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Septic shock is the most severe form of sepsis, i.e., an
infection associated with organ failures, due to a dysreg-
ulated host response [1]. Among the body systems that
respond in a dysregulated way, the immune system plays
a major role in the pathophysiology of sepsis. Indeed,
although a pathogen is responsible for the infection, and
will trigger the host immune response, the organ fail-
ures are the consequence of this inappropriate immune
response. This has been demonstrated nicely, amongst
other, by Poltorak et al. [2]. Therefore, as we use diagnos-
tics to manage infection (ID/AST'), we should monitor
the immune response if we wish to act on it.

Our current understanding of the host immune
response and the pathophysiology of sepsis is described
in Fig. 1 [3, 4]. This complex interplay between the vari-
ous components of the immune response is highly
dynamic, underlying the need for monitoring to under-
stand where a given patient stands on such altered
response. Our understanding that such response is
altered comes mainly from observations that in septic
patients, the level of plasma cytokines (such as IL-6 or
IL-10) or other phenotypic markers (e.g, altered expres-
sion of HLA-DR or lymphopenia) is 100- to 1000-folds
what is seen in a physiological response. Moreover, many
of these immune-related biomarkers have been associ-
ated with relevant clinical endpoints such as mortal-
ity or the occurrence of secondary infections [5-10].
Multiple experimental and animal studies also provided
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supporting evidences that manipulating the host immune
response could allow (1) to avoid or treat organ fail-
ures (mostly blocking the pro-inflammatory side of the
response), and (2) avoid secondary infections and pro-
mote healing (nicely reviewed in [3, 4]). Most attempts
to translate this into clinical practice have failed, mainly
because (1) we did not take into account the dynamics
of the response (as mentioned above), thus administer-
ing a drug at the wrong time (e.g, TNF inhibitor once the
patient is already exhibiting immune-paralysis), and (2)
we ignored which threshold should triggered the admin-
istration of an immune-modulatory drug. Measuring
some immune parameters and defining such threshold
should, therefore, help us to select among all the poten-
tial immune-modulatory alternatives (such as GM-CSF,
IFNG-g, checkpoint inhibitors, or IL-7), and promote the
most promising ones.

The third reason to support immune monitoring is to
acknowledge the heterogeneity of the septic population
[11]. Indeed, we have now several studies underlying
that sepsis encompasses multiple phenotypes or endo-
types. The fulminant hyperinflammatory response of a
young children to meningococcemia is far different from
a ventilator-associated pneumonia due to pseudomonas
in a highly comorbid patient. A recent paper from Sey-
mour et al. recently identified four clinical endotypes,
and nicely shown that varying the proportion of these
endotypes within a given trial population might change
completely the result of such trial [12]. Similarly, Wong
et al. and Antcliffe et al. have also shown that identify-
ing subgroup of patients by transcriptional signatures
was associated with different outcomes upon hydrocor-
tisone treatment [13—15]. The ability to stratify septic
patients (or more broadly, critically ill patients) into more
homogeneous subgroups will be key to demonstrate the
efficacy of immune manipulation strategies [16]. This
has been suggested clinically by Meisel et al.with their
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Fig. 1 Schematic representation of the host immune response in sepsis. Any time the body is injured, a host immune response is observed (which
can be triggered by an infectious insult, or a sterile one such as trauma, burn, and surgery). When the invasive pathogen triggers the immune
response, innate immune system will quickly react to control the proliferation and spread of the pathogen, and kill it. Both a pro-inflammatory

and an anti-inflammatory response will start (thin red and blue lines). The net balance is towards pro-inflammation initially and then shift towards
anti-inflammation (red and blue areas). These powerful mechanisms are also deadly for our own cells, and when exacerbated, will lead to organ
failures, in particular, a severe cardio-vascular dysfunction (thick red line). To avoid us from dying any time we got infected, our immune system has
elaborated compensatory mechanisms, that will help our immune system to quickly return to homeostasis and allow healing. However, when this
compensatory response is overstated and prolonged (thick blue line), this translates into immune paralysis, which favors secondary infections, and
impairs the return to homeostasis and healing processes. Over time, when no resolution of inflammation occurs, patients will evolve towards a
chronic inflammatory state (with both features of the pro-inflammatory and anti-inflammatory response, dotted light blue, and orange lines) that is

pilot study on the effect of boosting the immune sys-
tem by GM-CSF (the patients were stratified on the low
expression of monocytic HLA-DR), or more recently by
Shakoory et al. who demonstrated that macrophage acti-
vation syndrome could identify those that may benefit
from the administration of recombinant IL-1b antago-
nism [17, 18]. While, up to now, prognostic enrichment
has been favored in septic shock, predictive enrichment
may indeed be an interesting alternative [19].

To do so, unresolved issues are to determine which
immune parameters are relevant, and which thresh-
old would provide the best stratification performances.
However, discriminating the normal immune response
(which is physiologically different from homeosta-
sis) from an immune dysfunction is difficult. Interest-
ingly, Timmermans et al. used severe trauma patients
to describe the initial host immune response to injury
(because in trauma, the onset time is known precisely,
and we know that the host immune response to injury
is similar to what is seen in sepsis). They showed that
as soon as 30 min after trauma, many immune-related
biomarkers were already altered, such as the inability to
produce TNF after ex-vivo stimulation by LPS [20]. Such
very early response most probably reflects the physi-
ological compensatory response. However, as patients

exhibiting a decrease in HLA-DRA expression between
admission and day 3 (ratio<1) were more likely to
develop secondary infections, it is more the depth and
duration of these alterations that we should call immune
suppression. Our ability to understand when the host
response shifts from a physiological response to a patho-
logical one will be key. Moreover, given the complexity
of the immune system, we need to understand if altera-
tions on the innate and adaptive side of the immune
response are sequential or concomitant, and if they
both contribute, additively or synergistically to the risk
of secondary infections and mortality. A recent study
by Conway-Morris et al. demonstrated that a combina-
tion of flow cytometry-based biomarkers could help to
assess for adverse outcomes [10]. However, flow cytom-
etry has some limitations (availability, standardization,
etc), and assessing the transcriptional immune response
(e.g., with a multiplex PCR tool) is probably an inter-
esting alternative to explore the immune response. The
REALISM study should provide some answers to these
points soon, as it included several hundred ICU patients,
and monitored numerous biomarkers covering all fac-
ets of the immune system (phenotypic, soluble mark-
ers, transcriptomic markers, and functional assays) over
2 months after ICU admission [21]. This should help us
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to better capture the aforementioned heterogeneity, and
identify which biomarker combination will allow a better
patient stratification.

In summary, we do need an immunoscope, i.e., a way
to monitor quantitatively all key aspects of the immune
response overtime, in ICU, because the host immune
response (1) is clearly responsible for the pathophysiol-
ogy of sepsis and septic shock, (2) is highly dynamic,
(3) but also heterogeneous among patients, and (4) its
complexity (number of players, and complex interplay
of immune functions) prevent the use of a single bio-
marker. The ability to assess the immune status of criti-
cally ill patients will facilitate the adoption of adaptive
clinical trials, allowing enrichment and stratification of
patients who will be helped most by specific manage-
ment approaches and treatments [22]. It is quite disap-
pointing to have reached such detailed knowledge about
the role of the immune system in critical illness, without
having translated that into clinical practice. Immune
failure should be part of the SOFA score, besides other
key organ failures. Checking the immune status of septic
shock patients will be the only way to demonstrate effi-
cacy of immune manipulation strategies, and decrease
mortality of such syndrome, as well as fighting against
antimicrobial resistance.
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