intended, for individual patient stratifi cation [6]. Bio-

markers may serve both as a means for selecting patients 

eligible for immunomodulatory therapies, as well as for 

monitoring response to treatment. Stratifi cation 

biomarkers can identify high risk patients potentially 

eligible for higher risk therapies [4]. Likewise, these same 

biomarkers could be used to exclude patients who are 

projected to have a good clinical outcome with standard 

therapy. Th e goal of stratifi cation would thus be to target 

a distinct biological process, while at the same time 

minimizing the risk-benefi t ratio.

Gene expression profi ling has been used to discover 

sepsis-related biomarkers. It is unlikely that a single drug 

or intervention will ever come as the end-all treatment 

for septic shock, and thus broad-scale tools may allow us 

to stratify a patient’s immune status and consequently 

allow for more objective selection of immune modulating 

therapies [7]. Recently we have shown that gene signa-

tures and gene expression mosaics obtained from 

patients within the fi rst 24 hours of septic shock can be 

used to stratify patients into subclasses having their own 

particular severity of illness, rate of organ failure, and 

mortality [8]. Th is work shows that gene expression 

methods may represent a robust and achievable process 

by which patients with sepsis can be stratifi ed. Similarly, 

Turrel-Davin and colleagues have shown that mRNA 
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expression can be used to monitor subsequent response 

to treatment [1].

While biomarkers appear to hold promise for staging 

strategies in the future, such optimism must be met with 

caution. Th e biologic model under which biomarkers are 

derived may have a signifi cant impact on the conclusions 

that we draw about a particular biomarker. For example, 

in the study by Turrel-Davin and colleagues, the presence 

of low-dose lipopolysaccharide in cell culture induced 

endotoxin tolerance, and this subsequently resulted in an 

attenuated infl ammatory response following a second 

lipopolysaccharide challenge at a higher dose. In contrast, 

in a murine model where lipopolysaccharide-induced 

endotoxin tolerance was followed by cecal ligation and 

puncture (that is, an in vivo infectious challenge), endo-

toxin tolerance enhanced bacterial clearance and 

improved animal survival [9]. Th us, it is not entirely clear 

whether the phenomenon of endotoxin tolerance is 

biologically equivalent to the immunosuppression observed 

in critically ill patients. Second, the demographics of the 

patient population being studied may infl uence bio-

marker derivation and performance. For example, plasma 

interleukein-8 levels have been shown to robustly predict 

survival in pediatric patients with septic shock [10]; 

however, this same biomarker is not an eff ective risk 

stratifi cation tool when applied to older adults [11]. Like-

wise, Turrel-Davin and colleagues showed gene expres-

sion restoration after recombinant interferon gamma 

treatment of monocytes obtained from elderly (all over 

the age of 64  years) patients with septic shock [1]. We 

must be cautious in extrapolating these fi ndings to 

younger patient populations.

Advancements in the treatment of septic shock may lie 

in the ability to tailor therapies according to the specifi c 

immune status of an individual patient (stratifi cation). 

Th e discovery and implementation of these therapies are 

most likely to be successful if studied in more biologically 

homogeneous patient populations. Th e use of gene 

expression biomarkers may allow us to identify these 

patients as well as to follow their response to therapy. 

Such rationale should hold promise in the future 

development of tools used for treating our patients 

suff ering from sepsis.
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