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The relationship between disease severity,
immunosuppression, and outcome

The immunological response in sepsis patients is com-
plex, comprising concurrent pro- and anti-inflammatory
responses. It has become increasingly clear that most
sepsis patients do not succumb to an early, overwhelming
pro-inflammatory response, but rather to complications
related to immunosuppression occurring later on in their
disease trajectory [1, 2]. This severely suppressed state of
the immune system renders patients unable to clear their
primary infection and increases susceptibility toward
secondary infections, often with opportunistic pathogens
[3, 4]. Recently, a seminal observational study questioned
the contribution of secondary infections to sepsis mortal-
ity [5]. This study linked disease severity in sepsis patients
to increased susceptibility toward secondary infections
and higher mortality. Analysis of the transcriptome of
circulating leukocytes revealed distinct hallmarks of
immune suppression at the onset of secondary infections,
consistent with an important role for sepsis-induced
immunosuppression as a causative factor. However, after
adjustment for age and, crucially, disease severity the
attributable mortality from secondary infections was low
(2%) [5]. This may appear to indicate that sepsis-induced
immunosuppression is of limited importance for out-
come, and that interventions aimed to mitigate or reverse
it will therefore have little impact. We believe this is not
the case, because immunosuppression is an intermediary
factor in sepsis patients. Disease severity drives immu-
nosuppression, eventually leading to mortality related to
secondary infections. It is therefore not surprising that
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correcting for disease severity abolishes the contribu-
tion of secondary infections to mortality. This does, how-
ever, not mean that therapeutic interventions aimed at
an intermediary factor, in this case immunosuppression,
may not affect outcome. We would like to illustrate this
using diabetes as an example. In diabetic patients, poor
glycemic control (indicated by increased HbA1c) induces
vascular damage, resulting in an increased rate of myo-
cardial infarctions. In this example, HbAlc reflects dis-
ease severity, vascular damage the intermediary factor,
and myocardial infarction the outcome. If the attribut-
able myocardial infarctions of vascular damage would be
corrected for HbAlc in diabetic patients, the effect would
be modest as well. However, it is widely accepted that
vascular damage is causative for myocardial infarctions.
More importantly, interventions targeting vascular dam-
age (e.g., percutaneous coronary intervention) are highly
effective, also in patients with diabetes. Analogously,
strategies aimed at mitigating sepsis-induced immuno-
suppression should not be written off.

Noradrenaline as an intermediate factor linking
disease severity to immunosuppression
Although new therapies to reconstitute immune function
in sepsis patients are being developed, current standard
of care practices should also be reevaluated in light of
sepsis-induced immunosuppression, as some interven-
tions may significantly dysregulate the immune response.
In sepsis patients, the use of noradrenaline reflects dis-
ease severity and we hypothesize that this cornerstone
vasopressor treatment is an important driver of sepsis-
induced immunosuppression. In this capacity, it acts as
an intermediate factor as well, linking disease severity to
immunosuppression and impaired outcome, as outlined
below and in Fig. 1.

There are several arguments for this. First, disease
severity and circulating noradrenaline levels are highly
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Fig. 1 Conceptual framework showing that, in sepsis patients, both disease severity and noradrenaline administration are important drivers of
sepsis-induced immunosuppression. The development of immunosuppression is an intermediary factor, linking disease severity to adverse clinical
outcomes. Several features of sepsis-induced immunosuppression are listed, as well as the consequences of immunosuppression, ultimately leading
to impaired clinical outcome. As more severely ill sepsis patients are more likely to suffer from hemodynamic instability, anti-inflammatory effects

of noradrenaline, mediated through the 3-adrenoceptor, link disease severity to the development of immunosuppression. Therefore, noradrenaline
represents an intermediary factor as well. This is of clinical relevance, because noradrenaline is a modifiable factor, which can be exploited for the
prevention or treatment of sepsis-induced immunosuppression. Different approaches can be pursued, such as use of alternative vasopressors or
concurrent administration of B-blockers. The current knowledge gaps that need to be bridged to explore this new concept are highlighted

intertwined, as more severely ill septic patients gener-
ally require more vasopressor support. These phenom-
ena are also correlated by default, as blood pressure
and/or vasopressor requirement is commonly part
of the disease severity scores used in sepsis. Second,
noradrenaline exerts profound anti-inflammatory effects,
predominantly mediated via the [-adrenergic recep-
tor [6]. For instance, it attenuates production of pro-
inflammatory mediators tumor necrosis factor (TNF)-a
and interleukin (IL)-6, while enhancing the release of the
anti-inflammatory cytokine IL-10 by lipopolysaccharide-
stimulated leukocytes [7]. Furthermore, noradrenaline
was shown to inhibit natural killer cell cytotoxicity [8]
and, conversely, destruction of noradrenergic nerve end-
ings increased bacterial resistance in mice [9]. To date,
clinical evidence is circumstantial. In the aforementioned

‘attributable mortality study, the prevalence of shock
(defined as noradrenaline requirement in a dose>0.1 pg/
kg/min) was significantly higher in patients who devel-
oped a secondary infection compared with those who
did not [5]. Furthermore, improved outcomes using a
catecholamine-sparing ‘permissive hypotension’ strat-
egy [10] or the use of a beta-blocker [11] in septic shock
patients have been reported. Finally, previous studies
have linked a higher vasopressor (i.e., noradrenaline) load
to increased mortality [12], although none has assessed
its relationship with secondary infections. This remains
an important aspect for future studies.

Breaking the link: alternative vasopressors
Next to the use of P-blockers, alternative non-cat-
echolaminergic vasopressors with less or no untoward
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immunological effects might be instrumental to break
the putative link between disease severity and sep-
sis-induced immunosuppression, thereby improving
outcome. Several clinical trials have compared noradren-
aline with vasopressin (analogues). In the most recent,
the selective V1-receptor agonist selepressin conferred
no clear clinical advantage over noradrenaline [13],
although development of secondary infections was not
assessed. Angiotensin II is another vasopressor with no
reported immunosuppressive effects that significantly
reduces noradrenaline requirements [14]. Importantly,
in all previous trials investigating alternative vasopres-
sors, the new vasopressor was used as add-on therapy to
noradrenaline instead of as first-line vasopressor. There-
fore, patients were treated with noradrenaline for hours
already, which could have masked any immunological
benefits of alternative vasopressors. To allow a benefi-
cial immunological effect of an alternative vasopressor to
emerge, they should be investigated as initial monother-
apy against noradrenaline and development of secondary
infections should be a predefined endpoint.

Conclusion

We argue that immunosuppression is an intermediary
factor linking disease severity to adverse outcome in
sepsis patients. Therefore, the contribution of immuno-
suppression to outcome will be severely underestimated
when it is corrected for disease severity, while interven-
tions aimed at restoring immunocompetence may still
have a significant impact on outcome. Furthermore, we
identify noradrenaline as an important driver of immu-
nosuppression in sepsis, as it exerts profound immuno-
suppressive effects in preclinical studies. Because the
need for noradrenaline is related to disease severity, this
vasopressor may represent a crucial intermediary fac-
tor between disease severity and immunosuppression.
Nevertheless, use of more clinically relevant models
of inflammation and sepsis as well as translation to the
human setting is highly warranted to properly assess the
consequences of noradrenaline therapy for host defense.
Furthermore, unlike disease severity, noradrenaline rep-
resents a modifiable intermediary factor. Therefore, the
use of alternative vasopressors as first-line therapy should
be further explored.
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