
NETs in pneumonia: is just enough the
right amount?

Robert D. Gray

Affiliation: MRC Centre for Inflammation Research at the University of Edinburgh, Queen’s Medical Research
Institute, Edinburgh, UK.

Correspondence: Robert D. Gray, MRC Centre for Inflammation Research at the University of Edinburgh,
Queen’s Medical Research Institute, Edinburgh, Scotland, UK. E-mail: r.d.gray@ed.ac.uk

@ERSpublications
NETs have been suggested to have both detrimental and beneficial roles in lung infection and
inflammation. The reality probably lies somewhere in the middle, where adequate NETs are needed to
help control infection but excessive NETs cause damage http://ow.ly/IKH130jqFP3
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Neutrophil extracellular traps (NETs) form when stimulated neutrophils undergo an oxidative burst and
emit a complex of DNA, histones, pro-inflammatory and antibacterial proteins in a process distinct to
other forms of neutrophil disposal such as apoptosis or necrosis. NETs have been associated with a
number of important disease processes ranging from infectious diseases to sterile inflammatory conditions.
This multi-potent role in immunity has led to conflicting opinion and evidence as to the beneficial or
detrimental effects of NETs in immunity and indeed whether they have a major role in humans is as an
antimicrobial defence [1]. In this issue of the European Respiratory Journal, EBRAHIMI et al. [2] demonstrate
an association between high levels of nucleosomes (a marker of NETs) and adverse outcome in
community-acquired pneumonia (CAP), in terms of time to patient stability, length of intravenous
antibiotic treatment and time to discharge. Additionally, and perhaps more importantly, those with the
highest levels of NETs had a higher (all cause) mortality. Interestingly, when the effects of corticosteroids
on CAP outcome were investigated in this cohort, although these patients had a better clinical outcome
they had higher persisting levels of NETs at days 5 and 7 (a feature also seen in the placebo arm of the
trial where slower to decline levels of NETs were associated with better outcome), albeit they had started at
a lower baseline. This presents a dichotomy where high levels of NETs (at presentation and over the
course of CAP) are associated with bad outcome and death, whereas persisting lower levels of NETs into
recovery are associated with better outcome. We might speculate that excessive levels of NETs in CAP
could represent patients with a higher level of neutrophil activation in response to more severe infections
or indeed patients with a higher level of systemic inflammation (a feature previously shown to be
associated with adverse outcome in CAP [3]), but the clinical and pathological significance of slower to
resolve NETs are less clear. Nevertheless, the present study suggests that the measurement of NETs may be
a powerful biomarker of outcome in CAP. The authors go further in suggesting that excessive NETs at
baseline and an early exhaustion of NET formation in the context of severe CAP is a potential mechanism
leading to poor patient outcome; however, this remains speculative and further mechanistic studies will be
required to investigate this feature. So, is there an optimal level of NETs at which health is maintained and
too many or too few are detrimental?

Since the first description of NETs in 2004 their role as a potent mechanism to deal with invading
pathogens has been suggested [4], and the fact that this process is highly conserved in the animal [5] and
plant kingdom [6] has served to underline this. However, the overall contribution of NETs to bacterial
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killing in humans, in vivo, remains unclear, particularly in comparison to other processes such as
phagocytosis. What is clear is that, even in that absence of additional antimicrobial therapies, the lung is
highly capable of dealing with infectious insults, so much so that in the pre-antibiotic era the majority of
hospitalised patients survived lobar pneumonia with a mortality of around 30% [7]. Phagocytosis and the
associated inflammation is a highly sophisticated response that has evolved to deal with the challenge of
respiratory infections, and is still considered the main route for the clearance of bacteria and other
pathogens from the lung. Recovery from infection (and the associated damage) is accompanied by
resolution of the inflammatory response. Central to this process is the ability of neutrophils to undergo
spontaneous apoptosis, which limits the release of histotoxic contents that may damage the surrounding
lung tissue, and this is underlined by work demonstrating that lung damage caused by infection can be
reduced by augmenting neutrophil apoptosis [8]. NET formation or NETosis may be considered an
alternative form of neutrophil disposal (death), which is completely separate from apoptosis, and as such it
may represent a pro-inflammatory form of cell death. How the balance between these modes of neutrophil
disposal (and indeed others such as necroptosis) effects outcome is currently unknown.

Is there evidence that NETs are detrimental? Previous work has demonstrated a relationship between
excessive NET formation and lung damage in an animal models of influenza [9], and decreasing NET
levels can improve acute lung injury in mice infected with Gram-negative pathogens [10], consistent with
the finding that acute respiratory distress syndrome patients with higher levels of plasma NETs had worse
outcomes [10]. Taken together, these data suggest that higher levels of NET release may drive a damaging
inflammatory response in the context of an infective lung insult. An additional consideration is how NETs
may interact with other parts of the immune system and how this may have a bearing on disease
processes. This is further underlined by the finding that levels of NETs are inversely correlated to lung
function in cystic fibrosis (CF) [11], and disease severity in chronic obstructive pulmonary disease [12]. A
major caveat to all of these studies is that they don’t differentiate increased NET production from
decreased NET clearance, which may be a crucial missing piece in the puzzle. Nevertheless, a growing
body of evidence suggests that NETs are associated with worse outcomes in both acute and chronic
respiratory disease, and this is further underlined by the work of EBRAHIMI et al. [2].

Is there evidence that NETs are beneficial? In terms of an antimicrobial defence the ability of NETs to kill
bacteria has been demonstrated to be independent of phagocytosis [4], but this is not a universal finding [13].
Evidence from animal models suggests that NET formation in response to bacteria may be dependent on
pathogen type, with Staphylococcus aureus [14], Streptococcus pneumoniae [15] and Klebsiella pneumoniae
[16] being associated with NET formation in murine models of lung infections. Conversely, a number of
bacteria including S. pneumoniae, Haemophilus influenzae and Pseudomonas aeruginosa have developed
evasion strategies to escape NET-mediated killing [17], thus further complicating our understanding of NET
release in response to respiratory infection. The study of NETs in the context of respiratory infection has been
hampered by the lack of specific tools to study the process in vivo, further complicated by the observation that
NET release is a form of cell death termed NETosis, but in some scenarios it may occur as “vital NETosis”
where nuclear material is released as a non-terminal event (for neutrophils) under specific circumstances [18].
The development of intravital microscopy to allow the study of infection and immune cell recruitment with
high resolution in murine models of lung infection will facilitate the dissection of these mechanisms in vivo.
This approach has recently been used to investigate the role of NETs in response to Gram negative and
positive bacteria, and confirmed that increased levels of NETs are associated with lung damage. Interestingly,
genetically knocking out NET formation led to bacterial dissemination from the lung and increased mortality,
but controlling NETs to an intermediate level (by genetic modification or DNAse treatment) was associated
with improved mortality [10]. These data support a major role for NETs in lung infection in the trapping of
pathogens to prevent bacterial dissemination, as has also been suggested by previous studies [15], but this is
clearly in fine balance with the potential of NETs to cause excessive inflammation and lung damage.

How do NETs cause inflammation? NETs have been associated with inflammation in a number of sterile
inflammatory conditions such as systemic lupus erythematosus, rheumatoid arthritis, small vessel
vasculitis, gout and cardiovascular disease [19], underlining a role for NETs in inflammation, although the
role of NETs in the inflammatory response to infection is less well defined. Crucially the mechanisms by
which NETs can promote inflammation are now being revealed and recent evidence suggests that the
interaction of NETs with macrophages may be key to this [20, 21]. Therefore, NETs may have a crucial
role to play in the crosstalk between cells of the innate (and adaptive) immune system, promoting
inflammation, whereas other forms of neutrophil disposal such as apoptosis have a defined role in driving
the resolution of inflammation [22]. Add to this the observation that NETs cause localised tissue damage
independent of the infecting organism [23], and the potential for NETs as an inducer and perpetuator of
inflammatory lung damage is apparent. A fine balance probably exists between an adequate amount of

https://doi.org/10.1183/13993003.00619-2018 2

INFECTION | R.D. GRAY



NETs to control infection and prime inflammation and excessive NETs causing local tissue damage and
non-resolving inflammation.

EBRAHIMI et al. [2], although not uncovering a mechanistic role for NETosis in CAP, underline the potential
importance of this process in what is a common respiratory illness associated with significant morbidity
and mortality. The observation that corticosteroids lead to a prolonged lower level of NETs in recovering
patients who have a better outcome does perhaps suggest a beneficial role for NETosis during the process
of recovering from pneumonia, and would be in keeping with other recent data suggesting that patients
who survive sepsis may indeed have a greater ability to make NETs than non-survivors [24]. Recent data
from CF patients has suggested that a delay in neutrophil apoptosis in these subjects leads to an increased
ability to form NETs [21], suggesting that the activation of alternative routes of disposal for neutrophils
may have consequences in terms of promoting inflammation. Indeed the fact that corticosteroids are known
to delay neutrophil apoptosis may be of direct consequence in the present study by preferentially allowing
NETosis in those treated with prednisolone. More work is clearly required to probe this interesting area.

In conclusion, EBRAHIMI et al. [2] contribute a clinical perspective to our current understanding of how NETs
may be involved in pulmonary infection as well as potentially providing a new biomarker of outcome in CAP.
Taken with other contemporary data it would appear that well controlled NET release and clearance are
beneficial in processes such as pneumonia, but any imbalance in this system may be detrimental, with too
many causing damaging inflammation or too few allowing dissemination of infection and sepsis. An
increased focus on the interaction of NETs with other cells of the innate and adaptive immune system will be
required to fully understand the immunological consequences of NET release in the context of infection, and
how this process may be manipulated to improve disease outcomes. Going forward, specifically designed
prospective studies focusing on the measurement of NETs during the evolution and resolution of pneumonia
and associated inflammation in tandem with focused in vitro and in vivo experiments are essential to fully
elucidate the mechanisms and consequences of NET release and clearance in CAP, and to definitively address
what level of NET release is “just enough to be the right amount”.
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